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ABSTRACT OF THE DISSERTATION

Reproductive Ecology and Hatchling Behavior of Olive Ridley Sea Turtles in Honduras

by
Noemi DurarRoyo
Doctor of Philosophy, Gruate Program in Blogy
Loma Linda UniversityJune2015
Dr. Stephen G. Dunbar, Chairperson
In this dissertationl investigatel the reproductive ecology and hatchling behavior
of the olive ridley [Lepidochelys olivacgasea turtle populationesting in Pacific
Honduras. begin byreviewing olive ridley reproduction, human use of this species, and
past and present conservation on nesting beaches. | also propose a conservation strategy
to improve nesting beach conservation programs in demgl@ountries. In the first of
four empirical studies, | used microsatellite markers to assess multiple paternity levels of
the Honduran population, and found evidence for multiple paternity in 75% of the nests
examined This rate, higher than expected éopopulation of solitary nesters, suggests
that some females may be coming from Nicaraguan mass nesting beaches. The second
study compared thermal profiles, hatching success, and hatchling characteristics of nests
left in situon the beach with nests fraaiocal hatchery. | also assessed the effects of
retaining hatchlings for 24 hours after emergence. Incubation temperatures were higher,
and hatching success was lower, in the hatcbemypared tahe beachMeannest
temperature during the second third of incubation was a good preafittaiching
success. Retention for 24 hours reduced hatchling weight, running speed, and active

swimming time. In the third study, | compare diurnal and nocturnal hatchling swimming

Xvii



paterns, finding thahatchlingsat night swam near the surfac®® of the time, yet

during the day they spent 78% of the time swimming at depth. This diurnal pattern of
deep swimming may be used by hatchlings to avoid avian predation. In the fourth study, |
investigate the effects of tidal currents on hatchling movements during offshore

migration. Hatchlings moved away from the coast during outgoing tides, but were pulled
back to the shore during incoming tides. | found that a change in timg tirhatching

releases helped counter backward movements and increased effective distances covered
by the hatchlings. This dissertation represents the first comprehensive study on the
reproductive ecology of the Honduran olive ridley population. My findings provide

useful informatiorfor improving ongoingconservatiorefforts for this species
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CHAPTER ONE

INTRODUCTION

Sea turtles are speciasrisk. The habit of aggregating in predictable areas for
feeding or reproducin(frazier etal. 2007; Plotkin et al. 2012)akes sea turtles
especially vulnerable to human owetploitation. Additionally, some features of sea
turtle life history, such as slow growth and late maturitgke it difficult to recover
populations that are already deigd.

The life cycle of sea turtles encompasses both land and oceanic stages, often
separated by large distances and covering long periods of time. Sea turtles reproduce on
land. Reproductive females emerge to lay their eggs on beaches, usually indlagesam
where they hatched, a behavior called philopatryatal homindMiller 1997). After an
incubation period of approximately 60 days, the eggs hatch and the hatchlings crawl to
the sea and swim efhore until they find a main oceanic current whbey will drift
while developing and growin@arr 1986; Carr 1987This journey usually takes two or
three years andfteninvolves distances of thousands of kilometers, sometimes across
entire ocean basir{8olten and Balazs 1995pnce they reach thayenile stage,
individuals of some sea turtle species go back to neritic waters and stay in coastal
foraging groundsindividuals of dher species may remain in pelagic waters until they
reach adult siz@olten 2003) Sea turtles are long lived, slow griog vertebrateghat
can take more than 35 years to reach sexual maturity, depending on the (¢pebies
1971) Adult males and females usually aggregate in front of the nesting beaches to mate.

Females often lay more than one clutch during the reproductive season, yet in most sea



turtle species they do not reproduce annubligeding insteadvery two to nine yars
(Miller 1997).

Throughout this complex life cycle sea turtles face a variety of threats. Nesting
females and developing eggs are vulnerable to land predators, and recently emerged
hatchlingshbecomecommon prey for fish and seabir&tancyk 1982)Eggharvesting for
human consumption and commerce, both legal and illegal, is widespread in many
countrieg(Campbell 2007; Plotkin et al. 201Juvenile and adult sea turtles are still
actively captured for meat and other products in some parts of the(Waritber et al.

2014) and they are alsanintentionally captured as bgatch in fisheries all over the
world (Gilman et al. 2006)Other current threats to sea turiledudethe loss of nesting
habitats due to human interventions on beafe€|enacharet al. 2006) marine debris
and other types of oceanic pollutiderraik 2002) and global warmingHawkes et al.
2009)

There is no doubt that sea turtles need protec8Barof the seven extant species
are included in the |SpeiNPOUCN RO&4]eitherast of Thr
Critically Endangered (hawksbilEretmochelys imbricata and Kempos ri dl ey
Lepidochelys kempijiEndangered (gree&Ghelonia mydasand loggerhead;aretta
carettg, or Vulnerable (leatherbackermochelys coriaceand oive ridley,

Lepidochelys olivacgaHowever, the life patterns of sea turtles, and the wide array of
threats they face make sea turtle conservation challenging. First, because conservation
resources are limitedesearchers mudecide where to concentratenservation efforts,
which species and populations are of most concern, and which life stagesreheivie

the mostprotecton. Second, because sea turtles move across national boundaries as well



as through international waters, it is pivotal to cowati conservation efforts and to
approach sea turtle conservation from local, regj@ma international levels.

With regard to which life stage or stages should be the primary focus of sea turtle
conservation measures, several mathematical and compadetsthave attempted to
represent population dynamics of different sea turtle species, and have provided some
insights on the matter. Early models for loggerhead sea tu@esuse et al. 1987;

Heppell 1998koncluded that management practices focusatiefirst life stages (eggs

and hatchlings on nesting beaches) had low impact on the populatiancndingly

protection efforts should concentrate on juveniles or subadults. However, more recent
models using data from loggerhead and green turtles siutlpge egg survival and

hatchling success are also of high importance, and can compensate for losses in other age
classegMazaris et al. 20022009)

Regarding levels of protection and conservation action, several international
agreementssuch as the @hvention on International Trade in Endangered Species
(CITES), and the Convention of Migratory Species of Wild Animals (CMf8)ude sea
turtles under the highest levels of protecti@ichardson et al. 2006%ea turtles are also
protected by domestic laws in many countries, yet levels of enforcement and compliance
vary widely. In many developing countries where sea tuoibesi; governments struggle
with financial difficulties, impoverishment, illiteracypsial instability, drug trafficking,
corruption, and violent conflicts, all of which take priority over conservation issues. This
scenario suggests that, in many areas, the fate of sea turtle populations mostly depends on
local communities living in thosstes, highlighting the importance of local conservation

initiatives.



This dissertation focuses time conservation of olive ridley sea turtles,
Lepidochelys olivaceahrough field and experimental research, and enhanced nesting
beach management. The avéing objective was to investigate the reproductive ecology
of the olive ridley population nesting in Pacific Honduras, and to use this information to
suggest improvements for the current management protocols of the local conservation
project.

In chapter2, | begin with a review of the reproductive ecology of olive ridleys,
the history of human use of the species, and the current conservation practices in nesting
beaches. Olive ridleys are the most abundant of the extant sea turtle species, yet their
curent status, according to the |1 UCNO6s Red
high risk of extinction in the willUCN 2014) In that chapter, | review the
characteristics of the species that have favored human overexploitation, mainly the
special node of reproduction displayed by some populations called mass nesting, or
arribada. | also review the current conservation status of the species along its range.
Olive ridley nesting beaches are located in tropical and subtropical regions of the Pacific,
Atlantic, and Indian Oceans. Many of these beaches belong to developing countries with
high poverty indexes, where local communities have traditionally used sea turtles and sea
turtle eggs as a source of income. Although olive ridleys are legally protectexbt
countries, the actual levels of compliance tend to be low, and sea turtleesaptliegg
harvesting are widespread. At the end of chapter 2 | list several reasons why olive ridley
conservation research is important, and suggest a conservadimgtior olive ridley
nesting beaches, applicable to local conservation projects currently carried out in

developing countries. Estrategy is based on the concept of Community Based



Conservationand has the objective of using research and accurategeraeat practices
to optimize the results of current operative projects, increasing benefits for both the sea
turtle species and local human communities.

Chapters 3 to present examplas the application of this conservation strategy
to the olive ridley ppulation that nests in Pacific Honduras. Olive ridleys nest shfitar
on several beaches along the south coast of Honduras. These beaches are located in the
northeast end of the Gulf of Fonseca, a shallow 80 by 50 km inlet of the Pacific Ocean,
with coass shared by El Salvador, Honduras, and Nicaragua. Olive ridley eggs have been
historically used in Honduras for human consumption and commerce. Since the 1940s to
the 1970s, almost 100% of eggs deposited on Honduran beaches were harvested
(Campbell 2007Pritchard 2007)However, in 1975 the government established a yearly
protected perioda veda to protect the declining populatighinarik 1985) La veda
encompassese first 25 days of September. During this period beaches are patrolled in
search ohests and eggs are relocated into hatcheries. Currently, théoaiare
operational hatcheries along the Pacific coast of Honduras, at Punta Raton, Boca del Rio
Viejo, Cedefio, and El Venado. Punta Ratén, the main research site for this dissertation,
compriesthe largest hatchery, with more than 200 nests a year. In Punta Ratdn, the local
community, with the support of the national military, performs beach patrolling, hatchery
construction, and hatchery management. During the 25 protected days, people
participating in beach patrolling tasks receive compensation in the form of basic food
items. Wherla vedafinishes, only one or two people remain in charge of the hatchery
and receive a small economic compensation for maintaining the eggs until hatched.

Hatchey tasks include burying relocated eggs, watching the hatchery during incubation



to prevent human or animal predation, releasing emerged hatchlings, digging up nests
after emergence, and recording nest and hatchling data. In the hatchery at Punta Ratén,
haching success tends to be low, likely due to severe construction and management
deficiencies. In 2009he hatchery was built in a lowlaadeathat became flooded,
causing all embryos to die, and in 2010 all nests were lost because of excess heat
(Dunbar personal communicatipnVery often hatchlings are too weak to emerge
naturally and the nests are dug up to prevent hatchlings from dying inside the nests. Also,
because of their weakness, hatchlings are not released on the beach, but doedy in
water. Releases take place during outgoing tides in order for ebb currents to help
hatchlings move away from the coast, but only during the night to minimize potential
avian predation. This implies that hatchlings are retained for long periods before,releas
sometimes as long as 24 hours after emergence.

Although the conservation program at Punta Ratdén has been in pld€eyars,
the only available data during most of this time were the numbers of relocated eggs and
released hatchlings per year. In 2007, the Protective Turtle Ecology Center for Training,
Outreach and Research, Inc. (ProTECTOR) started a flipgging progam with
nesting females on the beaches at Punta Ratén and El Vi@hatwar and Salinas 20Q8)
and deployed several satellite tags on nesting females from the region to monitor their
post nesting movemenits 2010, 2011 and 20)(®unbar et al. 2010; Dunband Salinas
2013) However, prior to the research studies reported in this dissertation, no scientific
assessment had been performed on the management practices in any of the hatcheries,
and no information existed about the fate of the hatchlings reléase Honduran

beaches.



From 2011 to 2013, | carried out four research projects in Punta Raton with the
aims of increasing scientific knowledge on the reproductive characteristics of the local
olive ridley population, and of using this knowledge to ssggeactical improvements
for the conservation practices currently in place on Honduran beaches.

In chapter 3, | report results of an assessment of the multiple paternity levels of
olive ridleys in Honduras, using microsatellite markers. The percentagelible
paternity in a population is important because it influences effective population size
(Sugg and Chesser 19%h)d genetic variabilityBaer and SchmitHempel 1999)and
provides information on mating patterns and population stru¢leresen edl. 2006) In
this case, a multiple paternity analysis was even more informative because it could
provide insights on the origins of individuals within the Honduran olive ridley
population. Multiple paternity levels in olive ridley turtles depend on theenod
reproduction in each population, being much higheriibada beaches than in solitary
beachegJensen et al. 2006\though female olive ridleys nest in solitary at Punta Raton
and the rest of the Honduran nesting beadbPetchard (20073uggestd that these
females may actually originate froanribada nesting beaches in Nicaragua. If that was
the case, the olive ridley nests deposited at PuatdnRvouldpresumablyshow high
levels of multiple paternity. If not, they would likely show low les/gfpical of solitary
populations. The information obtained on the mating patterns of the population, as well
as on the likely origin for the nesting femalbaveimplications for conservation
purposes.

In chapter 4, | compare the characteristics of seaural nests incubatéa situ

on the beach at Punta Raton with nests incubated at the local hatchery. Hatcheries are



widely used in sea turtle conservation progrélisrtimer 1999) but may alter

incubation temperaturg®eGregorio and Williard 201ecrease hatching success

(Pintus et al. 2009nd affect the physical characteristics and behavior of hatchlings
(Turkozan et al. 2001; Koch et al. 200Bgxamined incubation temperatures for nests
both on the beach and at the hatchery, as well as hgthacess, hatchling weight and
size, hatchling running speed, and hatchling swimming style. Because previous studies
have shown that long retention times may reduce hatchling body condition and
locomotion performancéPilcher and Enderby 2001; van der Meret al. 2013)l also
assessed the influence of retaining hatchlings for 24 hours on hatchling weight, running
speed, and swimming ability. The significance of this study to conservation consisted of
assessing the weaknesses of the current conservabigram and providing scientifically
supported improvements and alternatives.

In chapter 5, | provide results from investigations on levels-ofater predation
suffered by hatchlings released from Punta Raton during the first hours of their offshore
migration. Because previous predation studies related shallow waters with high predation
rates(Witherington and Salmon 1992; Pilcher et al. 200@xpected that hatchlings
swimming across the shallow waters of the Gulf of Fonseca suffered high incidences of
predation by fish. However, actual predation rates were very low. In this chapter, | also
provide results of a study that compared the diurnal and nocturnal swimming patterns of
the hatchlings. Sea turtle hatchlings are positively buoyant and tend tonsairthe
surface of the watgDavenport and Clough 198@)lowever, they are able to swim at
depth for variable periods of time, and hatchlings of different sea turtle species have been

recorded diving in response to birds or other objects flying over(feemt 1976;



Witherington et al. 1995)n this studyl describe a diurnal pattern of deep swimming
performed by the Honduran hatchlings, and suggest the possibility of this behavior being
an antipredator strategy to avoid detection by birds in thedtwaters of the Gulf of
Fonseca. Taking into account that preventing bird predation is one of the goals that
determined current protocols for hatchling releases at Punta Raton, investigating
hatchling predatoavoidanceébehaviors and assessing the actisil of predation was
important to evaluate the necessity and adequacy of such protocols.

In chapter 6, | investigate the effects of tidal currents on hatchling offshore
migration. Local environmental conditions vary from beach to heaxhtlerefore they
may affect hatchlings from different areas in different ways. Due to itseaciosed
shape and its shallow waters, tidal currents in the Gulf of Fonseca are strong and reach
speeddive times higher than typical hatchling swimming spe@cdimiralty
Hydrographic Office 1951)The small size of sea turtle hatchlings makes them
vulnerable to these strong tidal currents. In this studgsessed the reversal effects of
flood tidal currents on hatchling movemeraad examineavhetherchanging the current
timing of hatchling releases, from mid outgoing tide to the beginning of the outgoing tide,
could minimize these effects.

In Chapter 7, | summarize and discuss the conclusions of my research. My results
include new findings that will enrich the general kihedge of olive ridley reproductive
biology, and practical data useful for improving current management and conservation
practices. At the end of chapter 7, | provide suggestions for future directions on

continuing and expanding the research of this dissent



Goal, Objectivesand Hypotheses

The overriding goal of this dissertation was to investigate the reproductive
ecology of the olive ridley population nesting in Pacific Honduras, and to use this
information to suggest improvements for the currentaga@ment protocols of the local
conservation project.

1 The first objective was to assess the levels of multiple paternity of this population.

0 | hypothesized that the levels at Punta Raton would be low because
multiple paternity levels in olive ridley turtles depend on the mode of
reproduction, being high iarribadabeaches and low in solitary beaches.

1 The second objective was to compare nedtleatchling characteristics between
semtinatural nests incubatéa situon the beach, and nests reburied in the local
hatchery.

o Because of the poor hatchery management at Punta Raton, | hypothesized
that:
A The nests at the hatchery would incubate atdriggmperatures
and show lower hatching success than the nests at the beach.
A Hatchlings from the hatchery would be smaller and show lower
locomotion performances than hatchlings from the beach.

1 The third objective was to investigate the effexdteetaining hatchlings for long

periods of time after emergence on hatchling characteristics and behavior.
o | hypothesized that long retention times would reduce hatchling weight,

running speed, and swimming ability.
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The fourth objective was to assess the levels-@fater predation suffered by
hatchlings from Punta Raton during the first hours of theisbifre migration.
o | hypothesized that the rate of predation by fish would be high, because of
the shallow depth of the Gulf of Fonseca waters.
The fifth objectivewas to compare the diurnal and nocturnal swimming patterns
of recently emerged hatchlings, regarding their position in the water column.
o | hypothesed that hatchlings would spentbre time swimming at depth
during the day to minimize predation by birds.
The sixth objective was to determine the effects of tidal currents on the
movements of hatchlings during their-sfiore migration.
o | hypothesized that the movements of the hatchlings would be highly
affected by tidal currents, moving away from the beagind outgoing
tides and back toward the coast during incoming tides.
The seventh objective was to investigate if a change in the release protocols of the
hatchlings would reduce the reversal effect of the flood tidal current.
o | hypothesized that releagjithe hatchlings just after high tide would
provide more time for them to move away from the beach during the first
outgoing tide and thus, minimize the effects of the following incoming

tide.
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Introduction

The olive ridley Lepidochely®livaced is one of the smalleg§¥an Buskirk and
Crowder 1994and the most abundant of the seven extant sea turtle s(fecielsard
1997) Olive ridleys are widely distributed in tropical and subtropical waters of the
Pacific and Indian OceariBritchad and Mortimer 1999)They also occur in the Atlantic
Ocean, but are absent from the East coast of the United States and the Gulf of Mexico,
whereL.olivaceas s r epl aced by its congenerl.c speci
kempii(Fretey 1999; Prchard 2007) Bot h ol i ve ridleys and Kel
special mode of reproduction calladibada or mass nesting, consisting of the
synchronized emergence of hundreds to tens of thousands of females nesting in close
proximity on specific beachehiring a few day¢Bernardo and Plotkin 200.7Pnly a
handful of olive ridley mass nesting beaches exist in the vaoididardocated in India,
Mexico, Costa Rica, Nicaragua, Panama, and Surirjgigel). Besides nestingn
masseolive ridley sea turtlealso nest solitarily on many tropical beaches worldwide.
Solitary nesting is much more common tlarbada nesting, and several new nesting
beaches have been discovered in the last déédalea et al. 2007; Kelez et al. 2009;
Padmavathy and Anbarashabi2)(Fig. 1).Olive ridley nesting has been documented
along the East Pacific coast, from Sonora and Baja California (Mexico) to Peru. In the
West Atlantic they nest in varying densities in Suriname, French Guiadarazil.
Extensive nesting has beaported also in the East Atlantic in several countries along

the African coast, as well as throughout the Indian Ocean.
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Figure 1. Location ofOlive Ridley nesting beacheBlack dots indicate countries where olive ridleys nest in solitary. Grey circles
indicate countries that have one or manebadabeaches. Dots and circles do not indicate the exact position of the rookeries.



In addition to mass nesting behavior, several other characteristics identify olive
ridleys and distinguish them from other sea turtle species. Olive ridleys are small, with
average weights of 35 kg and rarely exceeding 45 kg (Marcoval8i P9fchard and
Mortimer 1999). The head is triangular in shape, with two prefrontal scales. The common
name for the species originates from the olive color typical of the adult carapace,
although it can actually range from greenish to dark grey. TypicaEbht carapace
lengths (SCL) for adult female olive ridley sea turtles range from 60.6 cm (Mexico) to
71.5 cm (Sultanate of Oma(Qastellanos Michel et al. 2003Jhe carapace is nearly
round with wide marginal scutes, and shows regional variatiorexample, Pacific
populations have a stespded, flattopped carapace, possibly associated with their habit
of surface basking in relatively cool waters (Pritchard 2007). The presené¢eQatéeral
scutes (Wyneken and Witherington 2001), often withmamgtrical configuration
(Pritchard and Mortimer 1999), distinguishes olive ridleys from all others$tzetled sea
turtles. The plastron is lighter in color and exhibits a series of conspicuous pores in the
inframarginal scutes, also present in the conggn& s peci es, Kempbs rid
correspond to the openings of Rathkeds gl a
yet especially enlarged in the ridleys. While the function of these glands remains
unknown, it has been suggested that thesretions may play a role in detection of
conspecifics duringrribadas(Owens et al. 1982Regarding the distinctive high
number of costal scutes, Pritchard (2007) pointed out that this highly variable,
multiscutate condition has been reported in hatgsliof other sea turtle species raised
under artificial incubation (Mast and Carr 1989). The significance of this observation

remains unclear.
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Pritchard (2007) descridehe general morphology of the olive ridley as the most
primitive and generalized amotige sea turtle species, and progbibeat its lack of
adaptations to highly specialized ways of life may have represented a formula for
survival. The generalist diet and opportunistic feeding habits of the olive ridley (Marquez
1990) underscore this lack specialization. They may feed on fish, tunicates, mollusks,
crustaceans, jellyfish, sea urchins, other invertebrates, or algae (Bjorndal 1997)
depending on what is available. In fact, olive ridley diets show important regional
differences. In the India®cean olive ridleys were first described as almost exclusively
herbivorous (Deraniyagala 1953; Biswas 1982), yet a recent study that analyzed gut
contents of a higher number of animals, covering both sexes and different sizes, reported
animal prey as themost abundant, with variable algae content depending on age group
(Behera et al. 2014Adult turtles fed mostly on mollusks (47%), followed by algae
(12%). Subadults, inontrast preferred crustaceans (32%), followed by mollusks and
fish in similar amouts (23% and 21%, respectively). In the eastPacific, olive ridleys
areprimarily carnivorougMarquez et al. 1976; Pritchard and Trebbau 19@&4ding
both on benthic invertebrates in nearshore areas (@amhsu and GomeAguirre
1980) and on plankioc gelatinous prey in the open ocd&opitsky et al. 2004;

Polovina et al. 2004)n the Atlantic, a recent study on gut contents of animals stranded
in Brazil showed that olive ridleys in the region are benthic carnivorous, whose preferred
prey are crusceans and fisfColman et al. 2014)

The life cycle of olive ridleys also supports the hypothesis that they are less

constrained than other sea turtle species, and highly adaptable to variable environmental

factors. Sea turtles exhibit three differerpey of life history patterns (Bolten 2003).
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Flatbacks Natator depressysare endemic to Australia and displBype 1, which

consists in spending all life stages (hatchling, juvenile, and adult) in the neritic zone,
close to the coast. All other extant sigs spend at least some part of their lives in the
oceanic zone, usually after hatchlings leave the nesting beaches and drift for several years
within oceanic currents. While loggerhea@s(etta caretty, hawksbills Eretmochelys
imbricata), greensChebniamyday , and Kempds ridleys alll
juveniles to finish deMepment [Type 2), leatherback®ermochelys coriacgacomplete
development up to the adult stage in the oceanic zZioype(3). According to Bolten

(2003), the oliveidley is the only species that appears to follow eithBye 2

(Australian and West Atlantic populations) ofgpe 3 life history pattern (East Pacific
populations), perhaps in response to variations in resource availability.

Regional differences alsxist in the posmigratory movements of adult olive
ridleys. East Pacific populations exhibit nomadic behaviordeang over vast oceanic
areaswithout targeting specific foraging groun@Sornelius and Robinse@Glark 1986;

Plotkin 1994; Plotkin et all995; Dunbar and Salinas 201B) a recent satellite

telemetry study on poseproductive migrations, Plotkin (2010) confirmed that olive
ridleys from the eastern Pacific do not follow specific migratory corridors and do not
show site fidelity to feedingreas. She found that their movement patterns changed in
response to an El Nifio event and concluded that this high migratory flexibility makes the
species less vulnerable to the impacts of climate change. Studies from Australia,
however, showed that olivedleys from that region do use distinct foraging areas and
move directly towards them after the nesting seéstmMahon et al. 2007; Whiting et al.

2007) Likewise, recovered carcasses of tagged turtles in the western Atlantic suggest that
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olive ridleys from that area could be regularly migrating to several specific foraging areas
in southern Brazi(Reis et al. 2010)These data reinforce the high habitat plasticity and

adaptability of this species.

Reproductive Behavior and Nesting Ecolog

Olive ridley sea turtles attain sexual maturity at approximately 13 years of age,
relatively early compared with other sea turtle spe(@eg et al. 2006)Another
peculiarity is that females nest almost annu@gitchard 1969; Plotkin 1994yvith a
clutch frequency of 2 3 nests per yedMiller 1997). Evidence from tageturn studies
in India has shown that the reproductive span for this species is at least APgedes/
and Kar 200Q)Olive ridleys are primarily mainland nesters and rarelyzetiislands or
shores with extensive offshore coBritchard 2007)preferring sandy beaches with high
humidity levels near river mouths or estuafi@asasAndreu 1978)Regarding nesting
behavior, a peculiar feature of the gehepidochelyssthesecal | ed fAdance of
r i d [Patghard 2007)After covering the nest, the female starts lifting her body and
hammering down on the sand with each side, producing a characteristic sound audible
from several meters awd$ilas and Rajagopalan 1987 able 1provides a summary of

the main characteristics of olive ridley reproduction.
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Table 1 Main characteristics of olive ridley reproduction

Attribute Value Source
Age at sexual maturity 10 years (Pritchard 2007)
13 years (Zug et al. 2006)

Female size dirst
reproduction
Track characteristics

Substrate preferences
Nesting duration
Oviposition duration

Clutch size

Eggweight

Egg size

Nest size

Clutch frequency

Renesting interval
(intraseason)

Internesting period
(interseason)
Site fidelity

Incubation period

Pivotal temperatures

TRT (transitional range of

temperatures)

Hatchling weight
Hatchling size

Usually over 60 cm (range 52
cm)

Alternate gait

About 76 cm wide

Open sand, some under vegetatior

Less than 1 hour
Less than 20 minutes

74-126 eggs, mean 105 eggs
(Eastern Pacific)

40 g
30-38¢g
32-45 mm diameter

Flask shaped 365 cm deep
(commonly 3843 cm)

Egg chamber 180 cm wide
2-3 (2.2)

14 days (Solitary)

17-45 days, usually 28 days
(Arribada)

They nest almost every year

Low (Solitary), high Arribada)

50-65 days

4551 days

30.5°C (Nancite, Costa Rica)
29 °C (Gahirmatha, India)
27-32°C (Costa Rica)

100% males at <27C

100% females at >32C
16-19¢

CCL 3750 mm, CCW 3345 cm

(Hughes and Richard
1974; Ernst et al. 1994
(Pritchard 2007)
(Spotila 2004)
(Spotila2004)

(Spotila 2004)

(Vega and Robles
2005; Kumar et al.
2013)

(Ernst et al. 1994;
Abreu-Grobois and
Plotkin 2008)

(Spotila 2004)

(Ernst et al. 1994)
(Ernst et al. 1994;
Pritchard and Mortimer
1999)

(Ernst et al. 1994; Veg:
and Roblef005)

(Spotila 2004)

(Spotila 2004)
(Bernardo and Plotkin
2007)

(Pritchard 2007)

(Bernardo and Plotkin
2007)

(Spotila 2004)

(Ernst et al. 1994)
(Spotila2004; Wibbels
2007)

(Spotila 2004)

(Ernst et al. 1994)
(Ernst et al. 1994)
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The most remarkable feature of olive ridley reproduction isthbadaor mass
nesting behavior undertaken by some populations. The key feature that distinguishes an
arribadafrom colonial nesting, typical of green and loggerhead tuiddbge
synchronicity of female emergen(@ernardo and Plotkin 2007RRidleys aggregate in
nearshore waters of specific beaches for days or weeks, and assemble closer to the shore
a few days before theribada begins(Bernardo and Plotkin 2007; Beheraaet2010)
These turtles have been observed swimming back and forth parallel to the beach, resting
on the benthofCornelius and Robinse@lark 1986; Plotkin et al. 199Dy floating with
their heads against the wa@ehera et al. 2010until a high nmber of them suddenly
begin crawling onto the beach, and many others continue doing so for between 3 and 7
days(Bernardo and Plotkin 200.7A number of extrinsic factors have been proposed as
proximate cues that trigger initiation of tagibadas such a strong winds or specific
moon phases, but none of these cues have proven to be consistent, even for a specific
region(Bernardo and Plotkin 200.7Rritchard1979)and Owens et a{1982)speculated
that chemical communi c a teiioosmigit faciliatagibadaRa t h k e
synchronizati on. Pl otkin found waxy plugs
females captured close to Nancite beach weeks bef@eibada, but the plugs were
absent in females captured oncedimbada had staied (Bernardo and Plotkin 2007)
These observations support some type of re
andarribadabehavior, but more experimental evidence is needed.

There are only a few mass nesting elndley beaches in the worldt no
specific factors have been discovered that differentiate these beaches from others where

solitary nesting occur@ritchard 2007)Most weltknownarribada beaches are located
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in the central eastern Pacific: La Escobilla in Mexico, Nancite and OktioGasta
Rica, Chacocente and La Flor in Nicaragua, and Isla Cafas in Pé@@mardo and
Plotkin 2007) The state of Orissa, in northeast India, contains three mass nesting
beaches, Gahirmatha, Rushikulya and Devi R{Behera et al. 2010¥5ahirmala La
Escobilla and Ostionalyith estimates of over 100,000 nests per y&apathy 2002)are
currently thelargest mass nesting rookeries in the world. However, the sizeslzddas
do not maintain temporal constan@ritchard 2007)According to histrical records,
largearribadasoccurred in the past in some beaches in Nicaragua and Mestiathno
longer take placéernardo and Plotkin 200.7At Eilanti, Suriname, the only mass
nesting beach in the western Atlanaiciibadaswere historically knan to be much
larger but currently encompass only a few hundred nests pefH@eckert et al. 1996;
Godfrey and Chevalier 2004)Ihe decrease in size of amibadamay be due to human
overexploitation in some cas@smpus 1995) but may be a result ofatural causes, as
well. For instance, the CosRican beach at Nanciteas been a nesting site free from
human interference since the 19THspe 2002)yet nevertheless has suffered a 90%
decline in the number of nests from 1971 to 2(ahseca et aR009) Arribadasare
described as ephemeral reproductive aggregations by several #Bgroerdo and
Plotkin 2007; Pritchard 200,7and thus such a reduction may be part of a normal cycle of
development and disappearance.

Various selective advantages/bdbeen suggested for mass versus solitary nesting
that could have driven the evolution of olive rideryibada behavior(Bernardo and
Plotkin 2007) The pelagic habits of olive ridleys make intraspecific encounters difficult,

so the establishment of reproductive aggregations could help individuals find mates, as
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well as increase the rate of multiple mating, which may be advantageous for both sexes
(Yasui 1998; Zeh and Zeh 200A)I sea turtlespecies show high incidencesnoftiltiple
paternity(Kichler et al. 1999; Moore and Ball 2002; Lee and Hays 2004; Bowen and Karl
2007; Theissinger et al. 2009; Joseph and Shaw 2011; Stewart and Dutton 201&tDuran
al. 2015)although discussions of actual benefits for females remain contro\&esal
and Hays 2004)Bernardo and Plotki(R007)proposed that the increase in mate
encounter rate enabled byribada aggregations supposes a selective advantageier ol
ridleys, and might have been involved in the evolutioarabada behavior. Recent data
showing that multiple paternity is much highemimibada beaches than in solitary
beachegJensen et al. 2008upports the idea of a positive correlation betwee
reproductive aggregations and multiple mating, yet implications regarding hatchling
fitness have not been ascertained.

Nevertheless, the foremost hypothesis regarding the evolutemmilodda
behavior in ridleys is the predator satiation strai@gichard 1969; Eckrich and Owens
1995) Both eggs and recently emerged hatchlings are exposed to a high risk of predation
on the beach. In a mass nesting setting, synchronous nesting and subsequent hatching of
hundreds to thousands of nests provide suchdemae of resources that terrestrial
predators are quickly satiated, and a large proportion of hatchlings survive. An
experimental study at Nancite, Costa Rica, seemed to confirm this hypothesis showing
that nests from solitary nesters suffered signifigamibre predation than nests from
arribada nestergEckrich and Owens 1995However, the validity of these results has

been gquestioned because both experimental nest groups were located in Nancite, an
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arribadabeach with much higher abundance of preddtwns typical solitary beaches
(Bernardo and Plotkin 200.7)

The increased mating opportunities and the predator swamping strategy are not
mutually exclusive. In fact, Bernardo and Plotk2®07)proposed that tharribada
behavior originally arose as a weyincrease mating opportunities, yet was later
enhanced because of its additional benefits in reducing predaigpme 2adepicts a
summary of this suggested evolutionary pathway. Because of their pelagic wandering
behavior, olive ridleys would othervedhave very few mating encounters and almost no
opportunities for multiple mating and multiple paternity and thus, reproductive
aggregations would provide the species with these allegedly advantageous reproductive
features. Synchronous nesting would thed #he advantage of predator swamping.

The fact that only a few populations of olive ridleys perfammbadas however,
suggests that therribada strategy is not universally advantageous over solitary nesting.
In fact, considering @it solitary nesting is widespread, and that solitary nesters could
outnumbeirarribada nesters worldwid€¢Cornelius and Robinson 198%ernardo and
Plotkin (2007)concluded that two fitness peaks exist for nesting behavior in this species.
The coexistencef both reproductive modes is possible because of the advantages and
tradeoffs inherent in each strategy.tAbugharribada aggregations are supposed to
favor multiple mating and decrease nest predation risk, hatching suceesbada
beaches is usugllvery low due to high densigependent mortalit{Clusella Trullas and

Paladino 2007)
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Figure 2. Evolution of thearribadabehavior (top, grey) according to Bernardo and Pld&@®7)and cycle of development,
collapse and disappearance ofaaribada beach(bottom, black) according to Pritchafféritchard 2007)



The large number of turtles on the beach causes high levels of nest destruction
when they incidentally digpunests laid by previous turtlé€Sornelius et al. 1991and
the accumulation of organic matter increases microbial content in the sand, which
consequently affects the normal development of the emip@arselius et al. 1991;
Valverde et al. 1998A numler of studiegClusella Trullas and Paladino 2007;
Honarvar 2007; Honarvar et al. 2008; Honarvar et al. 2011; Bézy et al. @dshpent a
strong correlation between higlensity nesting and high G@vels, low Q levels, high
bacterial and fungal content, increased incubation temperature, and low hatching success.
Arribadasmay be advantageous in their first stages because they increase hatching
survival by overwhelming predatofBritchard 2007)but after somdrne the quality of
the sand environment becomes poor, leading to high embryo mortality, low hatchling
production, low recruitment, and population decline. This scenario may explain the
decrease in nesting females observed in Nancite during the last dgeaus=ca et al.
2009) as well as the discrepancy between historical and current locatianghafla
beachegPritchard 2007)Table 2provides data on historical records and current trends

on olive ridleyarribada beaches.
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Table 2 Estimates of histacal and current abundances, as well as trends for olive ridley
populations orarribada beaches. Information from Hoeckéit996) Evans and Vargas
(1998) Pandav et alPandav et al. 1998Panday2000) Hope(2002) Shankei(2003)
Pritchard(2007) Bernardo and Plotki§2007) Cornelius et al(2007) Honarvar et al.
(2008) Ocang2012) Plotkin et al(2012)and Valverdg€2012)

Country Beach Year of  Historical data Current data
discovery
Mexico Mismaloyé / > 20,000 females Depleted
Tlacoyunqué (1970s) each < 5,000 nests/year

Collapsed from
fishing pressure

Mexico Chacahua 20,00050,000 Depleted, irregular
(1974) trend
Collapsed from 2,00015,000
fishing pressure nests/year
Mexico Morro Ayuta No historical data ~ Stable or increasing
10,006100,000
nests/year
Mexico Ixtapilla? 1994 No significant > 150,000 nests/yea

nesting before 1994 (20082010)
Mexico La Escobilla Before 180,000400,000 Increasing until
1950 females (1970s) 2006
Declined from Now stable
fishing pressure > 1,000,000
200,000 nests in nests/year

1991
Nicaragua Boquitd/ Formerarribada Extinct asarribada
Masachapd rookeries; collapsed rookeries
Pochomit from egg harvesting
pressure
Nicaragua Chacocente/ Legal harvesting > 325,000
La La Flor projects since 1983 turtles/year
(Chacocente) and  (combined data for
1993 (La Flor) both rookeries 1993
No estimates on 1999)
effects Increasing
Costa Rica Nancite 1971 One of the largest  Depleted but stable

arribadarookeries in 2,006312,000
the Eastern Pacific > turtlesarribada
140,000 turtles/year

(1970s)

Collapsed from

natural causes
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Costa Rica Ostional 1971 200,0001,100,000 Decline from

1940s turtlesarribada historical levels
(local (19881997) Currently ncreasing
reports) Legal harvesting or stable

project since 1987  High variability:
3,500475,000
turtlesarribada

(20002006)
Panama Isla Cafas 15,00060,000 nests Decreasing
(1990s) 5,000612,000
Legal harvesting turtlesarribada
project
Suriname  Galibi Nature 1960s Arribadarookery Depleted
Reservé > 3,000 in 1968 A few hundred nests
(Eilanti) Collapsed from egg
harvesting, fishing
related mortality and
natural erosion
India Several 1708 Report by Hamilton Disappeared
beaches APr odi gi o Precursor of
of sea tortoises resor Gahirmatha
to | ay t hearribada?
betweenCunnaca
(Maipura) and
Balasore (Budha
Balanga)
India Gahirmatha 1974 Largest rookery in the 1,006100,000
world in the 1970s  turtlesarribada
Decreasing
India Devi River 1981 Considerable > 25,000 turtles in
reduction 1997
Not monitored until
the 1990s
India Rushikulya 1994 High fluctuation in 10,006200,000
numbers turtlesarribada

¥ Formerarribadarookeries that are currently heavily depleted (< 5,000 nests) or where
arribadasdo not occur anymore
ANew arribadarookery developed in the last two decades
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Several behavioral differences exist between solitary and mass nesting females.
Solitary nesters show low nest site fideli§alb 1999) and may switch between
different beacheseparated by dozens to hundreds of kilometers within a single nesting
seasor{Schulz 1971; Tripathy and Pandav 2Q@8pnverselyarribada nesters generally
show high site fidelity and remain close to the nesting beach during the entire season
(Pandav eal. 2000) Arribada nesters show larger relative clutch sigemtkin and
Bernardo 2003; Kumar et al. 201&)d higher multiple paternity leveldensen et al.
2006) Moreover, the internesting period is longeainbada nesters (28 days) than in
solitary nesters (14 day@yritchard 1969; Kalb 1999)

Some of these differences have been proposed to be adaptive. The larger clutch
size inarribada nesters might be an additional adaptation for predator satiation, or a
conequence of differential energy requirements between the two strategies. Given that
solitary nesters travel during the internesting period vdriidada nesters remain
relatively inactive, the latter likely have more energy available to allocate for
reproduction. As previously discussed, the high multiple paternity rates may be also a
selective advantage afribadabehavior. Likewise, longer inteesting periods would be
advantageouat arribada beaches for several reasons. First, they may help nesting
sychronization, by Awaiti ngcmfdletedgg as many
development and be ready to nest at dft@@mann et al. 2002PDlive ridleys have, in
fact, the capacity to modify the length of the intsting period, as demonstrated by a
groupof nesting females from Nancite which in 1991delayed oviposition for 63 days in
response to a period of heavy rainfall, and emerged synchronously after the rain ceased

(Plotkin et al. 1997)Second, longer inteesting periods may reduce the destructive
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effects that nevarribadascause on previously deposited seBecause the incubation
period for olive ridleys takes an average of 55 days, nests fromrobadaare in risk of
being dug up only during the following one, whereas if the met&ing periodvas 14

days each newarribadawould affect nests from several previous nesting events. Third,
intemesting periods of 28 days may well reduce thermal interference between nests from
successivarribadas In high-density nesting sites the temperature iaseethat each nest
experiences due to metabolic heating affects neighboring (Mastsany etal. 2012;

Duran and Dunbdn prep), and may cause low hatching success and decrease hatchling
fitness if temperatures become excessively high. Metabolic hestsudpstantial mostly
during the second half of the incubati@roderick et al. 2001; DeGregorio and Williard
2011; Damazo 2014nd thus, the periods of high metabolic heating ofawibadas
separated by 28 days shoblel less likely taverlap.

The differences between solitary and mass nesting olive ridleys have been
considered large enough to classify thesdistinct Management Units, even when they
share the same general nesting §véallace et al. 2010However, recent data suggests
that thedistinction betweemrribada and solitary nesters is not as sharp as it may first
appear. Some females are known to use a mixed strategy, switching between mass
nesting and solitary nesting, even during a single nesting s@&sin1999; Bernardo
and Plakin 2007) Solitary females from Australigdamel et al. 2008\nd Brazil(Matos
et al. 2012showed internesting periods longer than expected, and the latter also showed
high nesting site fidelity typical arribada nesters. Plot et al2012)found reproductive
synchrony and long internesting intervals (28 days) in a smalandmada population in

French Guiana. On the other hand, low site fidelity has been reportadif@da

34



females recorded nesting alternately between different rosk@aenelius and Robinson
1985; Pandav 2000; Tripathy and Pandav 20G8)en the temporary nature afribada
beaches, some of these intermediate behaviors may reflect residuals from previous
arribadasor the initial steps in the formation of newibadabeaches. In any case, the
behavioral and physiological flexibility of olive ridleys allows thenc#pitalize orthe
ephemeral advantages of mass nesting and to safteréts eventual collapse. The
ability to move between beaches, to alter the lenfithe internesting period, and to
switch betweemrribada and solitary behavioral modes are crucial adaptations that may
assist in colonizing new areas when this hapgénpathy and Pandav 2008; Duran et al.
2015) Figure 2brepresents the reproductigelymorphism of olive ridleys suggested by
Pritchard(2007) with the life cycle ofrribadabeaches and its connection with solitary
nesting, including the two fitness peaks described by Bernardo and RRRIn)
Thearribada behavior has been the focus of many research projects on olive
ridleys for several decades, but important questions remain unansweredrrivaglas
are only performed blepydochelysea turtles is still a mystery, given that other species
also show refductive aggregations but have never evolved synchronous nesting.
Experimental evidence is lacking on the actual benefiggrdfada vs solitary nesting.
Arribadanests are supposed to suffer less relative predation and yield fitter hatchlings
than solitay nests, but these hypothe$ewe yeto be investigated. The specific role of
Rat hkeds glands in nesting synchronization
other physiological mechanisms, such as the specific mechanisms olive ridleys use to
dday ovoposition at will. Recent studies on nest environment and hatching success in

arribada beaches provide information that may be used to generate useful mathematical
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models of the life cycle adrribadabeaches in ecological time, and genetic andlgatel
tracking studies may enlighten the relationship between neighboring solitary and

arribadapopulations.

Human Interaction with Olive Ridleys: History of Use and Abuse

Sea turtles have been utilized by humans since prehistoric times as a source of
food and other goodd$-razier 2003)The first records of olive ridley exploitation in the
Eastern Pacific date back to 5,500 years before present, and it has been suggested that
this ancient use affected numbers, densities, and geographic distributions with
consequences that still pergiBtazier 2003; Spotila 2004) he reproductive behavior of
olive ridleys makes this species highly vulnerable to human overexploi(@wonelius
and Robinson 1985; Plotkin et al. 2012he dense aggregations of males f@moales
close to the shore, as well as the gatherings of females by the thousands to lay eggs in
small beach areas, are very conspicuous. Even solitary nesters are easy targets because
they usually nest on sandy beaches and do not avoid human contacarémeniogical
artifacts and chronicles of European explorers we know thaEpi@mbian cultures
captured olive ridleys and widely used a number of sea turtle products, such as meat,
shells, skins, and egg@Blotkin et al. 2012)

In modern times, the history of olive ridley exploitation shows a parallel pattern in
different parts of its range, beginning with sustainable subsistence levels that
progressively turned into unsustainable lasgale, commercial and industrial harvesting

followed by population collapses and subsequent government regulations and protective

36



measures, which resulted in different outcomes depending on the particular
circumstances of each region.

Before the second half of the twentieth centamgst of theraditional harvest,
both of adults and eggs, was kept at sustainable subsistencdfotdm et al. 2012)
However, in the 1940s and 1950s local subsistence use was progressively replaced by
much larger commercial and industrial exploitations. Thestrél fishery that
flourished in Mexico in the 1960s replacing crocodile skins with turtle skins in the
fabrication of luxury goodilled at least 1.3 million turtles, most of them olive ridleys,
in less than two decadéBlotkin et al. 2012)In Ecuado, almost 500,000 olive ridleys
were captured and slaughtered for meat and skin from 1970 tqR@84in et al. 2012)
The total estimate for the Eastern Pacific fisheries was 2.5 million animals in three
decades, not counting the black maifdotkin @ al. 2012) In eastern India, a large
scale commercial fishery captured more than 50,000 olive ridley sea turtles each year
from the 1970s to the miti980s(Spotila 2004; Cornelius et al. 200These turtles were
consumed locally or transported by raad train to the main cities in the interior of the
country. In addition to local and national markets, India was one of the major suppliers of
turtle products for Europe, Australia and other western couririgsathy and
Choudbury 2007)In Suriname, idigenous people from coastal areas used sea turtle
products beginning in the late 1600s. However, inwentieth century, pressure on
nesting populations increased steadily due to high national and international demand for
meat and egg&Campbell 2007; Grnelius et al. 2007More than 1,500 females were
taken yearly from 1933 to 1940, which encompassed between 15% and 50% of the total

Suriname nesting populatig@odfrey and Chevalier 2004)
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From the 1930s to the 1970s, olive ridley egg harvesting edathhighest
intensity on most beaches (both solitaryanmibada) i n t he speciesd ran
rates over 90% were reported for Eilanti beach in Suriname, for many solitary beaches in
the eastern Pacific, and for several Indian nesting as@ell 2007; Cornelius et al.

2007; Plotkin et al. 2012)

As a result of the uncontrolled harvest of adults and eggs, most olive ridley
populations experienced severe declines. All histoao#bada rookeries in Mexico
became severely deplet@@lotkin et al. 2012)and several solitary beaches lost their
turtles(Spotila 2004) Two arribada beaches in Nicaragua disappeared due to egg
overharvestingNietschmann 1975pand widespread declines have been reported all
along the Pacific coast of Central Anoar(Cornelius et al. 2007)n the western
Atlantic, the Eilantiarribada beach in Suriname collaps@doeckert et al. 1996and the
nesting population of Guyana was extirpat€drnelius et al. 2007Peclines of solitary
nesting olive ridleys were regered throughout the Indi&gceann India, Bangladesh,
Myanmar, Malaysia, Pakistan, and Sri Laif€arnelius et al. 2007)Thearribada
population nesting at Gahirmatha, India, also decrease@rahddasfailed to appear
for three consecutive yeaiShanker et al. 2003)

Growing awareness by local governments regarding the detrimental consequences
of human overharvesting of the olive ridley nesting populations fostered the
implementation of different types of protective measures. Mexico banned seadgrt
harvesting beginning as early as 192ampbell 2007)When adult olive ridley catches
declined in the late 1960s, the government halted the fishery for two years and put the

industry under the control of a private firm to encourage a more suséairssbof the

38



resourcgCampbell 2007)Protection of nesting beaches also began during this period.
Although these measures likely postponed the final coll@pi#éon et al. 1995)
population numbers continued decreasing, eventually leading the Mgxeamment to
permanently close the fishery in 1990 and decree a total ban on harvesting of all species
and subspecies of sea turt{fefaflores et al. 2000)

To protect their nesting beaches, several East Pacific countries established
protected coasta@reas. Nicaragua created the ChacoeBmeEscalante Wildlife Refuge
in 1983(Stewart 2001)and Playa La Flor was declared a wildlife refuge in 1®8fpe
2002) Isla Cafas, in Panama, was magart of the Panama National Wildlife system
(Plotkin et al 2012) One measure common to some countries, such as Nicaragua and
Honduras, was the establishment of a yearlymamvesting period oreda(the Spanish
word for fAclosureodo), coinci (Mnarik1986i t h t he
Campbell 2007)

In Costa Rica, the harvest of sea turtles and their eggs has been prohibited since
1966 under the Wildlife Conservation Law 4%6ampbell 2007)and similar measures
have been implemented worldwide. Suriname protected some of their nesting beaches
beginnng in 1954, when the Game Ordinance and the Nature Preservation Ordinance
came into force. In 1969 Eilanti beach was declared a natural reserve and a complete ban
on egg harvesting began to be enforced in X@&inpbell 2007)The Indian Wildlife
(Protecton) Act of 1972 stopped the national trade of olive ridley products in India since
1977, when all species of sea turtles were included in the Schedule | of tliigi(zathy
and Choudbury 2007)n addition, three Indian National Parks and Sanctuaries,

Bhitarkanika Wildlife Sanctuary, Bhitarkanika National Park, and the Gahirmatha Marine
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Wildlife Sanctuary, included sea turtle conservation goals. In the state of Orissa specific
conservation measures were implemented, such as effective beach protection at
Gahirmatha and the decl aration of offshore
(Patnaik and Kar 2000)

In addition to developing domestic laws geared toward the protection of olive
ridleys and other sea turtle species in their territories, most coumcame signatories
of international agreements, such as the Convention on International Trade in Endangered
Species (CITES) and the Convention of Migratory Species of Wild Animals (CMS), both
of which grant sea turtles the highest levels of prote¢®chardson et al. 2006)

This wide array of protective measures instituted over the last four decades has
resulted in a number of different outcomes. For the species as a whole, the population
appears to be increasing. In fact, the status of the olive sdieyurtle on the IUCN Red
List was reviewed in 20Q0Aand changed from Endangered to Vulnerable because of these
increasing number@breuGrobois and Plotkin 2008Yhe estimate for the current
world population of olive ridleys is about 2 million nestiegnales and more than 4
million individuals including males and juveniléSpotila 2004) For an estimate of the
Eastern Pacific populatipiguchi et al(2007)used aerial surveys and calculated
approximately 1.4 million animalDespite these seemindbrge figures, current
abundance is well below historical levels, which estimate 500 million turtles-in pre
Colombian times, and about 10 million for Mexico alone prior to {Sptila 2004)

When considering individual populations, some are cleadheasing. There are
even reports of a nearribadarookery developing on a Mexican beach with no historical

record of hosting olive ridley nestir{glotkin et al. 2012)One encouraging example of
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population increase due to successful protective measuttes iookery at La Escobilla,
Mexico. The number of nests at this nesting site rebounded from 55,000 nests in 1988 to
more than a million in 2000, and the annual frequen@rmbadashas doubled since the
fishery was close@Plotkin et al. 2012)The number of nests in Brazil has shown a
significant upward trend during the last two decg@sdfrey and Chevalier 2004)
allegedly due to the conservation efforts of the NGO Projeto TANBAWMA (the
Brazilian Sea Turtle Conservation Progrgiba Silva et al2007) Increasing trends have
also been reported for the two Nicaragaambadabeaches, Chacocente and La Flor,
(Plotkin et al. 2012and for the French Guiana populatittelle et al. 2009)Three
causes have been suggested for the increase in #reckde: longerm conservation
efforts, movement of females from the neighboring Suriname population, and past
underestimates due to poor beach monitofitelle et al. 2009)

Despite all these optimistic data, olive ridleys are not increasing in a$§ afe
their range. In some sites where protective measures have been in place for decades,
populations have not recovered or are still decreasing. Except La Escobilla, all other
former Mexicararribada beaches remain depletédarquez et al. 1998; Plotkiet al.
2012) and the populations at many solitary beaches in the copesist at low levels
(Abreu-Grobois and Plotkin 2008).ikely reasons for this situation are the current
unsustainable levels of active turtle hunting and egg poaching inflictedrapst olive
ridley populations despite the ban and the supposed protection of nesting beaches
(Castellanos Michel et al . 20He3ituatiddanr céa et
coastal West Africa is even more severe. The lack of basic data anchistesting

makes it difficult to assess the actual impact of human harvest of olive ridleys in this
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area, but egg harvest and slaughter of nesting females are widespread, and the decline of
most populations is evide(ftornelius et al. 2007)In Indiaand throughout the Indian

Ocean, most olive ridley populations are also declining. Although egg poaching
(Bhupathy and Karunakaran 2003; Tripathy and Choudbury 20@¥V¥$ome adult

exploitation for meat consumptigMohanraj 2011}till exist, the main case for the

ongoing decline in Indian waters is the high rate etatch in mechanized coastal

trawler fisheriegShanker et al. 2005)

Beach Conservation Strategies and Management Techniques

During the last 50 years, olive ridley nesting populations baea subjected to a
large variety of management policies, from indiscriminate use of adults and eggs to strict
protection. This section provides a review of past and present conservation strategies and
management techniques applied to olive ridleys ih boibada and solitary beaches.
The relative success of each approach is briefly assessed, as well as the advantages and
shortcomings related theirimplementation. Note that these strategies and techniques
are not all mutually exclusive, and thus mtiran one have beeor might be applied

simultaneously to a specific population.

Adult Exploitation
The harvesting of adults from nesting beaches and offshore reproductive
aggregations has been justified as a valid management strategy within the sustainable use
approach to conservatigRritchard 2007)Theoretically, it is possible to take a number
of individuals from a stable or increasing natural population without causing ecological

damage if the harvest is low enough to ensure-teng sustainabilityCampbell 2002)
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However, taking into account that sea turtles are-lovagl, slow maturing animakhat
undertake long migrations and suffer several threats throughout their life cycle, it is
difficult to assess the exact number of animals that may be safely ex{fdeiesland
Reynolds 2001; Campbell 2002)jo our knowledge, no modeling has been &opto

olive ridley populations to evaluate the possible consequences of adult exploitation on
population dynamicsyet such models on other sea turtle species have shown that
increasing adult mortality, even in relatively low amounts, could severelyehrdat

future of some populatior{(€rouse et al. 1987; Heppell 1998; Chaloupka 2002)
Historically, exploitations based on adult captures, such as the industrial fishery
developed in Mexico in the 1960s and 1970s, had severe consequences for olive ridley
populations, causing heavy declines and depleti@arrdfada beachegAlava et al.

2007) The genetic bottlenecks caused by this depletion modified the allelic frequencies
and altered the genetic pools of several olive ridley populations in the (&gpdriguez
Zarate et al. 2013Even if it were possible to calculate a sustainable harvest rate and
have the means to enforce it, a general consensus against the exploitation of adult turtles
exists among sea turtle expgi@ampbell 2002)and most domestiegulationgPatnaik

and Kar 2000; Campbell 200&hd international agreements regarding sea turtle
conservatior{fRichardson et al. 2008pecifically forbid this practice. Currently, the
harvest of adult turtles is excluded from most olive ridley conservarograms, with a
yearly estimate of less than 300 animals total which are legally hunted in countries that
still allow direct take of sea turtl€slumber et al. 2014)Unfortunately, the use of sea

turtle meat is deeply rooted in some traditionaluel$, and the illegal take of olive
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ridleys for human consumption continues at high rates in several parts of their range

(Koch et al. 2006; Cornelius et al. 2007; Mohanraj 2011)

ControlledEgg Harvesting inArribada Beaches

To extract a portin of the eggs frorarribada beaches and use them for human
consumption has been justified from a conservation standpoint due to the high embryonic
mortality rates typical for these beacli€srnelius et al. 1991)The best known example
of implementatiorof this strategy is the controlled egg harvesting program in Ostional,
Costa RicgCampbell 1998)Local residents are allowed to harvest eggs during the first
36 hours of eachrribada, as the majority of those eggs would be destroyed by the
digging of siccessive nesting turtles. The harvesting proaedthe commercialization
of eggsareundertaken by a community association, which also organizes activities to
enhance sea turtle conservation, such as beach cleanups, hatchling liberations, and beach
patolling to discourage illegal egg harvesting. The economic profits of the project cover
government taxes, operating expenses, wages for 200 associates, and funding for
community projects. The program remains controversial among the sea turtle community
becaise it encourages consumptive (Gampbell 2007and because some doubts exist
about its longterm sustainabilityValverde et al. 2012However, the sea turtle
population at Ostional appears to be stable or increéSimaves et al. 2005and
hatchingsuccess is higher in harvested areas than irdistarbed area@viehta et al.
2000)

Other egg harvesting strategies have been tried in Nicaragubada beaches
(Campbell 2007)vith lower levels of success than the Ostional program. In a

comparative widy, Hope(2002)concluded that the high level of community participation
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and the structured system of commercialization in Ostional encouraged conservation,
whereas the lack of organization and infrastructure in Nicaragua promoted

overexploitation.

Traditional EggHarvesting and Protected Periods (Vedas)

International agreementsuch as the Convention on the Conservation of
Migratory Species of Wild Animals (CMS) and the Infemerican Convention for the
Protection and Conservation of Sea TurtlégX), pursue complete protection and total
banning of the use of sea turtles, eggs, and any other turtle prédykis 1999;

Richardson et al. 2006 owever, the text of such agreements provides exceptions to

satisfy the economic needs of traditional subsistence (Rietsardson et al. 2006 he

signatory countries have the responsibility to incorporate the requirements of the

agreements into theitomestic legislation, butterrssichasi s ubsi st ence needs
Atraditional communitieso are not <clearly
interpretations. In Malaysia, for instance, a percentage of eggs is transferred to
hatcherieswhile the restare legally marketed by license€Shanker and Pilcher 2003)

To satisfy the needs of coastal communities, several Central American countries
allow variable levels of egg harvesting. A common conservation measure is to ban egg
harvesting during specificgpiods of the year callededas(Cornelius et al. 2007 he
length of these periods, the level of enforcement, and the specific ways the protection is
implemented vary among countries. The protected period in Nicaraguaskiemduly
1%tto January 3% The nests remain situ, and the levels of illegal harvesting are high
(Hope 2002) In Honduras, theedaperiod only encompasses the first 25 days of

September, coincident with the peak of the nesting season. The main nesting beaches are
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protected byhe military, and local communities participatecollecting the eggs and
relocating them to hatcheriéBunbar and Salinas 2008; Dunbar et al. 2010)

The effectiveness of these types of conservation measures has been questioned
due to the low percentagf eggs effectively protected in most cases (12% in Honduras,

10% in Guatemala, less than 1% in El Salva@®pptila 2004)

Strict Protection

Only a few olive ridley nesting beaches are completely protected from human
disturbance. One of thegePlaya Nancite, a remotekin beach included in the
Guanacaste Conservation Area (Santa Rosa National Park) in Costa Rica. Despite total
protection from harvesting since the 1970s, the number of nests at Playa Nancite has
shown a steady decline for mdhan 20 yearéValverde et al. 1998; Fonseca et al.
2009) The alleged reason for this decline is a very low hatching success caused by a poor
nesting environmer{fonseca et al. 2009lthough fishery related mortality may also

have contributedSpotila2004; Pritchard 2007)

Hatcheries
The option that provides the least amount of disturbance to natural nesting
processes is always recommended when managing nesting beaches, and thus to keep
negsin situ is preferable toelocating themMortimer 1999) However, transferring the
eggs to a hatchery is a common practice when nests on the beach face high risks of being
destroyed by natural or anthropogenic caybtstimer 1999) The use of hatcheries on
olive ridley solitary nesting beaches has been teddhroughout their rang&ilas and

Rajagopal an 1984; Garcéa et al. 2003; Spot
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et al. 2007; Dunbar et al. 2010; Maulany et al. 20k@) its contribution to population

maintenance or recovery varies widéBornelius et al. 2007 Hatchery management is

often deficient and tends to cause a decrease in hatching success respective to normal

values for naturalnes(sEc kert and Eckert 199a200Garcéa e
Duran and Dunban prep. In addtion, rdocation of eggs to hatcheries is known to alter
incubation temperaturé®eGregorio and Williard 2011; Sieg et al. 20DLyran and

Dunbarln prep), potentially affecting both the sex ratio of the hatchlings as well as the

length of thancubationperiod. Converselyf both the translocation process and the

hatchery environment are carefully monitored, it is possible to closely reproduce natural
conditions, minimizing negative effects and achieving high hatching success rates

(Garcéea et al. 2003)

Headstarting

Headstart programs for sea turtles consist of keeping hatchlings in captivity for
variable periods of time, ranging from a few days to several months, and releasing them
afterwardgqPritchard et al. 1983 he rationale for these prograrsgé spare the
neonates from the large array of threats that jeopardize them during the hatchling stage
and thus increase their chance of surviawen et al. 1994Headstarting as a practice
is limited to those specidacking or providing minimal paratal care (Escobar et al.
2010. The most famous sea turtle headstart program took place from 1978 to 1992 on
Padre Island, Texas, as part of an ambitious project to saliggtiigd e c i mat ed Ke mp
ridley sea turtle population from extinctioBowen et al1994; Shaver and Wibbels

2007) The value, success level, and consequences of this program remain controversial
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(Allen 1990; Woody 1990; Woody 1991; Allen 1992; Shaver 1996; Shaver and Wibbels
2007; Shaver and Rubio 2008)eadstarting is not a widespdearactice in olive ridley
management, but it has been reported from hatcheries in Sri (Eisklall and Wilson

2005) Peru(Kelez et al. 2009)outhern ThailandChantrapornsyl 1992nd Honduras

(Dunbar 2011)These types of programs are usually initiated by-imédinded persons,

yet with little knowledge of sea turtle biology. Studies on headstarted green and

hawksbill turtles suggest that headstarting may alter the natural behaviors and movements
of the anmals(Okuyama et al. 2006; Okuyama et al. 200l)ese data, along with the

lack of evidence on actual succ€Bsrran Ross 19993uggest headstarting is not

recommended.

Community Based Conservation

Community Based Conservation (CBC) refers to conservatitiatives designed
to simultaneously promote nature preservation and human development by actively
involving local communities during all stages of the prof&etlert et al. 2000;
Campbell and VainiMattila 2003) Although the concept of CBC appsavidely in
current sea turtle literature, it has not always been properly used. CBC often refers to
projects with differing levels of participation by local people, but true CBC requires that
local communities be involved in the entire decismaking pocess and aims to
eventually turn management rights of the traditional natural resources over to the
communities. Campbe{R002)found that most sea turtle experts were reticent to assign
rights for resources to the local people and opposed allowingdbetrol over resources
and their management. This attitude is reflected in many sea turtle conservation projects

that only incorporate local people for specific tasks whereas the design, implementation,
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and management of the project rely on NGOs or goventathagenciefDe

Vasconcellos Pegas 200@9ne example of a true CBC project with high participation of
the community and successful outcomes both for sea turtle conservation and for human
development is the previously described egg harvesting progr@stiahal, Costa Rica,
(Campbell 1998)Another conservation initiative focused on olive ridleys that meets the
expectations of CBC is The Sea Turtle Conservation Program (PROTUMAR) in Oaxaca,
Mexico (Barragan 2012)This program is operated by the Netwtwk Oaxacan Coastal
Wetlands, a regional organization created and managed by community groups interested
in nature conservation. PROTUMAR involves approximately 50 people from 5
communities located on nesting beaches, which run turtle camps and cdreacit
patrolling, egg relocation to hatcheries, hatchery management, and hatchling releases.
From 2005 to 2010 this program protected almost 4,000 olive ridley nests and released
more than 190,000 hatchlings, whereas before the program started almosif168%

nests were poachgdannini et al. 2011)PROTUMAR also organizes ecotourism

activities, but the financial benefits do not suffice to cover the living costs of the families

involved in the projecfVannini et al. 2011; Barragan 2012)

Non-Consumptve Use (Ecotourism)

Several sea turtle conservation projects aim to obtain economic profit for local
communities by using the resource in a4tonsumptive way, i.e. one which does not
involve the extraction of the animals or their eggs from the ecosy$tepreferred
option is turning these coastal communities into ecotourism destinations. Some examples

of olive ridley conservation projects based on ecotourism and otheromsamptive
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uses are The Sea Turtle Conservation Program (PROTUMAR) in OaxaxapMe
(Barragan 2012 iscussed in the secti@ommunity Based Conservatjand the

TAMAR -IBAMA project (the Brazilian Sea Turtle Conservation Program) in B(&gl
Vasconcellos Pegas 2009he TAMAR-IBAMA project is a cooperative effort between
the Brailian Government and a ngurofit organization, which promotes ecotourism and
other alternative sources of income for the coastal communities formerly dependent on
sea turtle products. In 2007 TAMAR was providing jobs for more than 1,000 people,
85% of tlem coastal community residents.

It has been suggested that ecotourism yields higher economic benefits than direct
resource exploitatiofCampbell 2002; Tisdell and Wilson 2005t that it may not be a
viable alternative for specific sit¢@enman 2001)Additionally, the development of
ecotourism projects has some environmental drawbacks that must be taken into account
(Campbell 2007; Meletis and Campbell 20049 they may require compromises in
management practices that are potentially harmful foptbeected species. For example,
tourismbased olive ridley hatcheries in Sri Lanka hold hatchlings in small artificial sea
water ponds for several days in order to show them to the to{iristiell and Wilson
2005) This is highly detrimental because Hdiiegs exhaust the energy reserves needed
for offshore migratiorfMortimer 1999)

Which of these strategies should prevail in olive ridley management policies is a
current topic of debate among the sea turtle community. Especially controversial is the
issue of sustainable consumptive usiace most sea turtle experts do not view
consumptive use favorab{ampbell 2002; Spotila 2004Although egg harvesting is

better tolerated than the taking of adults, the majority of sea turtle biologists would prefer
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to eliminate even successfully controlled egg harvesting programs and instead promote
norrconsumptive uses, such as ecotouri@ampbell 2002) Uncertainty regarding the
actual impact of harvesting prograf¥alverde 1999; Valverde et al. 2018)a comma
argument used against them, but according to Cam(@@€ll)this attitude could be

based more on philosophical preconceptions than on actual conseregdied facts.
Nevertheless, some scholars within the sea turtle community are open to consusgtive
as a viable conservation strategy for specific céSampbell 1998; Campbell et al. 2007;
Godfrey et al. 2007; Mrosovsky 201@ue to its worldwide abundance andatsbada
behavior, the olive ridley sea turtle is probably the best candidateclouse, although

the actual viability of the strategy would require a careful assessment onlay-azse
basis(Godfrey et al. 2007)Mrosovsky(2010)suggestdthat an enhanced management

of arribadabeaches designed to increase hatching success wouldgan excess of

eggs useful for both serving the needs of the local communities and strengthening the sea
turtle population.

Another issue of concern regarding current conservation strategies is the
extremely high rate of illegal harvesting, both of§g@nd adults, that takes place in most
of the olive ridley range despite extensive nesting beach protection efforts and domestic
and international regulatioriSeminoff et al. 2012)This illegal harvesting is likely
hampering the recovery of several mggteachegKoch et al. 2006)Several factors
such as the high economic revenues yielded by the sale of sea turtle products, family and
community tradition, lack of viable economic alternatives, low risk of punishment, and
government corruptigrhave been identified as key motivators for people to engage in

such illegal behaviofMancini and Koch 2009; Mancini et al. 2011; Tanner 20AB)
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additional factor reported by Senko et(@0l1l)was t he peopl ebs | ack o

turtles are actuly endangered.

Conclusions

The olive ridley sea turtle is the most abundant and least endangered of all sea
turtle species, with a current estimated population of more than 2,000,000 nesting
females around the world. The generalist habits of eidieys, along with their high
behavioral and physiological flexibility, have allowed this species to adapt to a variety of
different habitats, to respond to changing environmental conditions, and to remain
resilient after severe population declines. Hogreweither its abundance nor its high
adaptability makethe olive ridley invulnerable to anthropogenic threats. In fact, in
recent history its special mass reproductive behavior facilitated such overexploitation that
several nesting populations have ggaared, and many others remain depleted today.

Because of its high abundance relative to other sea turtle spEeudass
conservation status recently downgraded to Vulnerable on the IUCN Red List, the olive
ridley sea turtle is of low priority on the mgervation agenda of many countries and
conservation agencies. This translates into scarce funding both for research and
conservation, and low political priority regarding effective enforcement of conservation
laws and habitat protection measufetkin 2007) As a result, current levels of illegal
egg harvesting and adult hunting are extremely high throughout the range of this species,
and neither the means for enforcement nor the political will to address the problem exists
in most cases.

Thissituatim does not bode well for olive rid

Learning TheoryBandura and McClelland 197 Ayhen everyone breaks the law, illegal
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behavior becomes socially acceptable. Moreover, local communities feel the legitimacy
of engaging inllegal behavior when they perceive conservation regulations as unjust,
externally imposed, or arbitratilancini et al. 2011)Many olive ridley rookeries are
located in areas of extreme povefftiope 2002; Mrosovsky 2010nhere local people

have histoally relied on the use of sea turtle products as part of their traditional diet or
as an important source of incorftdope 2002; Campbell 2007; Cornelius et al. 2007)
Therefore, restriction laws usually generate strong rejection and lack of compliance
(Mancini et al. 2011)

In light of the shortage of resources and the fact that intervention by government
agencies is unlikely, any significant enhancement of olive ridley nesting beach
conservation will depend on the involvement of those living in closamity to the
rookeries. The common patterns of severe human poverty and high levels of illegal
harvesting present in many olive ridley nesting regions suggeshéahly way to be
successfuin conservation is by providing some type of benefit to hugnas well.

Although the high diversity of countries where olive ridleys nest makes it difficult to
design a unique conservation protocol that could be used along their range, a general
strategy based on CBC would be widely applicable. In order to bessfigiceéhe main

goal of suchastrategy should be simple: to improve the current situation for each nesting
beach regarding both sea turtles and local people.

The ideal for most sea turtle conservationists is to eventually turn poachers into
protectors ad locations of egg exploitation into ecotourism destinations. However, this is
not always feasibleand when possible, requires high financial investment and a long

term project. Likely, a more realistic strategy would be to focus efforts on optimizing
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reources currently available, both financial and human, to obtain even slightly better
conservation results in each nesting beach.

A detailed elaboration of a general strategy to improve olive ridley conservation
in nesting beaches is providedFigure 3. This strategy has been designed asstafe
process: assessment, analysis, planning, implementatidrevaluation. CBC defining
features have been incorporated in every step of the process.

During the analysis stage, it is important that the spealifjectives are not overly
ambitious. Some examples of feasible objectives are to increase the number of local
people involved in conservation, to reduce the levels of illegal harvesting, and to increase
hatching success in hatcheries or beach protected.ar

Given the generalized consumption and commerce of olive ridley eggs still
present in many countries, it is recommended that the planning and implementation
stages contemplate some levels of consumptivafusecessary. This approach, likely
challengng for most sea turtle conservationists, has several advantages. Allowing
sustainable levels of consumptive use shows respect for the traditions and culture of the
local communities, which become a common source of conflict when ig(©agdpbell
2007) Moreover, communities that view sea turtle eggs as-teng profitable
resources under their responsibility will have an incentive to protect turtles and beaches,

and to help enforce conservation regulati@viancini et al. 2011)

54



GS

Boththe biological/ecological andthe social context must be carefully assessed

er of nests loid

wber of remaining nests (afte gol harvesting, and noturel destruction)

- Hotching success rotes

o List all possible waysto improvethe
to natural threats (an L

current situation.

Continuous meniteringand
periodical evaluation followingthe toward conservation

i i i . - Mest franslocotion ® tohens
time frames establishedinthe goals - s of hunting and poaching (amounts or % of eggs ond adults taken) Nest transiocation to @ hatchery
- Beoch monitoning to prevent

mortolity &

| predation, erosion, dens

are pivotal. Quantitative and - Mumber or pereentoge of peopls in the community taking odvantage of sea turtls products )
qualitative assessments of the - Economic benefits of egg commerce (amount and distribution in the communi pL?rf:hmg“ )
achievementlevels are necessary. - Locol regulation regarding seo turtle protection and use - Iviore hat r techniques
- Periodical meetings with the : - Current manag t strategies an hniques bl ach -OT"--"D"

g5 to discuss - Current budget for conservation predator control, nest

slocation of nests at risk)

and r'm'bu

.\,-rom ances.

v erganization (harvesting,
. beoch protection ond other

- sigws with the p
1. ASSESSMENT
Of the current situation
What is the situation right new?

various tasks.
- Ql“‘s.lonnr'm‘s to oss

rce

rtional compaigns to encourage

Dn conservation
tto II’."upl"lJL":"

€ resou
5. MONITORINGAND 2. ANALYSIS i
EVALUATION b Of possible improvements : ‘ ""::":'i‘p i,
uninten How did it work? How could it be improved? paying the military to protect the bea 'r"
fi: from pooching)
sLravEdy. . - Additionalways of funding CBC
Results of evaluation must be used ﬂ l ﬂ JTI,ID.FFIHF Dl r‘E‘I-r-TL:-,
. . projects {grants, microcredits, etc)
to update information and correct - Incorporation of additional sou
the strategy at the different steps 4. IMPLEMENTATION 3. PLANNING income thot ore not dependent on
{blackarrows). Of the plan <— Of specific improvement actions consumptive use
Let’sdo it What can we actually do?
Implementation must also follow CEC guidelines. The local community should Planning should actively invelve the local community. Together, review the list of
be incorporatedinto the entities in charge of the project, firstin a co- possible improvements and choose thosethat appearmore feasible. Establish
management situation but progressively, they mustto be trained and specific objectivestobereached (i to increose the num sosed hatchlings by
empo---eredto assumethe maJont,.' ofthe management decisions. 20% . to eliminote illegol poaching, to distribute the economic b~*r~..|.5 better within the

wnity, st Research must always be included as part of the action plan.
Itis also importantto agree on the levels of community participation

- How many people in b
- How to orgonize ond control the horvesting ond beoch protection tosks

g to engage in other conservation initiatives (beach clean-u

tatives de com

lect its repre:

wocratically, but indudin

=

wswall such as wom

- .:s.r'busP1 rules ond pe

community are willing to porticipots

tosks, dedication time, woges, sto
have to |
goals for -“r"P‘ of the actions

=rform

- ’s.‘r.'bu'u'sh n.:‘:r‘mmsn.; to solve situations D_. conflict - Explore alternative s




(o]

Figure 3. Management strategy for Olive Ridley rookeries, based on sustainable consumptive use and Community Based Conservation
(CBC).The central part shows the general steps. The outer part elaborates on the steps and presents examples (italicg)ecifpply in
situations.



To prevent past failuresuch as consumptive use programs resulting in
overexploitation othe population, continuous monitoring of the project and periodic
evaluation of biological and social outcomes are crdalverde 1999)The careful
application of enhanced beach management techniques is expected to yield increased
hatching success aath excess of usable eg@drosovsky 2010)but even if the number
of released hatchlings remained stable, to engage local communities of former poachers
in a coordinated conservation work within a legal framework would be a successful
achievement in itself

Those who see neconsumptive use as the ideal can apply this strategy as a
temporary middle step that may aid in turning local community attitudes more favorably
toward sea turtle conservation. Other actions, such as educational campaigns and the
promdion of alternative noitonsumptive conservation activities should be also carried
out(Valverde 1999)If the development of a nezbnsumptive project based on
ecotourism is the final goal, some tourism activities may be implemented simultaneously
with the egg harvesting program. Although consumptive use and ecotourism are often
presented as incompatible, several examples exist both outside and inside the sea turtle
field supporting their effective combinatigileletis and Campbell 200.7Additional,
morecreative initiatives can also be sought in order to foster the transition towards non
consumptive uses. For example, Se(@@09)investigated what the effects on sea turtle
meat consumption would be if physicians informed their patients of the healtBmsob
related with such consumption, and Nichols and Pa{@@56)requested that Pope
Benedict XVI state that sea turtle meat is not fish in order to reduce its generalized

consumption in some countries during the Christian season of Lent. The positive
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influence that religious teachings can have on sea turtle conservation has been previously
demonstrated. In the mitP80s sea turtles were reclassified from haatrhittedfood)

to haram (prohibited food) in the Islamic teachings. After that, turtle haamest

consumption decreased significantly in some coungitesrae and Whiting 2014)

This paper has reviewed the characteristics of olive ridleys that make them unique
among the sea turtles, as well as how these characteristics have modeled thehiplations
between humans and olive ridleys through ancient and modern history. Diverse
management techniques have been discussed and a general strategy suggested for
improving conservation in nesting beaches. The question, however, remains: Are these
efforts wothwhile? Why should we care for the most common and least endangered sea
turtle species? There are several reasons why studying and conserving olive ridleys is
important:

First, the olive ridley is one of the least studied species among sea turtles
(Bjorndal 1999) Little is known about the oceanic part of its life cycle, and a number of
guestions abouwrribada behavior still remain unansweré@ernardo and Plotkin 2007;
Plotkin 2007; Plotkin 2007)uture studies on this species might yield valuable
information on sea turtle evolution, physiology, and adaptability to environmental
variation and climate change.

Second, due to its morphological and behavioral similarities with its congeneric
species, the Kempo6s ridl eylverdleysasaproxp st udi
for this more endangered species, providing useful information for its protection and

conservation.
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Third, despite its abundance and high resilience, past human overexploitation has
driven several olive ridley populations to thenirof extinction. Continuous research
aimedatinforming and improvng conservation measures may prevent this from
happening again.

Fourth, the presence and abundance of olive ridleys in tropical nesting beaches
coincident with areas of high human malnourishment and poreterthis species and
its eggs a valuable food resource for many human populgiMnesovsky 2010)
making itcrucial to assess whether a sustainable-teng use of this resource is
possible, and what type of use or uses would be acceptable.

Finally, the wide nesting range of the olive ridley and its high abundance on
nesting beaches makes this species espeaiaessible to human contact. Olive ridleys
may thus be used as a flagship species to promote the conservation of all sea turtle

species and their habitats, as well as marine ecosystems in ¢enezar 2005)
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Abstract

Females of dlseven living species of sea turtles are known to be polyandrous and
show multiple paternity. The frequency of multiple paternity varies among species, and
among populations of the same species. In the olive ridley sea aplielgchelys
olivaceg, multiple paternity levels correlate with the abundance of individuals in the
mating system, being much higherarribada (mass nestingjokeries than in solitary
nesting sites. We used two highly polymorphic microsatellite markers (Cm84 and Orl) to
assess the level of multiple paternity in an olive ridley solitary population nesting in the
Gulf of Fonseca, Honduras. We found evidence of multiple paternity in 6 out of 8
clutches (75 %), with a minimum number of two fathers in four clutches, and a minimu
of three in the remaining two clutches. This high level of multiple paternity in a small
solitary population suggests that some of the females nesting in Honduras may be coming
from proximal Nicaraguaarribada nesting beaches. Historical evidences aunt
satellite telemetry data support this hypothesis. In addition, we show that multiple
paternity studies can be effectively performed in the absence of maternal samples, and
that pooled DNA samples can be used with results comparable to individudirttatc

sampling in multiple paternity analyses.

Keywords microsatellites|epidochelys olivaceanaternal samples; pooled

samples; nestite fidelity; interbeach movement
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Introduction

To make effective management decisions and improve current catiser
projects on nesting beaches, it is important to accurately estimate population size,
population structure, and reproductive behavior. In populations where polyandry occurs,
multiple paternity influences the effective population $&2egg and Chess&994)and
the genetic variability within a populatigBaer and SchmitHempel 1999) Multiple
paternity studies yield valuable information regarding mating patterns, and help in
understanding population structydensen et al. 2006Recent studies hawshown
evidence of multiple paternity in all sea turtle species: gréaelpnia midas
(FitzSimmons 1998; Lee and Hays 200#)ggerheadGaretta caretta (Moore and Ball
2002; Zbinden et al. 200lpatherbackermochelys coriaceqCrim et al. 2002;
Stewart and Dutton 201,1hawksbill Eretmochelys imbricajgJoseph and Shaw 2011)
flatback (Natator depressygTheissinger et al. 2009live ridley (epidochelys
olivaceg (Hoeckert et al. 1996; Jensen et al. 20D6) d K e mp Gepidochelysl ey (
kenpi) (Kichler et al. 1999)with high inter and intraspecific variabilityUller and
Olsson 2008)In the case of olive ridleys, Jensen e{2006)showed that multiple
paternity strongly depends on reproductive patterns,avitbada nesters showing noi
higher rates than solitary nesters. They suggested that the frequency of multiple paternity
depends primarily on the abundance of individuals in the mating system, and calculated
the relationship between population size and multiple paternity levelsefgenus
Lepidochelys.

Because of their abundance, high polymorphism content, codominance, easy
detection, and transferability among studies, microsatellites are ideal molecular markers

for paternity studiegAggarwal et al. 2004)For assessing multipfgaternity in sea turtle
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clutches, it is not unusual to analyze both the mother and the offspring. Once the maternal
alleles for each microsatellite marker have been identified in the hatchlings, the

remaining alleles constitute the paternal contributMualtiple paternity can be inferred

in egg clutches laid by a single mother from the presence of more than two paternal
alleles, with three alleles meaning at least two fathers, and five alleles meaning at least
three fathers. The analysis of individualsgifing genotypes allows estimating the

paternal contribution of each father, and in some cases, identifying actual multiple
paternity with less than five total alleles, when the observed distribution of alleles is not
compatible with only one fathédensa et al. 2006)

Although determination of multiple paternity in single clutches based on
knowledge of the maternal and individual offspring genotypes is the ideal and most
informative procedure for multiple paternity studies, this protocol may sometimes be
impractical or impossible. In some cases, samples from mothers may be unavailable, such
as in conservation projects where beaches are monitored and nests collected during
morning patrolgZbinden et al. 2007; de Santos Loureiro 2008; Godgenger et a). 2009
In other cases, the high number of samples required in typical multiple paternity studies
(Hoeckert et al. 1996; Hoekert et al. 2002; Jensen et al. 2006; Stewart and Dutton 2011)
become cost prohibitive. Taking into account that it is the total nuailukiferent alleles
in each clutch that establishes both presence and frequency of multiple paternity in a
population, maternal samples are not strictly necessary for detecting multiple paternity.
In the absence of female samples, the presence of fiverer alleles in a single nest
evidences at least two contributing males, and thus, multiple paternity. Pearse et al.

(2002) Theissinger et a(2009) and Valenzuelé2000)have previously applied this
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criterion in turtle multiple paternity studies thatked maternal samples for a number of
clutches. The specific genotypes of individual offspring are not essential information
either. Given that multiple paternity can be correctly assessed knowing the total number
of alleles in a clutch, it may be adwageous in terms of time and budget to obtain this
information via pooled samples from hatchlings in a clutch, rather than by individually
analyzing each hatchling sample. The use of pooled samples for microsatellite analysis
has been successful in humaneihsic and epidemiological studies with high numbers of
individuals(Pacek et al. 1993; Sham et al. 2002wever, due to the frequent presence

of PCR artifacts, the electrophoretic patterns of pooled samples tend to be complex and
difficult to interpret(Schnack et al. 2004pPreliminary DNA pooling is recommended for
paternity studies, to reduce the numbktests required to identify potential parents for

an individual progenyCurnow and Morris 1998)ut is rarely used in multiple paternity
studies. Gosselin et §2005)pooled eggs from individual pleopods in a multiple

paternity study on the Ameriodobster Homarus americanygollowing Urbani et al.

(1998) who previously used this method with the snow c@ibpnocetes opilioTo our
knowledge, the use of pooled DNA samples has not been reported to date in multiple
paternity studies on sea tudler any other vertebrates.

Olive ridley sea turtle eggs have been economically exploited in the South coast
of Honduras since the 194(@Sampbell 2007)Significant population declines led to the
implementation of conservation measures by the Hondunargment in 1975, which
established an ongoing yearly protected period when the collection of eggs is forbidden
and the eggs are relocated to hatché€hgearik 1985) However, studies on the olive

ridley population nesting in Honduras are scarce. The@mental NGCProtective
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Turtle Ecology Center for Training, Outreach, and Research,(Fr@eTECTOR) has
been monitoring the nesting beaches since ZD0nbar and Salinas 2008; Dunbar et al.
2010) yet until now, no genetic studies have been performed.

Olive ridley nesting beaches in Honduras are located within the Gulf of Fonseca,
a shallowwater inlet of the Pacific Ocean, 80 km long and 50 km wide, sheltered by
islands at its entrand¢eemay et al. 2007(Fig. 4). Punta Raton (13.26570N, 87.51228W)
is the main nesting beach in the country, with an estimated number of30@Dnests per
season (Dunbar, personal communication). Three other nesting beaches are known along
the east coast of the Gulf: El Venado (13.11581N, 087.42725W), which receives
apprximately 200i 250 nests per season; along with smaller sites at Boca del Rio Viejo
and Cedefio, with approximately BA40 nests each per season (Dunbar, personal
communication). According to historical reports, 100 % of eggs from Punta Raton were
consumd for more than three decades (194030s)(Campbell 2007pefore the
establishment of protection measures. The fact that the turtle populatiertheless
persisted causderitchard(2007)to speculate that females nesting at Punta Raton may,
in reality, come fromarribada populations at the Chacocente and La Flor beaches in
Nicaragua.

The main goals of our study were: 1) to assess the levels of multiple paternity in
the olive ridley sea turtle population nesting in the South coast of Honduras, and2) t
levels of multiple paternity to estimate population size and origin of the nesting females
present in the Gulf of Fonseca. Besides specific information about the Honduran olive
ridley population, this study also allowed us to investigate new metbat#termine sea

turtle multiple paternity, with a potentially wider application.
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Figure 4. The Gulf of Fonseca. Circles indicate the four main nesting beachés for
olivaceaon the South coast of Honduras. Large circles indicate the twolmalivacea
nesting beaches at Punta Raton and El Venado, the field sites for this study.
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Two additional goals were 1) to confirm that multiple paternity studies can be
effectively performed without female samples, and 2) to evaluate the potential of using
oneperclutch pooled samples to detect multiple paternity, rather than individually

analyzing multiple hatchling samples.

Methods
Field Sampling

During the 2011 2013 nesting seasons (August to November), we collected
blood and tissue samples from2ésting females at Punta Raton and El Venado (Fig. 4).
Blood samples (1 2 ml) from the dorsal cervical sinus were collected from 15 females
at Punta Raton and 5 females at El Venado. In 6 cases we collected tissue samples from
females nesting at PuntatBa by cutting a small piece of skin (<25 f)rfrom the soft
tissue of the posterior edge of the left rear flipper. We marked all sampled females with
flipper tags on the left front flipper. Hatchlings from three nests of the 2012 season and
six nests offte 2013 season were also sampled. Immediately after emergence, we
randomly selected 20 hatchlings from each nest and took blood samples (<0.1 ml) from
the dorsal cervical sinus. We monitored sampled hatchlings for one hour after the
procedure to ensure moal behavior, and released them as soon as possible after
observance. Blood and tissue samples were stored at room temperature in cell lysis buffer
[10 mM Ethylenediaminetetraacetic acid (EDTA), 2% sodium dodecyl sulfate (SDS),
10mM Trisbase- 8.0pH]. Sarples from 2011 and 2012 were kept at room temperature
until June of 2013, when they were imported to the US and storétCan4he

laboratory. Samples from the 2013 season were imported to the US and stdi@dmat 4
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the laboratory in November, 2013ll A&amples were analyzed between July and

December, 2013.

Microsatellite Analysis

Total genomic DNA was extracted from tissue samples following Prager and
Stoneking(1999) For DNA extraction from blood samples, a modification of the same
protocol was usg(Table 3). DNA concentration was checked withiaaoDrop 2000c
UV-Vis Spectrophotometéihermo Scientific, MA) and adjusted to 5Q@00 ng/pl.
Pooled samples for each nest were preplyadixing 1 pl of each of the hatchling
samples together and adjusting the final concentration tol®0 ng/pl. The
microsatellite primers Cm84 and-@r(Table 4) were selected for the paternity analysis
because they had shown high variability and éffeamplification in previous studies
with Eastern Pacific olive ridley populatiof¥nsen et al. 2006Ylicrosatellites were
amplified with fluorescentabeledprimers in 50 pl PCR reactions containingi5000 ng
of nuclear DNA, 10 pmol forward 6FAM-8nd labeled primer, 10 pmol reverse
unlabelled primer (Integrated DNA Technologies, IA), and 25 ul of Maxima Hot Start
PCR Master Mix (Thermo Scientific, MA).

Thermal cycling was initiated with a 4 min denaturing step at 95 °C for both
Cm84 and 011, followed by 35 cycles of 30 sec denaturation at 95 °C (Cm84 adgl, Or
30 sec annealing at 56 °C for Cm84 (55 °C forlQyrand a 30 sec (1 min for Q)
extension a¥2 °C for bothCm84 and Oil, and a final extension of 5 and 10 mirYat
°C forCm84 and 04, respectively.PCR products were run on a 5 % polyacrylamide

gel (Bio Rad, CA) at 60 W for 2o confirm DNA presence.
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Table 3 Extraction protocol for reptile blood (modified from Prager and Stoneking, 1999)

1. Add 200 pl of cell lysis buffer [10 mM EDTA, 2% SDS, 10mM Fhase-
8.0pH] to 100 pl of blood sample (already diluted with cell lysis buffer), alq
with 9 pl of 20 mg/ml Proteinase K. Following thorough mixing, incubate t
sample in a 58C water batHor 15-20 minutes.

2. Following incubation, remove the sample from the water bath and cool to
temperature. Then add 4 ul of 10 mg/ml RNase A, mix, and place i@ 37
water bath for 1 h.

3. Cool the sample to room temperature and add 100 pl of 7.5 M amamoni
acetate. Vortex mix the sample for 10 s and place on ice &b 10in.

4. Remove the sample from the ice and centrifuge in a microcentrifuge at to
speed (ca. 234k rpm) for 5 min. Draw off as much of the supernatant as
possible and transfer to a new noicentrifuge tube. Centrifuge the supernatd
again at top speed for 5 min.

5. Transfer the supernatant from the second spin to a new 2 ml tube contain
900 pl of isopropanol and invert gently about 20 times to mix and precipita
the DNA. Refrigerate aR0°C for 2 hours to overnight.

6. Centrifuge the sample at top speed for 5 min. to precipitate the DNA into
pellet at the bottom of the tube. After centrifugation, pour off the isopropat
and wash the pellet with 500 pl of 70% ethanol. Centrifuge the sagpla at
top speed for 5 min. and air dry until all traces of ethanol have evaporate

7. Suspend the DNA pellet in 30 ul of ultrapurified water.
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Table 4 Microsatellite markerrimer sequence, annealing temperature, allele length, number of
alleles (NA), number of individuals analyzed (n), overall expecteg), (Bhd observed (&)
heterozygosity for the two markers used in the study.

Locus Pr i mer seguence (5 Annealing Allele NA He Ho
temperature length  (n)

(°C) (bp)
Cm84 TGTTTTGACATTAGTCCAGGATTG 58 321- 14 0.89 0.83
ATTGTTATAGCCTATTGTTCAGGA 348 (158)
Or-1 CCCCTTGTGTTCTGAAATCCTATGA 55 148 13 0.85 0.92
CAGGCATAGGGAAAAATCAGAGGTA 191 (158)
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Following PCR using template DNA from individual hatchlings, a separate
pooled sample of the PCR products for each nest was prepared by mixing 1 ul of each
PCR product from the nest. In a second PCR reaction, the pooled DNA mentioned in the
previous para@ph was used as the template. The PCR products were sent to an external
laboratory (Genewiz, NJ), where fragment analysis was performed on an ABI3730 DNA
Analyzer (Life Technologies, CA). PCR products from-2D hatchlings were analyzed
from each of 9 r&s totaling 158 individuals, plus two pooled samples for each nest, one
pooled before PCR and one pooled after PCR. Maternal samples were only available for
the six 2013 season nests, yet only three of them yielded useful PCR products. In these
cases, prducts from adult females were run along with the products from their offspring.
In addition, 26 samples from naalated adult females and 6 hatchlings from different
nests were analyzed to assess population diversity. Results from the DNA Analyzer were

visualized using Geneious 6.1.7 created by Biomatters.

Data Analysis

Population Analysis

PCR products from 32 individuals were analyzed to estimate the allele
frequencies for Cm84 and Orl in the population, yet only 27 genotypes were obtained,
correspondig to 15 nesting females from Punta Ra&ir nesting females from El
Venado anaix hatchlings randomly selected from nests with no maternal samples (one
hatchling per nest). We assumed that all the sampled animals were unrelatecerBata w
checked for dparture from HardWWeinberg equilibrium, genotypic linkage

disequilibrium, and the presence of null alleles using GENEPOP (Rauaset 2008)

87



Paternity Analysis

For those nests with known maternal genotypes, paternal alleles were inferred
from offspring genotypes once maternal alleles were accounted for, and confirmed using
GERUD 2.0(Jones 2005)For nests with no maternal samples, offspring genotypes were
directly analyzed with GERUD 2.0 to determine all possible maternal genotypes and the
correspondig paternal genotypes for each case. We also used GERUD 2.0 to calculate
exclusion probabilities. To calculate the probability of detecting multiple paternity with
unknown parents for the number of offspring sampled in the study we used the PrDM
software(Neff and Pitcher 200ndGERUDsim 2.0(Jones 2005)GERUDsIm 2.0 uses
a simulation approach to determine the ability of GERUD 2.0 to correctly determine the
number and genotype of sires for specific progeny.

We confirmed paternity results obtained wdERUD 2.0 using COLONY
(Wang 2004)Because weosight to assess the minimum number of sires required to
explain offspring genotypes (MIN estimates), we used the MIN method from Sefc and
Koblmdiller (2009) COLONY calculations include the possibility of tworor classes:
null alleles (Class 1), and typing errors and mutations (Class Il). We used error rates of
0.05 for both class€¥Vang 2004)

GERUD 2.0 and COLONY estimates for multiple paternity were obtained from
the analysis of individual samples. Resudtom pooled samples were visually analyzed
using Geneious 6.1.7, and the sizes and total number of alleles present in each clutch
were compared with those obtained from the individual samples of the same clutch. For
samples that contained high levelsuafesolved peaks, we used the program Poolfitter

v1.1(Schnack et al. 20049 remove stutter noise and identify the true allelic peaks (Fig.
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5). When interpreting Poolfitter outcomes, we removed peaks lower than 0.1 of the total

frequency and consider tihhemaining peaks to be true alleles.

Results
Population Variability

Both loci were highly polymorphic, with 16 and 13 alleles found at microsatellites
Cma84 and Or1, respectively. Although Cm84 is a dinucleotide repeat, several alleles for
this locus differed by onlg bp, a fact previously observed in other studi¢sekert et al.
2002) Expected heterozygosities were 0.89 for Cm84 and 0.85 for Orl. Observed
heterozygosities were slightly lower for Cm84 (0.83) and slightly higher for Or1 (0.92).
No | oci exhibited si dgWenpeageequilibrichd®p-8.05),ande f r o
no linkage disequilibrium was detected between loci (P > 0.05). The test for null alleles
showed possible null alleles at very low frequency for one locus (Cm84; 0.0471), likely

caused by scoring errof3ensen et al. 2006)

Multiple Paternity
Individual Samples
Multiple paternity was inferred when the total number of alleles per locus was 5
or more, and confirmed by GERUD 2.0 outcomes. One case with less than 5 alleles at
one locus was also identified as resulting from multiple paternignwie distribution of
alleles across loci could not been attributed to only one father. We considered alleles
present in just one locus and only one offspring likely resulting from mutation events or

scoring errorgJensen et al. 2006)
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Figure 5. Analysis of Cm84 pooled samples. (A) Electrophoretic pattern of nest H1 from
Geneious 6.1.7, showing a high number of stutter peaks almost indistinguishable from the
true allelic peaks (shown with arrows). (B) Stutter correction with Poolfitter v1.1. Dotted
line shows the original pattern and solid line shows the corrected pattern. Individual peaks
are represented as circles. X axis shows allele sizes, Y axis shows relative frequencies.
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After removing the corresponding hatchlings from the analysis, thpleamze of
offspring analyzed per clutch ranged from 12 to 19, with a mean of 16 £+ 1 SE. The
highest number of alleles in a single clutch was seven and the highest minimum number
of fathers identified by GERUD 2.0 was three (Table 5). Only three maszmmgiles
yielded DNA and were used in the analysis. For each of the three nests with known
maternal genotypes (B1, B3 and H26), results from GERUD 2.0 on multiple paternity
and minimurmumber of fathers were the sambkether or not maternal samples were
included in the analysis. Among the nine clutches studied, one (B2) yielded results
incompatible with only one mother, probably due to contamination. From the eight
remaining clutches, two (25 %) showed no evidence of multiple paternity, while four (50
%) hada minimum of two fathers, and two (25 %) had a minimum of three fathers (Table
5). The two clutches sired by a single father (B3 and N38) showed low variability.
Among the offspring in clutch B3, three different alleles were found at Cm84 and only
two atOrl (Table 6). The female was homozygous at Cm84 (326/326) and both parents
shared the same genotype at Orl (148/168). In clutch N38, we found only three different
alleles at eaclocus Not having a maternal sample for this clutch, the software GERUD
2.0was unable to yield a single solution for maternal and paternal genotypes. However,
in all four possible combinations, parents shared one allele at Cm84 (325) and either also

shared one allele at Or1, or one of the parents was homozygous (Table 6).
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Table 5 Multiple paternity resultsThe table shows the number of hatchlings originally
analyzed in each nest and the final number after removing the hatchlings with just one
6extrad paternal allele at one | ocus. The I
Cm84 and Orl is g&n, both the total found and the final number after removing probable
mutations and scoring errors. The minimum number of fathers inferred by the program
GERUD 2.0 was calculated using the final values. Because COLONY incorporates error

rates in its calcaltions, the minimum number of fathers inferred by COLONY was
calculated using the whole data.

Nest No. of Cm84 alleles Orl alleles Minimum Minimum
hatchlings (final No.) (final No.)  Number of  Number of
analyzed Fathers Fathers
(final No.) GERUD 2.0 COLONY

Bl 19 (18) 7(6) 7 3 4

B2 17 7 7 No results 4

B3 19 3 2 1 1

H1 18(17) 6(5) 4 2 2

H2 17 4 7 3 3

H26 18(12) 9(5) 6(5) 2 2

N37 16(14) 4(2) 5(4) 2 2

N38 18 3 3 1 1

N40 16(13) 7(5) 6(5) 2 3

NestB2 results were not compatible with just one mother, probably due to contamination.
This nest was removed from the study.
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Table 6.Genotypes of nests sired by only one male (B3 and N38)

(A) Nest B3 genotypes. Maternal and offspring genotypes wlatained from samples, the
paternal genotype was inferred by GERUD 2.0

Maternal genotype Number Offspring Genotype Inferred paternal
of genotypes frequency genotype
Cm84 Orl offspring Cm84 Orl Cm84  Orl

326/326 148/168 19 326/337 168/168 2 322/337 148/168
326/322 148/168 4
326/337 148/168 4
326/337 148/148 3
326/322 168/168 3

3

326/322 148/148

(B) Nest N38 genotypes. Offspring genotypes were obtained from samples. Parental
genotypes were inferred by GERUD 2.0. Baodtware was unable to identify one single
pair of motheifather genotypes, but found four different possible combinations.

Number Offspring Genotype Inferred genotypes
of _ genotypes frequency Parent 1 Parent 2
offspring Cm84 Or1 Cm84 Orl Cm84 Orl

18 325/325 152/168 325/341 148/168 325/344 152/152
341/344 152/168
325/344 148/152
325/344 152/168
325/341 152/168
325/341 148/152

341/344 148/152

325/341 148/152 325/344 152/168

325/341 148/152 325/344 148/168

WWNNPFEP WA

325/344 152/168 325/341 148/168
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With the loci and sample sizes used, the combined exclusion probability was 0.92
for the clutches with one known parent, and 0.81 for those with neither parent known.
The probability of detecting multiple paternity (PrDM) assuming equal paternal
contributons was high when sampling 10 offspring (PrDM = 0.96) and only slightly
higher when sampling 15 (PrDM = 0.98). A skewed paternal contribution of 1 : 4 would
still give a PrDM > 0.9 when sampling 15 offspring. However, a very skewed case of 1 :
9 would redge the PrDM to 0.72.

Simulation analyses with GERUDsiIm 2.0 for an offspring of 15 indicated that
multiple paternity would be detected in 97.1 % of clutches for equal contributions (8 : 7)
and in 91.4 % in case of a very skewed paternal contribution2)13 :

Paternity reconstructions using COLONY confirmed GERUD 2.0 outcomes.
Because COLONY reconstructions already take into account both mutations and typing
errors, as well as null alleles, we used the entire data set, without removing the extra
alleles tlat appeared in just one locus in a single hatchling. COLONY found multiple
paternity in the same 6 nests as the GERUD 2.0 analysis, although the minimum
estimated number of fathers was higher in two nests (Table 5). The number of hatchlings
analyzed rangeftom 16 to 19. Two nests (25%) were sired by only one male and 6 nests
(75%) showed multiple paternity, with a minimum of two fathers in three nests, a
minimum of three fathers in two nests, and a minimum of four fathers in one nest.
Because COLONY analigsincludes the possibility of errors in the data, this program
could make a parental reconstruction of nest B2, which GERUD 2.0 considered
incompatible with only one mother. According to COLONY, this clutch was sired by at

least 4 fathers. COLONY tendsawerestimate the number of parents when the number
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of loci analyzed is lowJones et al. 2007; Sefc and Koblmdiller 200&)ile GERUD 2.0
is considered more accurate when paternity analyses can be run individually with less
than 6 siregJones 2005)Forthis reason, we chose to use COLONY results only for

confirmation of our GERUD 2.0 outcomes, and excluded nest B2 from the analysis.

PooledSamples

Both Orl and Cm84 pooled samples showed stutter peaks, although Or1 could be
resolved by visual comparisevith a few individual samples. Cm84 were corrected using
Poolfitter v1.1.

Alleles detected in the Orl pooled samples were the same in both pooled samples
for each nest, before and after PCR (Fig. 6), and coincided with the alleles identified
through indivdual analyses (Table 7). For some alleles with very low frequencies, such
as those present in only one hatchling, the peaks were small and could easily be confused
withnoise (Figs6 B and 6B6). After removing these
allelesdetected in the combined samples was lower than the number obtained from the
analysis of the individual samples in 3 out of 8 clutches (37.5 %). In two clutches (B1
and H26) the sample pooled before PCR was more informative than the one pooled after
PCR,revealing one additional allele (FigB, Table 7). When a total of 5 or more alleles
wereused as an indicator of multiple paternity, and results from pooled and individual
samples were compared, results from both approaches coincided in 6 clutches (75 %)
(Table 7). The remaining two clutches, H26 and N40, showed evidence of multiple
paternity when the samples were individually analyzed, yet only 4 different alleles

appeared in the pooled samples (Table 7).
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Figure 6. Examples of alleles identified in Orl pooled samples, visualized with Geneious 6.1.7. We show the graph for nests N37 (A,
top) and H26 (B, bott om), both for samples pool ed hmepgeaks e PCR
indicate different alleles present in the nest, dotted line peaks represent reference scale sizes. Numbers indizateialbge Siaxis

shows frequencies in relative fluorescence units. Small peaks that may be indistinguishable frore nodedh
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Table 7 Pooled samples results. Number of Orl and Cm84 parental alleles from individual and pooled samples, along with accuracy
of results from pooled samples to correctly detect multiple paternity.

Nest Orl Cm84 Correct
multiple
No. of alleles from Total No. of  Total No. of Correct No. of alleles from Total No. of Correct paternty
individual samples alleles from  alleles from multiple individual samples alleles from multiple detection
(Final No. after samples samples paternity  (Final No. after samples paternity (or1 &
removing possible pooled before pooled after detection removing possible pooled detection Cm 84)
mutations) PCR PCR mutations) before PCR
Bl 7 6 5 Yes 7(6) 8 Yes Yes
B3 2 2 2 Yes 3 3 Yes Yes
H1 4 4 4 No? 6(5) 4 No No
H2 7 7 7 Yes 4 3 No° Yes
H26 6(5) 4 3 No 9(5) 4 No No
N37 5(4) 5 5 Yes 4(2) 3 NoP Yes
N38 3 3 - Yes 3 3 Yes Yes
N40 6(5) 4 4 No 7(5) 5 Yes Yes

#The analysis of the pooled sample for this nest assessed the correct number of alleles (4), but the distribution patiéslesfrthe a
the individual samples indicated the presence of two fatffém$ormation from Cm84 for nests H2 and N37 did not altovinfer
multiple paternity because the total number of alleles was less than 5 both in the individual sample and in the po®leobdgsigl
However, information from Orlindividual samples revealed multiple paternity in both nests.






