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

 

by 

Noemi Duran Royo 

Doctor of Philosophy, Graduate Program in Biology 

Loma Linda University, June 2015 

Dr. Stephen G. Dunbar, Chairperson 

 

In this dissertation, I investigated the reproductive ecology and hatchling behavior 

of the olive ridley (Lepidochelys olivacea) sea turtle population nesting in Pacific 

Honduras. I begin by reviewing olive ridley reproduction, human use of this species, and 

past and present conservation on nesting beaches. I also propose a conservation strategy 

to improve nesting beach conservation programs in developing countries. In the first of 

four empirical studies, I 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 for a population 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 situ on the beach with nests from a local hatchery. I also assessed the effects of 

retaining hatchlings for 24 hours after emergence. Incubation temperatures were higher, 

and hatching success was lower, in the hatchery compared to the beach. Mean nest 

temperature during the second third of incubation was a good predictor of hatching 

success. Retention for 24 hours reduced hatchling weight, running speed, and active 

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



 

xviii  

patterns, finding that hatchlings at night swam near the surface 98% 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, I 

investigated 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. I found that a change in the timing of hatchling 

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 information for improving ongoing conservation efforts for this species.  
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CHAPTER ONE 

INTRODUCTION  

 

Sea turtles are species-at-risk. The habit of aggregating in predictable areas for 

feeding or reproducing (Frazier et al. 2007; Plotkin et al. 2012) makes sea turtles 

especially vulnerable to human over-exploitation. Additionally, some features of sea 

turtle life history, such as slow growth and late maturity, make it difficult to recover 

populations that are already depleted.  

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 in the same area 

where they hatched, a behavior called philopatry, or natal homing (Miller 1997). After an 

incubation period of approximately 60 days, the eggs hatch and the hatchlings crawl to 

the sea and swim off-shore until they find a main oceanic current where they will drift 

while developing and growing (Carr 1986; Carr 1987). This journey usually takes two or 

three years and often involves distances of thousands of kilometers, sometimes across 

entire ocean basins (Bolten and Balazs 1995). Once they reach the juvenile stage, 

individuals of some sea turtle species go back to neritic waters and stay in coastal 

foraging grounds. Individuals of other species may remain in pelagic waters until they 

reach adult size (Bolten 2003). Sea turtles are long lived, slow growing vertebrates that 

can take more than 35 years to reach sexual maturity, depending on the species (Hirth 

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 
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turtle species they do not reproduce annually, breeding instead every two to nine years 

(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 

hatchlings become common prey for fish and seabirds (Stancyk 1982). Egg harvesting for 

human consumption and commerce, both legal and illegal, is widespread in many 

countries (Campbell 2007; Plotkin et al. 2012). Juvenile and adult sea turtles are still 

actively captured for meat and other products in some parts of the world (Humber et al. 

2014), and they are also unintentionally captured as by-catch in fisheries all over the 

world (Gilman et al. 2006). Other current threats to sea turtles include the loss of nesting 

habitats due to human interventions on beaches (McClenachan et al. 2006), marine debris 

and other types of oceanic pollution (Derraik 2002), and global warming (Hawkes et al. 

2009).  

There is no doubt that sea turtles need protection. Six of the seven extant species 

are included in the IUCNôs Red List of Threatened Species (IUCN 2014), either as 

Critically Endangered (hawksbill, Eretmochelys imbricata, and Kempôs ridley, 

Lepidochelys kempii), Endangered (green, Chelonia mydas, and loggerhead, Caretta 

caretta), or Vulnerable (leatherback, Dermochelys coriacea, and olive ridley, 

Lepidochelys olivacea). However, the life patterns of sea turtles, and the wide array of 

threats they face make sea turtle conservation challenging. First, because conservation 

resources are limited, researchers must decide where to concentrate conservation efforts, 

which species and populations are of most concern, and which life stages should receive 

the most protection. Second, because sea turtles move across national boundaries as well 
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as through international waters, it is pivotal to coordinate conservation efforts and to 

approach sea turtle conservation from local, regional, and international levels. 

With regard to which life stage or stages should be the primary focus of sea turtle 

conservation measures, several mathematical and computer models have attempted to 

represent population dynamics of different sea turtle species, and have provided some 

insights on the matter. Early models for loggerhead sea turtles (Crouse et al. 1987; 

Heppell 1998) concluded that management practices focused on the first life stages (eggs 

and hatchlings on nesting beaches) had low impact on the population and accordingly, 

protection efforts should concentrate on juveniles or subadults. However, more recent 

models using data from loggerhead and green turtles suggest that egg survival and 

hatchling success are also of high importance, and can compensate for losses in other age 

classes (Mazaris et al. 2005, 2009). 

Regarding levels of protection and conservation action,  several international 

agreements, such as the Convention on International Trade in Endangered Species 

(CITES), and the Convention of Migratory Species of Wild Animals (CMS), include sea 

turtles  under the highest levels of protection (Richardson et al. 2006). Sea turtles are also 

protected by domestic laws in many countries, yet levels of enforcement and compliance 

vary widely. In many developing countries where sea turtles occur, governments struggle 

with financial difficulties, impoverishment, illiteracy, social 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 those sites, highlighting the importance of local conservation 

initiatives. 
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 This dissertation focuses on the conservation of olive ridley sea turtles, 

Lepidochelys olivacea, through field and experimental research, and enhanced nesting 

beach management. The overriding 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 chapter 2, I 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 

current status, according to the IUCNôs Red List, is vulnerable, meaning that they face 

high risk of extinction in the wild (IUCN 2014). In that chapter, I review the 

characteristics of the species that have favored human overexploitation, mainly the 

special mode of reproduction displayed by some populations called mass nesting, or 

arribada. I 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 protected in most 

countries, the actual levels of compliance tend to be low, and sea turtle captures and egg 

harvesting are widespread. At the end of chapter 2 I list several reasons why olive ridley 

conservation research is important, and suggest a conservation strategy for olive ridley 

nesting beaches, applicable to local conservation projects currently carried out in 

developing countries. The strategy is based on the concept of Community Based 
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Conservation, and has the objective of using research and accurate management practices 

to optimize the results of current operative projects, increasing benefits for both the sea 

turtle species and local human communities. 

Chapters 3 to 6 present examples of the application of this conservation strategy 

to the olive ridley population that nests in Pacific Honduras. Olive ridleys nest solitarily 

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 coasts 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 2007; Pritchard 2007). However, in 1975 the government established a yearly 

protected period, la veda, to protect the declining population (Minarik 1985).  La veda 

encompasses the first 25 days of September. During this period beaches are patrolled in 

search of nests and eggs are relocated into hatcheries. Currently, there are four 

operational hatcheries along the Pacific coast of Honduras, at Punta Ratón, Boca del Río 

Viejo, Cedeño, and El Venado. Punta Ratón, the main research site for this dissertation, 

comprises the largest hatchery, with more than 200 nests a year. In Punta Ratón, 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. When la veda finishes, only one or two people remain in charge of the hatchery 

and receive a small economic compensation for maintaining the eggs until hatched. 

Hatchery tasks include burying relocated eggs, watching the hatchery during incubation 
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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 Ratón, 

hatching success tends to be low, likely due to severe construction and management 

deficiencies. In 2009, the hatchery was built in a lowland area that became flooded, 

causing all embryos to die, and in 2010 all nests were lost because of excess heat 

(Dunbar, personal communication). Very 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 directly into the 

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 release, 

sometimes as long as 24 hours after emergence. 

Although the conservation program at Punta Ratón has been in place for 40 years, 

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 flipper-tagging program with 

nesting females on the beaches at Punta Ratón and El Venado (Dunbar and Salinas 2008), 

and deployed several satellite tags on nesting females from the region to monitor their 

post nesting movements in 2010, 2011 and 2012 (Dunbar et al. 2010; Dunbar and 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 released from Honduran 

beaches.  
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From 2011 to 2013, I carried out four research projects in Punta Ratón with the 

aims of increasing scientific knowledge on the reproductive characteristics of the local 

olive ridley population, and of using this knowledge to suggest practical improvements 

for the conservation practices currently in place on Honduran beaches. 

In chapter 3, I report results of an assessment of the multiple paternity levels of 

olive ridleys in Honduras, using microsatellite markers. The percentage of multiple 

paternity in a population is important because it influences effective population size 

(Sugg and Chesser 1994) and genetic variability (Baer and Schmid-Hempel 1999), and 

provides information on mating patterns and population structure (Jensen et al. 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 the mode of 

reproduction in each population, being much higher in arribada beaches than in solitary 

beaches (Jensen et al. 2006). Although female olive ridleys nest in solitary at Punta Ratón 

and the rest of the Honduran nesting beaches, Pritchard (2007) suggested that these 

females may actually originate from arribada nesting beaches in Nicaragua. If that was 

the case, the olive ridley nests deposited at Punta Ratón would presumably show high 

levels of multiple paternity. If not, they would likely show low levels typical of solitary 

populations. The information obtained on the mating patterns of the population, as well 

as on the likely origin for the nesting females, have implications for conservation 

purposes.  

In chapter 4, I compare the characteristics of semi-natural nests incubated in situ 

on the beach at Punta Ratón with nests incubated at the local hatchery. Hatcheries are 
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widely used in sea turtle conservation programs (Mortimer 1999), but may alter 

incubation temperatures (DeGregorio and Williard 2011) decrease hatching success 

(Pintus et al. 2009) and affect the physical characteristics and behavior of hatchlings 

(Türkozan et al. 2001; Koch et al. 2008). I examined incubation temperatures for nests 

both on the beach and at the hatchery, as well as hatching success, 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 performance (Pilcher and Enderby 2001; van der Merwe et al. 2013), I 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 conservation program and providing scientifically 

supported improvements and alternatives. 

In chapter 5, I provide results from investigations on levels of in-water predation 

suffered by hatchlings released from Punta Ratón 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. 2000), I expected 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, I 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 to swim near the 

surface of the water (Davenport and Clough 1986). However, 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 overhead (Frick 1976; 
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Witherington et al. 1995). In this study, I 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 the turbid waters 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 Ratón, investigating 

hatchling predator avoidance behaviors and assessing the actual risk of predation was 

important to evaluate the necessity and adequacy of such protocols.  

In chapter 6, I investigate the effects of tidal currents on hatchling offshore 

migration. Local environmental conditions vary from beach to beach, and therefore, they 

may affect hatchlings from different areas in different ways. Due to its semi-enclosed 

shape and its shallow waters, tidal currents in the Gulf of Fonseca are strong and reach 

speeds five times higher than typical hatchling swimming speeds (Admiralty 

Hydrographic Office 1951). The small size of sea turtle hatchlings makes them 

vulnerable to these strong tidal currents. In this study, I assessed the reversal effects of 

flood tidal currents on hatchling movements, and examined whether changing the current 

timing of hatchling releases, from mid outgoing tide to the beginning of the outgoing tide, 

could minimize these effects. 

In Chapter 7, I summarize and discuss the conclusions of my research. My results 

include new findings that will enrich the general knowledge of olive ridley reproductive 

biology, and practical data useful for improving current management and conservation 

practices. At the end of chapter 7, I provide suggestions for future directions on 

continuing and expanding the research of this dissertation.  
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Goal, Objectives and 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 current management protocols of the local 

conservation project. 

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

o I hypothesized that the levels at Punta Ratón would be low because 

multiple paternity levels in olive ridley turtles depend on the mode of 

reproduction, being high in arribada beaches and low in solitary beaches.  

¶ The second objective was to compare nest and hatchling characteristics between 

semi-natural nests incubated in situ on the beach, and nests reburied in the local 

hatchery. 

o  Because of the poor hatchery management at Punta Ratón, I hypothesized 

that: 

Á The nests at the hatchery would incubate at higher temperatures 

and show lower hatching success than the nests at the beach. 

Á Hatchlings from the hatchery would be smaller and show lower 

locomotion performances than hatchlings from the beach. 

¶ The third objective was to investigate the effects of retaining hatchlings for long 

periods of time after emergence on hatchling characteristics and behavior. 

o I 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 of in-water predation suffered by 

hatchlings from Punta Ratón during the first hours of their off-shore migration.  

o I hypothesized that the rate of predation by fish would be high, because of 

the shallow depth of the Gulf of Fonseca waters. 

¶ The fifth objective was to compare the diurnal and nocturnal swimming patterns 

of recently emerged hatchlings, regarding their position in the water column. 

o I hypothesized that hatchlings would spend more 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 off-shore migration. 

o I hypothesized that the movements of the hatchlings would be highly 

affected by tidal currents, moving away from the beach during 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 I hypothesized that releasing the 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 (Lepidochelys olivacea) is one of the smallest (Van Buskirk and 

Crowder 1994) and the most abundant of the seven extant sea turtle species (Pritchard 

1997). Olive ridleys are widely distributed in tropical and subtropical waters of the 

Pacific and Indian Oceans (Pritchard 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, 

where L. olivacea is replaced by its congeneric species, the Kempôs ridley sea turtle, L. 

kempii (Fretey 1999; Pritchard 2007). Both olive ridleys and Kempôs ridleys exhibit a 

special mode of reproduction called arribada or mass nesting, consisting of the 

synchronized emergence of hundreds to tens of thousands of females nesting in close 

proximity on specific beaches during a few days (Bernardo and Plotkin 2007). Only a 

handful of olive ridley mass nesting beaches exist in the world and are located in India, 

Mexico, Costa Rica, Nicaragua, Panama, and Suriname (Fig. 1). Besides nesting en 

masse, olive ridley sea turtles also nest solitarily on many tropical beaches worldwide. 

Solitary nesting is much more common than arribada nesting, and several new nesting 

beaches have been discovered in the last decade (Alava et al. 2007; Kelez et al. 2009; 

Padmavathy and Anbarashan 2011) (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 Guiana, and Brazil. 

Extensive nesting has been reported 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 of Olive Ridley nesting beaches. Black dots indicate countries where olive ridleys nest in solitary. Grey circles 

indicate countries that have one or more arribada beaches. Dots and circles do not indicate the exact position of the rookeries. 
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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 (Marcovaldi 1999; Pritchard 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. Typical straight carapace 

lengths (SCL) for adult female olive ridley sea turtles range from 60.6 cm (Mexico) to 

71.5 cm (Sultanate of Oman) (Castellanos Michel et al. 2003). The carapace is nearly 

round with wide marginal scutes, and shows regional variation. For example, Pacific 

populations have a steep-sided, flat-topped carapace, possibly associated with their habit 

of surface basking in relatively cool waters (Pritchard 2007). The presence of 6 ï 9 lateral 

scutes (Wyneken and Witherington 2001), often with asymmetrical configuration 

(Pritchard and Mortimer 1999), distinguishes olive ridleys from all other hard-shelled sea 

turtles. The plastron is lighter in color and exhibits a series of conspicuous pores in the 

inframarginal scutes, also present in the congeneric species, Kempôs ridley. These pores 

correspond to the openings of Rathkeôs glands (Pritchard 2007), present in other turtles, 

yet especially enlarged in the ridleys. While the function of these glands remains 

unknown, it has been suggested that their secretions may play a role in detection of 

conspecifics during arribadas (Owens et al. 1982). Regarding the distinctive high 

number of costal scutes, Pritchard (2007) pointed out that this highly variable, 

multiscutate condition has been reported in hatchlings of 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) described the general morphology of the olive ridley as the most 

primitive and generalized among the sea turtle species, and proposed that 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 (Márquez 

1990) underscore this lack of 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 Indian Ocean 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 the most abundant, with variable algae content depending on age group 

(Behera et al. 2014). Adult turtles fed mostly on mollusks (47%), followed by algae 

(12%). Subadults, in contrast, preferred crustaceans (32%), followed by mollusks and 

fish in similar amounts (23% and 21%, respectively). In the eastern Pacific, olive ridleys 

are primarily carnivorous (Márquez et al. 1976; Pritchard and Trebbau 1984), feeding 

both on benthic invertebrates in nearshore areas (Casas-Andreu and Gómez-Aguirre 

1980) and on planktonic gelatinous prey in the open ocean (Kopitsky et al. 2004; 

Polovina et al. 2004). In 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 crustaceans and fish (Colman 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 different types of life history patterns (Bolten 2003). 
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Flatbacks (Natator depressus) are endemic to Australia and display Type 1, which 

consists in spending all life stages (hatchling, juvenile, and adult) in the neritic zone, 

close to the coast. All other extant species 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 loggerheads (Caretta caretta), hawksbills (Eretmochelys 

imbricata), greens (Chelonia mydas), and Kempôs ridleys all return to the neritic zone as 

juveniles to finish development (Type 2), leatherbacks (Dermochelys coriacea) complete 

development up to the adult stage in the oceanic zone (Type 3). According to Bolten 

(2003), the olive ridley is the only species that appears to follow either a Type 2 

(Australian and West Atlantic populations) or a Type 3 life history pattern (East Pacific 

populations), perhaps in response to variations in resource availability.  

Regional differences also exist in the post-migratory movements of adult olive 

ridleys. East Pacific populations exhibit nomadic behavior, wandering over vast oceanic 

areas without targeting specific foraging grounds (Cornelius and Robinson-Clark 1986; 

Plotkin 1994; Plotkin et al. 1995; Dunbar and Salinas 2013). In a recent satellite 

telemetry study on post-reproductive migrations, Plotkin (2010) confirmed that olive 

ridleys from the eastern Pacific do not follow specific migratory corridors and do not 

show site fidelity to feeding areas. She found that their movement patterns changed in 

response to an El Niño 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 olive ridleys from that region do use distinct foraging areas and 

move directly towards them after the nesting season (McMahon 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 Brazil (Reis et al. 2010). These data reinforce the high habitat plasticity and 

adaptability of this species. 

 

Reproductive Behavior and Nesting Ecology 

Olive ridley sea turtles attain sexual maturity at approximately 13 years of age, 

relatively early compared with other sea turtle species (Zug et al. 2006). Another 

peculiarity is that females nest almost annually (Pritchard 1969; Plotkin 1994), with a 

clutch frequency of 2 ï 3 nests per year (Miller 1997). Evidence from tag-return studies 

in India has shown that the reproductive span for this species is at least 21 years (Pandav 

and Kar 2000). Olive ridleys are primarily mainland nesters and rarely utilize islands or 

shores with extensive offshore coral (Pritchard 2007), preferring sandy beaches with high 

humidity levels near river mouths or estuaries (Casas-Andreu 1978). Regarding nesting 

behavior, a peculiar feature of the genus Lepidochelys is the so-called ñdance of the 

ridleyò (Pritchard 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 away (Silas and Rajagopalan 1984). Table 1 provides 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 

13 years 

(Pritchard 2007) 

(Zug et al. 2006) 

Female size at first 

reproduction 

Usually over 60 cm (range 54-72 

cm)  

(Hughes and Richard 

1974; Ernst et al. 1994) 

Track characteristics Alternate gait 

About 76 cm wide 

(Pritchard 2007) 

(Spotila 2004) 

Substrate preferences Open sand, some under vegetation (Spotila 2004) 

Nesting duration Less than 1 hour (Spotila 2004) 

Oviposition duration Less than 20 minutes (Vega and Robles 

2005; Kumar et al. 

2013) 

Clutch size 74-126 eggs, mean 105 eggs 

(Eastern Pacific) 

(Ernst et al. 1994; 

Abreu-Grobois and 

Plotkin 2008) 

Egg weight 40 g 

30-38 g 

(Spotila 2004) 

(Ernst et al. 1994) 

Egg size 32-45 mm diameter (Ernst et al. 1994; 

Pritchard and Mortimer 

1999) 

Nest size Flask shaped 30-55 cm deep 

(commonly 38-43 cm) 

Egg chamber 17-30 cm wide 

(Ernst et al. 1994; Vega 

and Robles 2005)  

Clutch frequency 2-3 (2.2) (Spotila 2004) 

Renesting interval 

(intraseason)  

14 days (Solitary) 

17-45 days, usually 28 days 

(Arribada) 

(Spotila 2004) 

(Bernardo and Plotkin 

2007) 

Internesting period 

(interseason) 

They nest almost every year (Pritchard 2007) 

Site fidelity Low (Solitary), high (Arribada) (Bernardo and Plotkin 

2007) 

Incubation period 50-65 days 

45-51 days  

(Spotila 2004) 

(Ernst et al. 1994) 

Pivotal temperatures 30.5 °C (Nancite, Costa Rica) 

29 °C (Gahirmatha, India) 

(Spotila 2004; Wibbels 

2007) 

TRT (transitional range of 

temperatures) 

27-32 °C (Costa Rica) 

100% males at  <27  °C  

100% females at >32 °C  

(Spotila 2004) 

Hatchling weight  16-19 g (Ernst et al. 1994) 

Hatchling size CCL 37-50 mm, CCW 31-45 cm (Ernst et al. 1994) 
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The most remarkable feature of olive ridley reproduction is the arribada or mass 

nesting behavior undertaken by some populations. The key feature that distinguishes an 

arribada from colonial nesting, typical of green and loggerhead turtles, is the 

synchronicity of female emergence (Bernardo and Plotkin 2007). Ridleys aggregate in 

nearshore waters of specific beaches for days or weeks, and assemble closer to the shore 

a few days before the arribada begins (Bernardo and Plotkin 2007; Behera et al. 2010). 

These turtles have been observed swimming back and forth parallel to the beach, resting 

on the benthos (Cornelius and Robinson-Clark 1986; Plotkin et al. 1991) or floating with 

their heads against the waves (Behera et al. 2010), until a high number of them suddenly 

begin crawling onto the beach, and many others continue doing so for between 3 and 7 

days (Bernardo and Plotkin 2007). A number of extrinsic factors have been proposed as 

proximate cues that trigger initiation of the arribadas, such as strong winds or specific 

moon phases, but none of these cues have proven to be consistent, even for a specific 

region (Bernardo and Plotkin 2007). Pritchard (1979) and Owens et al. (1982) speculated 

that chemical communication through Rathkeôs gland secretions might facilitate arribada 

synchronization. Plotkin found waxy plugs closing the Rathkeôs pores of olive ridley 

females captured close to Nancite beach weeks before an arribada, but the plugs were 

absent in females captured once the arribada had started (Bernardo and Plotkin 2007). 

These observations support some type of relationship between Rathkeôs gland secretions 

and arribada behavior, but more experimental evidence is needed. 

There are only a few mass nesting olive ridley beaches in the world, but no 

specific factors have been discovered that differentiate these beaches from others where 

solitary nesting occurs (Pritchard 2007). Most well-known arribada beaches are located 
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in the central eastern Pacific: La Escobilla in Mexico, Nancite and Ostional in Costa 

Rica, Chacocente and La Flor in Nicaragua, and Isla Cañas in Panama (Bernardo and 

Plotkin 2007). The state of Orissa, in northeast India, contains three mass nesting 

beaches, Gahirmatha, Rushikulya and Devi River (Behera et al. 2010). Gahirmatha, La 

Escobilla and Ostional, with estimates of over 100,000 nests per year (Tripathy 2002) are 

currently the largest mass nesting rookeries in the world. However, the sizes of arribadas 

do not maintain temporal constancy (Pritchard 2007). According to historical records, 

large arribadas occurred in the past in some beaches in Nicaragua and Mexico, which no 

longer take place (Bernardo and Plotkin 2007). At Eilanti, Suriname, the only mass 

nesting beach in the western Atlantic, arribadas were historically known to be much 

larger but currently encompass only a few hundred nests per year (Hoeckert et al. 1996; 

Godfrey and Chevalier 2004).  The decrease in size of an arribada may be due to human 

overexploitation in some cases (Limpus 1995), but may be a result of natural causes, as 

well. For instance, the Costa Rican beach at Nancite has been a nesting site free from 

human interference since the 1970s (Hope 2002), yet nevertheless has suffered a 90% 

decline in the number of nests from 1971 to 2007 (Fonseca et al. 2009). Arribadas are 

described as ephemeral reproductive aggregations by several authors (Bernardo and 

Plotkin 2007; Pritchard 2007), and thus such a reduction may be part of a normal cycle of 

development and disappearance.  

Various selective advantages have been suggested for mass versus solitary nesting 

that could have driven the evolution of olive ridley arribada 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 2001). All sea turtle species show high incidences of multiple 

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 2011; Duran et 

al. 2015) although discussions of actual benefits for females remain controversial (Lee 

and Hays 2004). Bernardo and Plotkin (2007) proposed that the increase in mate 

encounter rate enabled by arribada aggregations supposes a selective advantage for olive 

ridleys, and might have been involved in the evolution of arribada behavior. Recent data 

showing that multiple paternity is much higher in arribada beaches than in solitary 

beaches (Jensen et al. 2006) supports the idea of a positive correlation between 

reproductive aggregations and multiple mating, yet implications regarding hatchling 

fitness have not been ascertained.   

Nevertheless, the foremost hypothesis regarding the evolution of arribada 

behavior in ridleys is the predator satiation strategy (Pritchard 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 such abundance 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 significantly more predation than nests from 

arribada nesters (Eckrich and Owens 1995). However, the validity of these results has 

been questioned because both experimental nest groups were located in Nancite, an 
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arribada beach with much higher abundance of predators than typical solitary beaches 

(Bernardo and Plotkin 2007). 

The increased mating opportunities and the predator swamping strategy are not 

mutually exclusive. In fact, Bernardo and Plotkin (2007) proposed that the arribada 

behavior originally arose as a way to increase mating opportunities, yet was later 

enhanced because of its additional benefits in reducing predation. Figure 2a depicts a 

summary of this suggested evolutionary pathway. Because of their pelagic wandering 

behavior, olive ridleys would otherwise have 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 then add the advantage of predator swamping. 

The fact that only a few populations of olive ridleys perform arribadas, however, 

suggests that the arribada strategy is not universally advantageous over solitary nesting. 

In fact, considering that solitary nesting is widespread, and that solitary nesters could 

outnumber arribada nesters worldwide (Cornelius and Robinson 1985), Bernardo and 

Plotkin (2007) concluded that two fitness peaks exist for nesting behavior in this species. 

The coexistence of both reproductive modes is possible because of the advantages and 

trade-offs inherent in each strategy. Although arribada aggregations are supposed to 

favor multiple mating and decrease nest predation risk, hatching success in arribada 

beaches is usually very low due to high density-dependent mortality (Clusella Trullas and 

Paladino 2007). 
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Figure 2. Evolution of the arribada behavior (top, grey) according to Bernardo and Plotkin (2007) and cycle of development, 

collapse and disappearance of an arribada beach (bottom, black) according to Pritchard (Pritchard 2007). 
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The large number of turtles on the beach causes high levels of nest destruction 

when they incidentally dig up nests laid by previous turtles (Cornelius et al. 1991), and 

the accumulation of organic matter increases microbial content in the sand, which 

consequently affects the normal development of the embryos (Cornelius et al. 1991; 

Valverde et al. 1998). A number of studies (Clusella Trullas and Paladino 2007; 

Honarvar 2007; Honarvar et al. 2008; Honarvar et al. 2011; Bézy et al. 2014) document a 

strong correlation between high-density nesting and high CO2 levels, low O2 levels, high 

bacterial and fungal content, increased incubation temperature, and low hatching success. 

Arribadas may be advantageous in their first stages because they increase hatching 

survival by overwhelming predators (Pritchard 2007), but after some time 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 decades (Fonseca et al. 

2009), as well as the discrepancy between historical and current locations of arribada 

beaches (Pritchard 2007). Table 2 provides data on historical records and current trends 

on olive ridley arribada beaches.  
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Table 2. Estimates of historical and current abundances, as well as trends for olive ridley 

populations on arribada beaches. Information from Hoeckert (1996), Evans and Vargas 

(1998), Pandav et al. (Pandav et al. 1998), Pandav (2000), Hope (2002), Shanker (2003), 

Pritchard (2007), Bernardo and Plotkin (2007), Cornelius et al. (2007), Honarvar et al. 

(2008), Ocana (2012), Plotkin et al. (2012) and Valverde (2012). 

 

Country  Beach Year of 

discovery  

Historical data Current  data 

Mexico Mismaloya¥ / 

Tlacoyunque¥ 

 > 20,000 females 

(1970s) each 

Collapsed from 

fishing pressure 

Depleted 

< 5,000 nests/year 

Mexico Chacahua  20,000-50,000 

(1974) 

Collapsed from 

fishing pressure 

Depleted, irregular 

trend 

2,000-15,000 

nests/year 

Mexico Morro Ayuta  No historical data Stable or increasing 

10,000-100,000 

nests/year 

Mexico IxtapillaĂ 1994 No significant 

nesting before 1994 

> 150,000 nests/year 

(2008-2010) 

Mexico La Escobilla Before 

1950 

180,000-400,000 

females (1970s) 

Declined from 

fishing pressure 

200,000 nests in 

1991 

Increasing until 

2006 

Now stable 

> 1,000,000 

nests/year 

Nicaragua  Boquita¥/ 

Masachapa¥/ 

Pochomil¥ 

 Former arribada 

rookeries; collapsed 

from egg harvesting 

pressure 

Extinct as arribada 

rookeries 

Nicaragua Chacocente/ 

La La Flor 

 Legal harvesting 

projects since 1983 

(Chacocente) and 

1993 (La Flor) 

No estimates on 

effects 

> 325,000 

turtles/year 

(combined data for 

both rookeries 1993-

1999) 

Increasing 

Costa Rica Nancite 1971 One of the largest 

arribada rookeries in 

the Eastern Pacific > 

140,000 turtles/year 

(1970s) 

Collapsed from 

natural causes 

Depleted but stable 

2,000-12,000 

turtles/arribada 
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Costa Rica Ostional 1971 

1940s  

(local 

reports) 

200,000-1,100,000 

turtles/arribada 

(1988-1997) 

Legal harvesting 

project since 1987 

Decline from 

historical levels 

Currently increasing 

or stable 

High variability: 

3,500-475,000 

turtles/arribada 

(2000-2006) 

Panama Isla Cañas  15,000-60,000 nests 

(1990s) 

Legal harvesting 

project 

Decreasing 

5,000-12,000 

turtles/arribada 

Suriname Galibi Nature 

Reserve¥ 

(Eilanti) 

1960s Arribada rookery 

> 3,000 in 1968 

Collapsed from egg 

harvesting, fishing 

related mortality and 

natural erosion 

Depleted 

A few hundred nests 

India Several 

beaches¥  

1708 Report by Hamilton 

ñProdigious number 

of sea tortoises resort 

to lay their eggsò 

between Cunnaca 

(Maipura) and 

Balasore (Budha 

Balanga) 

Disappeared 

Precursor of 

Gahirmatha 

arribada? 

India Gahirmatha 1974 Largest rookery in the 

world in the 1970s 

1,000-100,000 

turtles/arribada 

Decreasing 

India Devi River 1981 Considerable 

reduction 

Not monitored until 

the 1990s 

> 25,000 turtles in 

1997 

India Rushikulya 1994 High fluctuation in 

numbers 

10,000-200,000 

turtles/arribada 
 

¥ Former arribada rookeries that are currently heavily depleted (< 5,000 nests) or where 

arribadas do not occur anymore 
ĂNew arribada rookery 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 fidelity (Kalb 1999), and may switch between 

different beaches separated by dozens to hundreds of kilometers within a single nesting 

season (Schulz 1971; Tripathy and Pandav 2008). Conversely, arribada nesters generally 

show high site fidelity and remain close to the nesting beach during the entire season 

(Pandav et al. 2000). Arribada nesters show larger relative clutch sizes (Plotkin and 

Bernardo 2003; Kumar et al. 2013) and higher multiple paternity levels (Jensen et al. 

2006). Moreover, the internesting period is longer in arribada nesters (28 days) than in 

solitary nesters (14 days) (Pritchard 1969; Kalb 1999).  

Some of these differences have been proposed to be adaptive.  The larger clutch 

size in arribada nesters might be an additional adaptation for predator satiation, or a 

consequence of differential energy requirements between the two strategies. Given that 

solitary nesters travel during the internesting period while arribada 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 of arribada behavior. Likewise, longer internesting periods would be 

advantageous at arribada beaches for several reasons. First, they may help nesting 

synchronization, by ñwaitingò for as many females as possible to complete egg 

development and be ready to nest at once (Hamann et al. 2002). Olive ridleys have, in 

fact, the capacity to modify the length of the internesting period, as demonstrated by a 

group of 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 internesting periods may reduce the destructive 
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effects that new arribadas cause on previously deposited nests. Because the incubation 

period for olive ridleys takes an average of 55 days, nests from one arribada are in risk of 

being dug up only during the following one, whereas if the internesting period was 14 

days each new arribada would affect nests from several previous nesting events. Third, 

internesting periods of 28 days may well reduce thermal interference between nests from 

successive arribadas. In high-density nesting sites the temperature increase that each nest 

experiences due to metabolic heating affects neighboring nests (Maulany et al. 2012; 

Duran and Dunbar In prep), and may cause low hatching success and decrease hatchling 

fitness if temperatures become excessively high. Metabolic heating is substantial mostly 

during the second half of the incubation (Broderick et al. 2001; DeGregorio and Williard 

2011; Damazo 2014) and thus, the periods of high metabolic heating of two arribadas 

separated by 28 days should be less likely to overlap.      

The differences between solitary and mass nesting olive ridleys have been 

considered large enough to classify them as distinct Management Units, even when they 

share the same general nesting area (Wallace et al. 2010). However, recent data suggests 

that the distinction between arribada 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 season (Kalb 1999; Bernardo 

and Plotkin 2007). Solitary females from Australia (Hamel et al. 2008) and Brazil (Matos 

et al. 2012) showed internesting periods longer than expected, and the latter also showed 

high nesting site fidelity typical of arribada nesters. Plot et al. (2012) found reproductive 

synchrony and long internesting intervals (28 days) in a small non-arribada population in 

French Guiana. On the other hand, low site fidelity has been reported for arribada 
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females recorded nesting alternately between different rookeries (Cornelius and Robinson 

1985; Pandav 2000; Tripathy and Pandav 2008). Given the temporary nature of arribada 

beaches, some of these intermediate behaviors may reflect residuals from previous 

arribadas or the initial steps in the formation of new arribada beaches. In any case, the 

behavioral and physiological flexibility of olive ridleys allows them to capitalize on the 

ephemeral advantages of mass nesting and to survive after its eventual collapse. The 

ability to move between beaches, to alter the length of the internesting period, and to 

switch between arribada and solitary behavioral modes are crucial adaptations that may 

assist in colonizing new areas when this happens (Tripathy and Pandav 2008; Duran et al. 

2015). Figure 2b represents the reproductive polymorphism of olive ridleys suggested by 

Pritchard (2007), with the life cycle of arribada beaches and its connection with solitary 

nesting, including the two fitness peaks described by Bernardo and Plotkin (2007).  

The arribada behavior has been the focus of many research projects on olive 

ridleys for several decades, but important questions remain unanswered. Why arribadas 

are only performed by Lepydochelys sea turtles is still a mystery, given that other species 

also show reproductive aggregations but have never evolved synchronous nesting. 

Experimental evidence is lacking on the actual benefits of arribada vs solitary nesting. 

Arribada nests are supposed to suffer less relative predation and yield fitter hatchlings 

than solitary nests, but these hypotheses have yet to be investigated. The specific role of 

Rathkeôs glands in nesting synchronization has not been accurately assessed, as well as 

other physiological mechanisms, such as the specific mechanisms olive ridleys use to 

delay 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 of arribada beaches in ecological time, and genetic and satellite 

tracking studies may enlighten the relationship between neighboring solitary and 

arribada populations.  

 

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 goods (Frazier 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 persist (Frazier 2003; Spotila 2004). The reproductive behavior of 

olive ridleys makes this species highly vulnerable to human overexploitation (Cornelius 

and Robinson 1985; Plotkin et al. 2012). The dense aggregations of males and females 

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 contact. From archeological 

artifacts and chronicles of European explorers we know that pre-Colombian cultures 

captured olive ridleys and widely used a number of sea turtle products, such as meat, 

shells, skins, and eggs (Plotkin 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 large-scale, commercial and industrial harvesting, 

followed by population collapses and subsequent government regulations and protective 
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measures, which resulted in different outcomes depending on the particular 

circumstances of each region.  

Before the second half of the twentieth century, most of the traditional harvest, 

both of adults and eggs, was kept at sustainable subsistence levels (Plotkin et al. 2012). 

However, in the 1940s and 1950s local subsistence use was progressively replaced by 

much larger commercial and industrial exploitations. The industrial fishery that 

flourished in Mexico in the 1960s replacing crocodile skins with turtle skins in the 

fabrication of luxury goods, killed at least 1.3 million turtles, most of them olive ridleys, 

in less than two decades (Plotkin et al. 2012). In Ecuador, almost 500,000 olive ridleys 

were captured and slaughtered for meat and skin from 1970 to 1981 (Plotkin et al. 2012). 

The total estimate for the Eastern Pacific fisheries was 2.5 million animals in three 

decades, not counting the black market (Plotkin et 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 mid-1980s (Spotila 2004; Cornelius et al. 2007). These turtles were 

consumed locally or transported by road and 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 countries (Tripathy and 

Choudbury 2007). In Suriname, indigenous people from coastal areas used sea turtle 

products beginning in the late 1600s. However, in the twentieth century, pressure on 

nesting populations increased steadily due to high national and international demand for 

meat and eggs (Campbell 2007; Cornelius et al. 2007). More than 1,500 females were 

taken yearly from 1933 to 1940, which encompassed between 15% and 50% of the total 

Suriname nesting population (Godfrey and Chevalier 2004).  
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From the 1930s to the 1970s, olive ridley egg harvesting reached its highest 

intensity on most beaches (both solitary and arribada) in the speciesô range. Harvesting 

rates over 90% were reported for Eilanti beach in Suriname, for many solitary beaches in 

the eastern Pacific, and for several Indian nesting sites (Campbell 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 historical arribada rookeries in Mexico 

became severely depleted (Plotkin et al. 2012), and several solitary beaches lost their 

turtles (Spotila 2004). Two arribada beaches in Nicaragua disappeared due to egg 

overharvesting (Nietschmann 1975), and widespread declines have been reported all 

along the Pacific coast of Central America (Cornelius et al. 2007). In the western 

Atlantic, the Eilanti arribada beach in Suriname collapsed (Hoeckert et al. 1996), and the 

nesting population of Guyana was extirpated (Cornelius et al. 2007). Declines of solitary 

nesting olive ridleys were registered throughout the Indian Ocean in India, Bangladesh, 

Myanmar, Malaysia, Pakistan, and Sri Lanka (Cornelius et al. 2007). The arribada 

population nesting at Gahirmatha, India, also decreased, and arribadas failed to appear 

for three consecutive years (Shanker 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 sea turtle egg 

harvesting beginning as early as 1927 (Campbell 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 sustainable use of the 
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resource (Campbell 2007). Protection of nesting beaches also began during this period. 

Although these measures likely postponed the final collapse (Cliffton et al. 1995), 

population numbers continued decreasing, eventually leading the Mexican government to 

permanently close the fishery in 1990 and decree a total ban on harvesting of all species 

and subspecies of sea turtles (Peñaflores et al. 2000). 

To protect their nesting beaches, several East Pacific countries established 

protected coastal areas. Nicaragua created the Chacocente-Rio Escalante Wildlife Refuge 

in 1983 (Stewart 2001), and Playa La Flor was declared a wildlife refuge in 1996 (Hope 

2002). Isla Cañas, in Panama, was made a part 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 yearly non-harvesting period or veda (the Spanish 

word for ñclosureò), coincident with the peak of the nesting season (Minarik 1985; 

Campbell 2007).   

In Costa Rica, the harvest of sea turtles and their eggs has been prohibited since 

1966 under the Wildlife Conservation Law 4551(Campbell 2007), and similar measures 

have been implemented worldwide. Suriname protected some of their nesting beaches 

beginning 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 1970 (Campbell 2007). The Indian Wildlife 

(Protection) 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 I of this law (Tripathy 

and Choudbury 2007). In 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 declaration of offshore coastal waters as a óNo Fishing Zoneô 

(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 countries became 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 protection (Richardson 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 ridley sea turtle on the IUCN Red 

List was reviewed in 2007, and changed from Endangered to Vulnerable because of these 

increasing numbers (Abreu-Grobois and Plotkin 2008). The estimate for the current 

world population of olive ridleys is about 2 million nesting females and more than 4 

million individuals including males and juveniles (Spotila 2004). For an estimate of the 

Eastern Pacific population, Eguchi et al. (2007) used aerial surveys and calculated 

approximately 1.4 million animals. Despite these seemingly large 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 1950 (Spotila 2004).   

When considering individual populations, some are clearly increasing. There are 

even reports of a new arribada rookery developing on a Mexican beach with no historical 

record of hosting olive ridley nesting (Plotkin et al. 2012). One encouraging example of 
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population increase due to successful protective measures is the rookery 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 frequency of arribadas has doubled since the 

fishery was closed (Plotkin et al. 2012). The number of nests in Brazil has shown a 

significant upward trend during the last two decades (Godfrey and Chevalier 2004), 

allegedly due to the conservation efforts of the NGO Projeto TAMAR-IBAMA (the 

Brazilian Sea Turtle Conservation Program) (Da Silva et al. 2007). Increasing trends have 

also been reported for the two Nicaraguan arribada beaches, Chacocente and La Flor, 

(Plotkin et al. 2012) and for the French Guiana population (Kelle et al. 2009). Three 

causes have been suggested for the increase in the latter case: long-term conservation 

efforts, movement of females from the neighboring Suriname population, and past 

underestimates due to poor beach monitoring (Kelle et al. 2009).  

Despite all these optimistic data, olive ridleys are not increasing in all areas of 

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 Mexican arribada beaches remain depleted (Márquez et al. 1998; Plotkin et al. 

2012), and the populations at many solitary beaches in the country persist at low levels 

(Abreu-Grobois and Plotkin 2008). Likely reasons for this situation are the current 

unsustainable levels of active turtle hunting and egg poaching inflicted upon most olive 

ridley populations despite the ban and the supposed protection of nesting beaches 

(Castellanos Michel et al. 2003; Garcēa et al. 2003; Koch et al. 2006). The situation in 

coastal West Africa is even more severe. The lack of basic data on historical nesting 

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 evident (Cornelius et al. 2007).  In India and throughout the Indian 

Ocean, most olive ridley populations are also declining. Although egg poaching 

(Bhupathy and Karunakaran 2003; Tripathy and Choudbury 2007) and some adult 

exploitation for meat consumption (Mohanraj 2011) still exist, the main cause for the 

ongoing decline in Indian waters is the high rate of by-catch in mechanized coastal 

trawler fisheries (Shanker et al. 2005). 

 

Beach Conservation Strategies and Management Techniques 

During the last 50 years, olive ridley nesting populations have been 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 in both arribada and solitary beaches. 

The relative success of each approach is briefly assessed, as well as the advantages and 

shortcomings related to their implementation. Note that these strategies and techniques 

are not all mutually exclusive, and thus more than one have been, or 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 conservation (Pritchard 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 long-term sustainability (Campbell 2002). 
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However, taking into account that sea turtles are long-lived, slow maturing animals that 

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 extracted (Mace and 

Reynolds 2001; Campbell 2002). To our knowledge, no modeling has been applied to 

olive ridley populations to evaluate the possible consequences of adult exploitation on 

population dynamics, yet such models on other sea turtle species have shown that 

increasing adult mortality, even in relatively low amounts, could severely threaten the 

future of some populations (Crouse 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 depletion of arribada beaches (Alava 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 region (Rodríguez-

Zárate et al. 2013). Even 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 experts (Campbell 2002), and most domestic regulations (Patnaik 

and Kar 2000; Campbell 2007) and international agreements regarding sea turtle 

conservation (Richardson et al. 2006) specifically forbid this practice. Currently, the 

harvest of adult turtles is excluded from most olive ridley conservation programs, with a 

yearly estimate of less than 300 animals total which are legally hunted in countries that 

still allow direct take of sea turtles (Humber et al. 2014). Unfortunately, the use of sea 

turtle meat is deeply rooted in some traditional cultures, 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).            

 

Controlled Egg Harvesting in Arribada Beaches 

To extract a portion of the eggs from arribada beaches and use them for human 

consumption has been justified from a conservation standpoint due to the high embryonic 

mortality rates typical for these beaches (Cornelius et al. 1991).  The best known example 

of implementation of this strategy is the controlled egg harvesting program in Ostional, 

Costa Rica (Campbell 1998). Local residents are allowed to harvest eggs during the first 

36 hours of each arribada, as the majority of those eggs would be destroyed by the 

digging of successive nesting turtles. The harvesting process and the commercialization 

of eggs are undertaken by a community association, which also organizes activities to 

enhance sea turtle conservation, such as beach cleanups, hatchling liberations, and beach 

patrolling 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 

because it encourages consumptive use (Campbell 2007) and because some doubts exist 

about its long-term sustainability (Valverde et al. 2012). However, the sea turtle 

population at Ostional appears to be stable or increasing (Chaves et al. 2005), and 

hatching success is higher in harvested areas than in non-disturbed areas (Mehta et al. 

2000).  

Other egg harvesting strategies have been tried in Nicaraguan arribada beaches 

(Campbell 2007) with lower levels of success than the Ostional program. In a 

comparative study, 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 Egg Harvesting and Protected Periods (Vedas) 

International agreements, such as the Convention on the Conservation of 

Migratory Species of Wild Animals (CMS) and the Inter-American Convention for the 

Protection and Conservation of Sea Turtles (IAC), pursue complete protection and total 

banning of the use of sea turtles, eggs, and any other turtle products (Hykle 1999; 

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

satisfy the economic needs of traditional subsistence users (Richardson et al. 2006). The 

signatory countries have the responsibility to incorporate the requirements of the 

agreements into their domestic legislation, but terms such as ñsubsistence needsò or 

ñtraditional communitiesò are not clearly defined and allow for a wide array of 

interpretations.  In Malaysia, for instance, a percentage of eggs is transferred to 

hatcheries, while the rest are legally marketed by licensees (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 specific periods of the year called vedas (Cornelius et al. 2007). The 

length of these periods, the level of enforcement, and the specific ways the protection is 

implemented vary among countries. The protected period in Nicaragua extends from July 

1 st to January 31st. The nests remain in situ, and the levels of illegal harvesting are high 

(Hope 2002). In Honduras, the veda period 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 by the military, and local communities participate in collecting the eggs and 

relocating them to hatcheries (Dunbar and Salinas 2008; Dunbar et al. 2010).  

The effectiveness of these types of conservation measures has been questioned 

due to the low percentage of eggs effectively protected in most cases (12% in Honduras, 

10% in Guatemala, less than 1% in El Salvador) (Spotila 2004).          

 

Strict Protection 

Only a few olive ridley nesting beaches are completely protected from human 

disturbance. One of these is Playa Nancite, a remote 1-km 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 more than 20 years (Valverde et al. 1998; Fonseca et al. 

2009). The alleged reason for this decline is a very low hatching success caused by a poor 

nesting environment (Fonseca et al. 2009), although fishery related mortality may also 

have contributed (Spotila 2004; 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 

nests in situ is preferable to relocating them (Mortimer 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 causes (Mortimer 1999). The use of hatcheries on 

olive ridley solitary nesting beaches has been reported throughout their range (Silas and 

Rajagopalan 1984; Garcēa et al. 2003; Spotila 2004; Tisdell and Wilson 2005; Cornelius 
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et al. 2007; Dunbar et al. 2010; Maulany et al. 2012), but its contribution to population 

maintenance or recovery varies widely (Cornelius et al. 2007). Hatchery management is 

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

values for natural nests (Eckert and Eckert 1990; Garcēa et al. 2003; Pintus et al. 2009; 

Duran and Dunbar In prep).  In addition, relocation of eggs to hatcheries is known to alter 

incubation temperatures (DeGregorio and Williard 2011; Sieg et al. 2011; Duran and 

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

length of the incubation period. Conversely, if 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 

(Garcēa 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 

afterwards (Pritchard et al. 1983). The rationale for these programs is to spare the 

neonates from the large array of threats that jeopardize them during the hatchling stage 

and thus increase their chance of survival (Bowen et al. 1994). Headstarting as a practice 

is limited to those species lacking or providing minimal parental 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 save the highly decimated Kempôs 

ridley sea turtle population from extinction (Bowen et al. 1994; 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). Headstarting is not a widespread practice in olive ridley 

management, but it has been reported from hatcheries in Sri Lanka (Tisdell and Wilson 

2005), Peru (Kelez et al. 2009), southern Thailand (Chantrapornsyl 1992) and Honduras 

(Dunbar 2011). These types of programs are usually initiated by well-intended 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 animals (Okuyama et al. 2006; Okuyama et al. 2010). These data, along with the 

lack of evidence on actual success (Perran Ross 1999), suggest headstarting is not 

recommended. 

 

Community Based Conservation 

Community Based Conservation (CBC) refers to conservation initiatives designed 

to simultaneously promote nature preservation and human development by actively 

involving local communities during all stages of the project (Kellert et al. 2000; 

Campbell and Vainio-Mattila 2003). Although the concept of CBC appears widely 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 decision-making process and aims to 

eventually turn management rights of the traditional natural resources over to the 

communities. Campbell (2002) found that most sea turtle experts were reticent to assign 

rights for resources to the local people and opposed allowing them control 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 governmental agencies (De 

Vasconcellos Pegas 2009). One 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 program at Ostional, 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 Network for 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 carry out beach 

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 almost 100% of the 

nests were poached (Vannini 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 project (Vannini et al. 2011; Barragan 2012). 

 

Non-Consumptive Use (Ecotourism) 

Several sea turtle conservation projects aim to obtain economic profit for local 

communities by using the resource in a non-consumptive way, i.e. one which does not 

involve the extraction of the animals or their eggs from the ecosystem. The preferred 

option is turning these coastal communities into ecotourism destinations. Some examples 

of olive ridley conservation projects based on ecotourism and other non-consumptive 
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uses are The Sea Turtle Conservation Program (PROTUMAR) in Oaxaca, Mexico 

(Barragan 2012), discussed in the section Community Based Conservation, and the 

TAMAR-IBAMA project (the Brazilian Sea Turtle Conservation Program) in Brazil (De 

Vasconcellos Pegas 2009). The TAMAR-IBAMA project is a cooperative effort between 

the Brazilian Government and a non-profit 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 them coastal community residents.  

It has been suggested that ecotourism yields higher economic benefits than direct 

resource exploitation (Campbell 2002; Tisdell and Wilson 2005), but that it may not be a 

viable alternative for specific sites (Denman 2001). Additionally, the development of 

ecotourism projects has some environmental drawbacks that must be taken into account 

(Campbell 2007; Meletis and Campbell 2007), as they may require compromises in 

management practices that are potentially harmful for the protected species. For example, 

tourism-based olive ridley hatcheries in Sri Lanka hold hatchlings in small artificial sea 

water ponds for several days in order to show them to the tourists (Tisdell and Wilson 

2005). This is highly detrimental because hatchlings exhaust the energy reserves needed 

for offshore migration (Mortimer 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 use, since most sea turtle experts do not view 

consumptive use favorably (Campbell 2002; Spotila 2004). Although egg harvesting is 

better tolerated than the taking of adults, the majority of sea turtle biologists would prefer 



 

51 

to eliminate even successfully controlled egg harvesting programs and instead promote 

non-consumptive uses, such as ecotourism (Campbell 2002).  Uncertainty regarding the 

actual impact of harvesting programs (Valverde 1999; Valverde et al. 2012) is a common 

argument used against them, but according to Campbell (2007) this attitude could be 

based more on philosophical preconceptions than on actual conservation-related facts. 

Nevertheless, some scholars within the sea turtle community are open to consumptive use 

as a viable conservation strategy for specific cases (Campbell 1998; Campbell et al. 2007; 

Godfrey et al. 2007; Mrosovsky 2010). Due to its worldwide abundance and its arribada 

behavior, the olive ridley sea turtle is probably the best candidate for such use, although 

the actual viability of the strategy would require a careful assessment on a case-by-case 

basis (Godfrey et al. 2007). Mrosovsky (2010) suggested that an enhanced management 

of arribada beaches designed to increase hatching success would provide an 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 eggs and adults, that takes place in most 

of the olive ridley range despite extensive nesting beach protection efforts and domestic 

and international regulations (Seminoff et al. 2012). This illegal harvesting is likely 

hampering the recovery of several nesting beaches (Koch 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 corruption, have been identified as key motivators for people to engage in 

such illegal behavior (Mancini and Koch 2009; Mancini et al. 2011; Tanner 2013). An 
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additional factor reported by Senko et al. (2011) was the peopleôs lack of belief that the 

turtles are actually 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 olive ridleys, 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. However, neither its abundance nor its high 

adaptability makes the olive ridley invulnerable to anthropogenic threats. In fact, in 

recent history its special mass reproductive behavior facilitated such overexploitation that 

several nesting populations have disappeared, and many others remain depleted today. 

Because of its high abundance relative to other sea turtle species, and its 

conservation status recently downgraded to Vulnerable on the IUCN Red List, the olive 

ridley sea turtle is of low priority on the conservation 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 measures (Plotkin 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.  

This situation does not bode well for olive ridleys. According to Banduraôs Social 

Learning Theory (Bandura and McClelland 1977), when everyone breaks the law, illegal 
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behavior becomes socially acceptable. Moreover, local communities feel the legitimacy 

of engaging in illegal behavior when they perceive conservation regulations as unjust, 

externally imposed, or arbitrary (Mancini et al. 2011). Many olive ridley rookeries are 

located in areas of extreme poverty (Hope 2002; Mrosovsky 2010), where local people 

have historically relied on the use of sea turtle products as part of their traditional diet or 

as an important source of income (Hope 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 close proximity to the 

rookeries. The common patterns of severe human poverty and high levels of illegal 

harvesting present in many olive ridley nesting regions suggest that the only way to be 

successful in conservation is by providing some type of benefit to humans, as 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 be successful, the main 

goal of such a strategy 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 and locations of egg exploitation into ecotourism destinations. However, this is 

not always feasible, and 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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resources 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 provided in Figure 3.  This strategy has been designed as a 5-stage 

process: assessment, analysis, planning, implementation, and evaluation. CBC defining 

features have been incorporated in every step of the process.  

During the analysis stage, it is important that the specific objectives 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 areas. 

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 consumptive use, if necessary. This approach, likely 

challenging 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 ignored (Campbell 

2007).  Moreover, communities that view sea turtle eggs as long-term profitable 

resources under their responsibility will have an incentive to protect turtles and beaches, 

and to help enforce conservation regulations (Mancini et al. 2011). 
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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 (italics) to apply in specific 

situations.  
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To prevent past failures, such as consumptive use programs resulting in 

overexploitation of the population, continuous monitoring of the project and periodic 

evaluation of biological and social outcomes are crucial (Valverde 1999). The careful 

application of enhanced beach management techniques is expected to yield increased 

hatching success and an excess of usable eggs (Mrosovsky 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 non-consumptive 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 

promotion of alternative non-consumptive conservation activities should be also carried 

out (Valverde 1999). If the development of a non-consumptive 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 combination (Meletis and Campbell 2007). Additional, 

more creative initiatives can also be sought in order to foster the transition towards non-

consumptive uses. For example, Senko (2009) investigated what the effects on sea turtle 

meat consumption would be if physicians informed their patients of the health problems 

related with such consumption, and Nichols and Palmer (2006) 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 mid-1980s sea turtles were reclassified from halal (permitted food) 

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

consumption decreased significantly in some countries (Macrae 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 the relationship 

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 worthwhile? 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 

questions about arribada behavior still remain unanswered (Bernardo and Plotkin 2007; 

Plotkin 2007; Plotkin 2007). Future 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 Kempôs ridley, research studies may be able to use olive ridleys as a proxy 

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 the brink of extinction. Continuous research 

aimed at informing and improving 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 poverty render this species and 

its eggs a valuable food resource for many human populations (Mrosovsky 2010), 

making it crucial to assess whether a sustainable long-term 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 especially accessible 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 general (Frazier 2005). 



 

60 

References 

Abreu-Grobois, F.A., P.T. Plotkin (2008) Lepidochelys olivacea. 2008 IUCN Red List of 

Threatened Species  

Alava, J.J., P. Pritchard, J. Wyneken, H. Valverde (2007) First documented record of 

nesting by the olive ridley turtle (Lepidochelys olivacea) in Ecuador. Chelonian 

Conservation and Biology, 6(2), 282-285. 

Allen, C.H. (1990) Guest editorial: Give 'headstarting'a chance. Marine Turtle 

Newsletter, 51, 12-16. 

Allen, C.H. (1992) It's time to give Kemp's ridley head-starting a fair and scientific 

evaluation. Marine Turtle Newsletter, 56, 21-24. 

Bandura, A., D.C. McClelland (1977). Social Learning Theory. Prentice Hall, Englewood 

Cliffs. 

Barragan, A.R. (2012) Nesting Beach Conservation in the Mexican Pacific. In: J.A. 

Seminoff & B.P. Wallace (Eds). Sea Turtles of the Eastern Pacific. Advances in 

Research and Conservation. The University of Arizona Press: 224-243. 

Behera, S., B. Tripathy, B. Choudhury, K. Sivakumar (2010) Behaviour of olive ridley 

turtles (Lepidochelys olivacea) prior to arribada at Gahirmatha, Orissa, India. 

Herpetology Notes (3), 273-274. 

Behera, S.K., K. Sivakumar, B. Choudhury, S. John (2014) Diet Preference and Prey of 

Olive Ridley Turtles (Lepidocheyls olivacea) along East Coast of India, Odisha. 

Open Journal of Ocean and Coastal Sciences, 1(1), 73-82. 

Bernardo, J., P.T. Plotkin (2007) An evolutionary perspective on the arribada 

phenomenon and reproductive behavioral polymorphism of olive ridley sea turtles 

(Lepidochelys olivacea). In: P.T. Plotkin (Ed). Biology and conservation of ridley 

sea turtles. The Johns Hopkins University Press, Baltimore: 59-87. 

Bézy, V.S., R.A. Valverde, C.J. Plante (2014) Olive Ridley Sea Turtle Hatching Success 

as a Function of Microbial Abundance and the Microenvironment of In Situ Nest 

Sand at Ostional, Costa Rica. Journal of Marine Biology, 2014. 

Bhupathy, S., R. Karunakaran (2003) Conservation of olive ridley sea turtle Lepidochelys 

olivacea (Reptilia/Chelonia) along the Nagapattinam coast, southeast coast of 

India. Indian Journal of Marine Sciences, 32(2), 168-171. 

Biswas, S. (1982) A report on the olive ridley, Lepidochelys olivacea (Eschscholtz) 

(Testudines: Chelonidae) of Bay of Bengal. Records Zool. Survey of India, 79, 

275-302. 



 

61 

Bjorndal, K.A. (1997) Foraging ecology and nutrition of sea turtles. The biology of sea 

turtles, 1, 199-231. 

Bjorndal, K.A. (1999) Priorities for Research in Foraging Habitats. In: K.L. Eckert, K.A. 

Bjorndal, F.A. Abreu Grobois & M. Donnelly (Eds). Research and Management 

Techniques for the Conservation of Sea Turtles. IUCN/SSC Marine Turtle 

Specialist Group Publication. 

Bolten, A.B. (2003) Variation in sea turtle life history patterns: neritic vs. oceanic 

developmental stages. The biology of sea turtles, 2, 243-257. 

Bowen, B., T. Conant, S. Hopkins-Murphy (1994) Where are they now? The Kemp's 

ridley headstart project. Conservation Biology, 8(3), 853-856. 

Bowen, B., S. Karl (2007) Population genetics and phylogeography of sea turtles. 

Molecular Ecology, 16(23), 4886-4907. 

Broderick, A.C., B.J. Godley, G.C. Hays (2001) Metabolic heating and the prediction of 

sex ratios for green turtles (Chelonia mydas). Physiological and Biochemical 

Zoology, 74(2), 161-170. 

Campbell, L. (2007) Understanding Human Use of Olive Ridleys. In: P.T. Plotkin (Ed). 

Biology and Conservation of Ridley Sea Turtles. The Johns Hopkins University 

Press Baltimore, MD: 23-43. 

Campbell, L., A. Vainio-Mattila (2003) Participatory Development and Community-

Based Conservation: Opportunities Missed for Lessons Learned? Human 

Ecology, 31(3), 417-437. 

Campbell, L.M. (1998) Use them or lose them? Conservation and the consumptive use of 

marine turtle eggs at Ostional, Costa Rica. Environmental Conservation, 25(04), 

305-319. 

Campbell, L.M. (1998) Use them or lose them? Conservation and the consumptive use of 

marine turtle eggs at Ostional, Costa Rica. Environmental Conservation, 25(4), 

305-319. 

Campbell, L.M. (2002) Conservation narratives and the ñreceived wisdomò of 

ecotourism: Case studies from Costa Rica. International Journal of Sustainable 

Development, 5(3), 300-325. 

Campbell, L.M. (2002) Science and sustainable use: views of marine turtle conservation 

experts. Ecological Applications, 12(4), 1229-1246. 

Campbell, L.M. (2007) Local conservation practice and global discourse: a political 

ecology of sea turtle conservation. Annals of the Association of American 

Geographers, 97(2), 313-334. 



 

62 

Campbell, L.M., B.J. Haalboom, J. Trow (2007) Sustainability of community-based 

conservation: sea turtle egg harvesting in Ostional (Costa Rica) ten years later. 

Environmental Conservation, 34(2), 122-131. 

Casas-Andreu, G. (1978) Análisis de la anidación de las tortugas marinas del género 

Lepidochelys en México. [Analysis of nesting of marine turtle of the Lepidochelys 

genus in Mexico], Anales del Centro de Ciencias del Mar y Limnología (México): 

141-158. 

Casas-Andreu, G., S. Gómez-Aguirre (1980) Contribución al conocimiento de los hábitos 

alimenticios de Lepidochelys olivacea y Chelonia mydas agassizi (Reptilia, 

Cheloniidae) en el Pacífico Mexicano. Brazilian Journal of Oceanography, 29(2), 

87-89. 

Castellanos Michel, R., F. Gastellum, J. Acosta, R. Hazlewood, E. Flores (2003) 

Biometrics Values and Nesting Seasonality of Olive Ridleys (Lepidochelis 

olivacea) in Majahuas, Jalisco, Mexico, Twenty-third Annual Symposium on Sea 

Turtle Biology and Conservation: 170. 

Chaloupka, M. (2002) Stochastic simulation modelling of southern Great Barrier Reef 

green turtle population dynamics. Ecological modelling, 148(1), 79-109. 

Chantrapornsyl, S. (1992) Biology and conservation olive ridley turtle (Lepidochelys 

olivacea, Eschscholtz) in the Andaman Sea, southern Thailand. Research bulletin. 

Phuket Marine Biological Center. Phuket(57), 51-66. 

Chaves, G., R. Morera, J.R. Avilés, J.C. Castro, M. Alvarado (2005) Trends of the 

Nesting Activity of the ñArribadasò of the Olive Ridley (Lepidochelys olivacea, 

Eschscholtz 1829), in the Ostional National Wildlife Refuge (1971-2004). 

Escuela de Biologia, Universidad de Costa Rica, San Jose, Costa Rica. 

Cliffton, K., D.O. Cornejo, R.S. Felger (1995) Sea turtles of the Pacific coast of Mexico. 

In: K. Bjorndal (Ed). Biology and Conservation of Sea Turtles, revised edition. 

Smithsonian Institution Press, Washington DC: 199-209. 

Clusella Trullas, S., F.V. Paladino (2007) Micro-environment of olive ridley turtle nests 

deposited during an aggregated nesting event. Journal of Zoology, 272(4), 367-

376. 

Colman, L.P., C.L.S. Sampaio, M.I. Weber, J.C. de Castilhos (2014) Diet of Olive Ridley 

Sea Turtles, Lepidochelys olivacea, in the Waters of Sergipe, Brazil. Chelonian 

Conservation and Biology, 13(2), 266-271. 

Cornelius, S., R. Arauz, J. Fretey, M. Godfrey, S.K. Marquez-M R (2007) Effect of land 

based harvest of Lepidochelys. Biology and Conservation of Ridley Sea Turtles. 

Johns Hopkins University Press, Baltimore, MD, 231-251. 



 

63 

Cornelius, S., D.C. Robinson-Clark (1986) Post-nesting movements of female olive 

ridley turtles tagged in Costa Rica. Movimientos post-anidamiento de la hembra 

de las tortugas lora marcadas en Costa Rica. Vida Silvestre Neotropical., 1(1), 12-

23. 

Cornelius, S.E., D.C. Robinson (1985) Abundance, distribution and movements of olive 

ridley sea turtles in Costa Rica, V. Final report to U.S. Fish and Wildlife Service. 

Cornelius, S.E., M.A. Ulloa, J.C. Castro, M. Mata del Valle, D.C. Robinson, J.G. 

Robinson, K.H. Redford (1991) Management of olive ridley sea turtles 

(Lepidochelys olivacea) nesting at Playas Nancite and Ostional, Costa Rica. In: J. 

Robinson & K. Redford (Eds). Neotropical Wildlife Use and Conservation, 

Chicago, USA: 111-135. 

Crouse, D.T., L.B. Crowder, H. Caswell (1987) A stage-based population model for 

loggerhead sea turtles and implications for conservation. Ecology, 68(5), 1412-

1423. 

Da Silva, A.C.C., J.C. De Castilhos, G.G. Lopez, P.C. Barata (2007) Nesting biology and 

conservation of the olive ridley sea turtle (Lepidochelys olivacea) in Brazil, 

1991/1992 to 2002/2003. Journal of the Marine Biological Association of the 

United Kingdom, 87(04), 1047-1056. 

Damazo, L.R.E. (2014) Nesting Ecology of Hawksbill Sea Turtles (Eretmochelys 

imbricata) on Utila, Honduras. Department of Earth and Biological Sciences. 

Loma Linda University, Loma Linda: 97. 

De Vasconcellos Pegas, F. (2009) Twenty-five Years of Sea Turtle Protection in Brazil: 

Evaluating Local Effects. Texas A&M University: 217. 

DeGregorio, B.A., A.S. Williard (2011) Incubation Temperatures and Metabolic Heating 

of Relocated and In Situ Loggerhead Sea Turtle (Caretta caretta) Nests at a 

Northern Rookery. Chelonian Conservation and Biology, 10(1), 54-61. 

Denman, R. (2001) Guidelines for Community-Based Ecotourism Development. . World 

Wildlife Fund International, Gland, Switzerland. 

Deraniyagala, P.E.P. (1953). A Colored Atlas of Some Vertebrates from Ceylon: Tetrapod 

Reptilia. Ceylon Govt. Press. 

Dunbar, S.G. (2011) pers. comm. 

Dunbar, S.G., L. Salinas (2008) Activities of the Protective Turtle Ecology Center for 

Training, Outreach, and Research, Inc. (ProTECTOR) on Olive Ridley 

(Lepidochelys olivacea) in Punta Raton, Honduras. Protective Turtle Ecology 

Center for Training, Outreach, and Research (ProTECTOR), Loma Linda, CA. 



 

64 

Dunbar, S.G., L. Salinas (2013) Activities of the Protective Turtle Ecology Center for 

Training, Outreach, and Research, Inc (ProTECTOR) in Honduras; Annual 

Report of the 2011 and 2012 Seasons ProTECTOR, Loma Linda, CA, : 54. 

Dunbar, S.G., L. Salinas, S. Castellanos (2010) Activities of the Protective Turtle 

Ecology Center for Training, Outreach, and Research, Inc. (ProTECTOR) on 

Olive Ridley (Lepidochelys olivacea) in Punta Raton, Honduras. Annual Report 

of the 2008-2009 season. Protective Turtle Ecology Center for Training, 

Outreach, and Research, Inc. (ProTECTOR), Loma Linda, CA. 

Duran, N., S.G. Dunbar (In prep) Comparison of semi-natural with hatchery nests at 

Punta Ratón, Honduras. Belskis, L., Frey, A., Jensen, M., LeRoux, R., Stewart, K. 

(compilers).Proceedings of the 34th Annual Symposium on Sea Turtle Biology 

and Conservation, New Orleans, Louisiana, U.S.A., 10-17 April 2014. NOAA 

Technical Memorandum. 

Duran, N., S.G. Dunbar, R.A. Escobar III, T.G. Standish (2015) High frequency of 

multiple paternity in a solitary population of olive ridley sea turtles in Honduras. 

Journal of Experimental Marine Biology and Ecology, 463(0), 63-71. 

Eckert, K.L., S.A. Eckert (1990) Embryo mortality and hatch success in In situ and 

translocated leatherback sea turtle Dermochelys coriacea eggs. Biological 

Conservation, 53(1), 37-46. 

Eckrich, C.E., D.W. Owens (1995) Solitary versus arribada nesting in the olive ridley sea 

turtles (Lepidochelys olivacea): A test of the predator-satiation hypothesis. 

Herpetologica, 349-354. 

Eguchi, T., T. Gerrodette, R.L. Pitman, J.A. Seminoff, P.H. Dutton (2007) At-sea density 

and abundance estimates of the olive ridley turtle Lepidochelys olivacea in the 

eastern tropical Pacific. Endangered Species Research, 3(2), 191-203. 

Ernst, C.H., J.E. Lovich, R.W. Barbour (1994). Turtles of the United States and Canada. 

Smithsonian Institution Press, Washington D.C. 

Escobar, R.A., III, E. Besier, W.K. Hayes (2010) Evaluating headstarting as a 

management tool: post-release success of Green Iguanas (Iguana iguana) in Costa 

Rica. International Journal of Biodiversity and Conservation, 2, 204-214. 

Evans, K.E., A.R. Vargas (1998) Sea turtle egg commercialization in Isla de Cañas, 

Panama, Byles, R. and Fernandez, Y.(compilers). Proceedings of the Sixteenth 

Annual Symposium on Sea Turtle Biology and Conservation. NOAA Technical 

Memorandum, NMFS-SEFSC-412: 45. 

Fonseca, L.G., G.A. Murillo, L. Guadamúz, R.M. Spínola, R.A. Valverde (2009) 

Downward but stable trend in the abundance of arribada olive ridley sea turtles 

(Lepidochelys olivacea) at Nancite beach, Costa Rica (1971ï2007). Chelonian 

Conservation and Biology, 8(1), 19-27. 



 

65 

Frazier, J. (2003) Prehistoric and ancient historic interactions between humans and 

marine turtles. In: P. Lutz, J. Musick & J. Wyneken (Eds). The biology of sea 

turtles. CRC Press, Boca Raton, FL: 1-38. 

Frazier, J. (2005) Marine turtles as flagships. MAST/Maritime Studies (Special Issue), 

3/4, 273-303. 

Fretey, J. (1999) Répartition des tortues du genre Lepidochelys Fitzinger, 1843. I. 

L'Atlantique ouest. Biogeographica, 75(3), 97-117. 

Garcēa, A., G. Ceballos, R. Adaya (2003) Intensive beach management as an improved 

sea turtle conservation strategy in Mexico. Biological Conservation, 111(2), 253-

261. 

Godfrey, M.H., J. Chevalier (2004) The status of olive ridley sea turtles in the West 

Atlantic. Unpublished report to the Marine Turtle Specialist Group of the 

SSC/IUCN. 

Godfrey, M.H., J. Chevalier (2004) The status of olive ridley sea turtles in the West 

Atlantic. Unpublished report to the Marine Turtle Specialist Group of the 

SSC/IUCN. 

Godfrey, M.H., G.J. Webb, S.C. Manolis, N. Mrosovsky (2007) Hawksbill sea turtles: 

can phylogenetics inform harvesting? Molecular Ecology, 16(17), 3511-3513. 

Hamann, M., C.J. Limpus, D.W. Owens (2002) Reproductive Cycles of Males and 

Females. In: P. Lutz, J. Musick  & J. Wyneken (Eds). The biology of sea turtles. 

CRC Press, Boca Raton, FL. 

Hamel, M., C.R. McMahon, C. Bradshaw (2008) Flexible inter-nesting behaviour of 

generalist olive ridley turtles in Australia. Journal of Experimental Marine 

Biology and Ecology, 359(1), 47-54. 

Heppell, S.S. (1998) Application of life-history theory and population model analysis to 

turtle conservation. Copeia, 367-375. 

Hoeckert, W., A. Schouten, L. Van Tienen, M. Weijerman (1996) Is the Surinam olive 

ridley on the eve of extinction? First census data for olive ridleys, green turtles 

and leatherbacks since 1989. Marine Turtle Newsletter, 75, 1-4. 

Honarvar, S. (2007) Nesting ecology of olive ridley (Lepidochelys olivacea) turtles on 

arribada nesting beaches. Drexel University. 

Honarvar, S., M.P. OôConnor, J.R. Spotila (2008) Density-dependent effects on hatching 

success of the olive ridley turtle, Lepidochelys olivacea. Oecologia, 157(2), 221-

230. 



 

66 

Honarvar, S., J.R. Spotila, M.P. O'Connor (2011) Microbial community structure in sand 

on two olive ridley arribada nesting beaches, Playa La Flor, Nicaragua and Playa 

Nancite, Costa Rica. Journal of Experimental Marine Biology and Ecology, 

409(1), 339-344. 

Hope, R.A. (2002) Wildlife harvesting, conservation and poverty: the economics of olive 

ridley egg exploitation. Environmental Conservation, 29(3), 375-384. 

Hughes, D., J. Richard (1974) The nesting of the Pacific ridley turtle Lepidochelys 

olivacea on Playa Nancite, Costa Rica. Marine Biology, 24(2), 97-107. 

Humber, F., B.J. Godley, A.C. Broderick (2014) So excellent a fishe: a global overview 

of legal marine turtle fisheries. Diversity and Distributions, 20(5), 579-590. 

Hykle, D. (1999) International Conservation Treaties. In: K.L. Eckert, K.A. Bjorndal, 

F.A. Abreu Grobois & M. Donnelly (Eds). Research and Management 

Techniques for the Conservation of Sea Turtles. IUCN/SSC Marine Turtle 

Specialist Group Publication. 

Jensen, M., F. Abreu-Grobois, J. Frydenberg, V. Loeschcke (2006) Microsatellites 

provide insight into contrasting mating patterns in arribada vs. nonπarribada olive 

ridley sea turtle rookeries. Molecular Ecology, 15(9), 2567-2575. 

Joseph, J., P. Shaw (2011) Multiple paternity in egg clutches of hawksbill turtles 

(Eretmochelys imbricata). Conservation Genetics, 12(2), 601-605. 

Kalb, H.J. (1999) Behavior and physiology of solitary and arribada nesting Olive Ridley 

sea turtles (Lepidochelys olivacea) during the internesting period. Texas A & M 

University. 

Kelez, S., X. Velez-Zuazo, F. Angulo, C. Manrique (2009) Olive ridley (Lepidochelys 

olivacea) nesting in Peru: The southernmost records in the Eastern Pacific. 

Marine Turtle Newsletter, 126, 5-9. 

Kelle, L., N. Gratiot, B. De Thoisy (2009) Olive ridley turtle Lepidochelys olivacea in 

French Guiana: back from the brink of regional extirpation? Oryx, 43(02), 243-

246. 

Kellert, S.R., J.N. Mehta, S.A. Ebbin, L.L. Lichtenfeld (2000) Community Natural 

Resource Management: Promise, Rhetoric, and Reality. Society & Natural 

Resources, 13(8), 705-715. 

Kichler, K., M. Holder, S. Davis, R. Marquez-M, D. Owens (1999) Detection of multiple 

paternity in the Kemp's ridley sea turtle with limited sampling. Molecular 

Ecology, 8(5), 819-830. 



 

67 

Koch, V., W.J. Nichols, H. Peckham, V. de la Toba (2006) Estimates of sea turtle 

mortality from poaching and bycatch in Bahia Magdalena, Baja California Sur, 

Mexico. Biological Conservation, 128(3), 327-334. 

Kopitsky, K., R. Pitman, P. Dutton (2004) Aspects of olive ridley feeding ecology in the 

eastern tropical Pacific, Coyne, MS and Clark, RD (compilers). Proceedings of 

the Twenty-First Annual Symposium on Sea Turtle Biology and Conservation. 

NOAA Technical Memorandum, NMFS-SEFSC-528: 217. 

Kumar, R.S., S. John, K. Sivakumar, B.C. Choudhury (2013) Egg laying duration in the 

olive ridley turtle Lepidochelys olivacea and its relevance for the estimation of 

mass nesting population size. The Herpetological Journal, 23(1), 23-28. 

Lee, P.L.M., G.C. Hays (2004) Polyandry in a marine turtle: Females make the best of a 

bad job. Proceedings of the National Academy of Sciences of the United States of 

America, 101(17), 6530-6535. 

Limpus, C.J. (1995) Global overview of the status of marine turtles: a 1995 viewpoint. In: 

K.A. Bjorndal (Ed). Biology and Conservation of Sea Turtles: Revised Edition. 

Smithsonian Institution Press, Washington DC: 605-609. 

Mace, G.M., J.D. Reynolds (2001) Exploitation as a conservation issue In: J.D. Reynolds, 

G.M. Mace, K. Redford & J. Redford (Eds). Conservation of Exploited Species. 

Cambridge University Press, Cambridge, UK: 3-15. 

Macrae, I., S. Whiting (2014) Positive conservation outcome from religious teachings: 

changes to subsistence turtle harvest practices at Cocos (Keeling) Islands, Indian 

Ocean. 

Mancini, A., V. Koch (2009) Sea turtle consumption and black market trade in Baja 

California Sur, Mexico. Endangered Species Research, 7(1), 1-10. 

Mancini, A., J. Senko, R. Borquez-Reyes, J.G. Póo, J.A. Seminoff, V. Koch (2011) To 

poach or not to poach an endangered species: Elucidating the economic and social 

drivers behind illegal sea turtle hunting in Baja California Sur, Mexico. Human 

Ecology, 39(6), 743-756. 

Marcovaldi, M. (1999) Status and distribution of the olive ridley turtle, Lepidochelys 

olivacea, in the Western Atlantic Ocean, Proceedings of the Regional Meeting, 

Marine Turtle Conservation in the Wider Caribbean Region: A Dialogue for 

Effective Regional Management, Santo Domingo: 16-18. 

Márquez, M. (1990). FAO Species Catalogue: Sea Turtles of the World: An Annotated 

and Illustrated Catalogue of Sea Turtle Species Known to Date. Rome: Food and 

Agriculture Organization of the United Nations. 



 

68 

Márquez, R., M. Jiménez, M. Carrasco, N. Villanueva (1998) Comentarios acerca de las 

tendencias poblacionales de las tortugas marinas del género Lepidochelys después 

de la veda total de 1990. Oceánides, 13(1), 41-62. 

Márquez, R., A. Villanueva, S. Cuauhtémoc Peñaflores (1976). Sinopsis de datos 

biológicos sobre la tortuga golfina, Lepidochelys olivacea (Eschscholtz, 1829). 

Instituto Nacional de Pesca, Subscretaría de Pesca, Secretaría de Industria y 

Comercio. 

Mast, R.B., J.L. Carr (1989) Carapacial scute variation in Kempôs ridley sea turtle 

(Lepidochelys kempi) hatchlings and juveniles, Proceedings of the First 

International Symposium on Kempôs Ridley Sea Turtle Biology, Conservation 

and Management, TAMU-SG-89ï105: 202-219. 

Matos, L., A.C. Silva, J.C. Castilhos, M.I. Weber, L.S. Soares, L. Vicente (2012) Strong 

site fidelity and longer internesting interval for solitary nesting olive ridley sea 

turtles in Brazil. Marine Biology, 159(5), 1011-1019. 

Maulany, R., D. Booth, G. Baxter (2012) The effect of incubation temperature on 

hatchling quality in the olive ridley turtle, Lepidochelys olivacea, from Alas 

Purwo National Park, East Java, Indonesia: implications for hatchery 

management. Marine Biology, 159(12), 2651-2661. 

McMahon, C.R., C.J. Bradshaw, G.C. Hays (2007) Satellite tracking reveals unusual 

diving characteristics for a marine reptile, the olive ridley turtle Lepidochelys 

olivacea. Marine Ecology Progress Series, 329, 239-252. 

Mehta, S., A. Russell, R. Arauz-Vargas (2000) Solitary nesting activity in the Ostional 

Wildlife Refuge, Costa Rica and the impact of poaching (during solitary nesting) 

and harvesting (during Arribadas) on olive ridley sea turtle nests (Lepidochelys 

olivacea). In: H.J. Kalb & T. Wibbels (Eds.), Nineteenth Annual Symposium on 

Sea Turtle Biology and Conservation. NOAA Technical Memorandum NMFS 

SEFSC, no. 443: 69-71. 

Meletis, Z.A., L.M. Campbell (2007) Call It Consumption! ReπConceptualizing 

Ecotourism as Consumption and Consumptive. Geography Compass, 1(4), 850-

870. 

Miller, J.D. (1997) Reproduction in sea turtles. In: P.L. Lutz & J.A. Musick (Eds). The 

Biology of Sea Turtles. CRC Press, Boca Raton, FL.: 51-81. 

Minarik, C. (1985) Olive Ridleys of Honduras. Marine Turtle Newsletter, 33(3-4). 

Mohanraj, T. (2011) Observations on the exploitation of sea turtles along the Tuticorin 

coast, Tamil Nadu, India. Indian Ocean Turtle Newsletter, 14, 9-11. 



 

69 

Moore, M., R. Ball (2002) Multiple paternity in loggerhead turtle (Caretta caretta) nests 

on Melbourne Beach, Florida: a microsatellite analysis. Molecular Ecology, 

11(2), 281-288. 

Mortimer, J. (1999) Reducing threats to eggs and hatchlings: hatcheries. In: K.L. Eckert, 

K.A. Bjorndal, F.A. Abreu-Grobois & M. Donnelly (Eds). Research and 

Management Techniques for the Conservation of Sea Turtles IUCN/SSC Marine 

Turtle Specialist Group Publication. 

Mrosovsky, N. (2010) The future of Ridley arribadas in Orissa: From triple waste to 

triple win. Departament of Zoology, University of Toronto, Toronto, Ontario, 

Canadá. 

Nichols, W.J., J.L. Palmer (2006) The Turtle Thief, the Fishermen and the Saint, a report 

on the consumption of sea turtles during lent. 

Nietschmann, B. (1975) Of turtles, arribadas, and people. Chelonia, 2, 6-9. 

Ocana, M., M. Harfush-Melendez, S. Heppell (2012) Mass nesting of olive ridley sea 

turtles Lepidochelys olivacea at La Escobilla, Mexico: linking nest density and 

rates of destruction. Endangered Species Research, 16(1), 45-54. 

Okuyama, J., H. Nishizawa, A. Abe, M. Kobayashi, K. Yoseda, N. Arai (2006) Dispersal 

movements of green turtle (Chelonia mydas) reared for one month after 

emergence. Proc. 3rd Int. Symp. SEASTAR and Asian Bio-logging Science  

Okuyama, J., T. Shimizu, O. Abe, K. Yoseda, N. Arai (2010) Wild versus head-started 

hawksbill turtles Eretmochelys imbricata: post-release behavior and feeding 

adaptions. Endangered Species Research, 10, 181-190. 

Owens, D.W., M.A. Grassman, J.R. Hendrickson (1982) The imprinting hypothesis and 

sea turtle reproduction. Herpetologica, 124-135. 

Padmavathy, A., M. Anbarashan (2011) Unexposed sea turtle breeding sites need 

protection and conservation. Current Science, 100(5), 602. 

Pandav, B. (2000) Conservation and management of olive ridley sea turtles on the Orissa 

coast. PhD Thesis, Utkal University, Bhubaneshwar, India. 

Pandav, B., K. Bunugopan, D. Sutari, B. Choudhury (2000) Fidelity of male olive ridley 

sea turtles to a breeding ground. Marine Turtle Newsletter, 87, 9-10. 

Pandav, B., B. Choudhury, K. Shanker (1998) The Olive Ridley sea turtle (Lepidochelys 

olivacea) in Orissa: an urgent call for an intensive and integrated conservation 

programme. Current Science, 75(12), 1323-1328. 

Pandav, B., C. Kar (2000) Reproductive span of olive ridley turtles at Gahirmatha 

rookery, Orissa, India. Marine Turtle Newsletter, 87, 8-9. 



 

70 

Patnaik, S., C. Kar (2000) Status and conservation of sea turtles in Orissa, India, Sea 

Turtles of the Indo-Pacific: Research, Management and Conservation. 

Proceedings of the 2nd ASEAN Symposium and Workshop on Sea Turtle 

Biology and Conservation. ASEAN Academic Press, London, UK: 13-24. 

Peñaflores, C., J. Vasconcelos, E. Albavera, R. Marquez (2000) Twenty five years 

nesting of olive ridley sea turtle Lepidochelys olivacea in Escobilla beach, 

Oaxaca, Mexico, Proceedings of the 18th International Sea Turtle Symposium. 

Compiled by FA Abreu-Grobois, R. Briseño-Dueñas, R. Márquez, and L. Sarti. 

US Dept. Commerce NOAA Tech. Memo. NMFSSEFSC-436: 27-29. 

Perran Ross, J. (1999) Ranching and Captive Breeding Sea Turtles: Evaluation as a 

Conservation Strategy. In: K.L. Eckert, K.A. Bjorndal, F.A. Abreu Grobois & M. 

Donnelly (Eds). Research and Management Techniques for the Conservation of 

Sea Turtles. IUCN/SSC Marine Turtle Specialist Group Publication. 

Pintus, K.J., B.J. Godley, A. McGowan, A.C. Broderick (2009) Impact of clutch 

relocation on green turtle offspring. The Journal of Wildlife Management, 73(7), 

1151-1157. 

Plot, V., B. De Thoisy, S. Blanc, L. Kelle, A. Lavergne, H. RogerπBérubet, Y. Tremblay, 

S. Fossette, J.Y. Georges (2012) Reproductive synchrony in a recovering 

bottlenecked sea turtle population. Journal of Animal Ecology, 81(2), 341-351. 

Plotkin, P., R. Byles, D. Rostal, D.W. Owens (1995) Independent versus socially 

facilitated oceanic migrations of the olive ridley, Lepidochelys olivacea. Marine 

Biology, 122(1), 137-143. 

Plotkin, P., M. Polak, D. Owens (1991) Observations on olive ridley sea turtle behavior 

prior to an arribada at Playa Nancite, Costa Rica. Marine Turtle Newsletter., 

53(1). 

Plotkin, P.T. (1994) Migratory and reproductive behavior of the olive ridley turtle, 

Lepidochelys olivacea (Eschscholtz, 1829), in the eastern Pacific Ocean. Texas A 

& M University, College Station, Texas. 

Plotkin, P.T. (2007) Introduction In: P.T. Plotkin (Ed). Biology and Conservation of 

Ridley Sea Turtles. The Johns Hopkins University Press, Baltimore, MD: 3-5. 

Plotkin, P.T. (2007) Near Extinction and Recovery. In: P.T. Plotkin (Ed). Biology and 

Conservation of Ridley Sea Turtles. The John Hopkins University Press, 

Baltimore: 337-339. 

Plotkin, P.T. (2010) Nomadic behaviour of the highly migratory olive ridley sea turtle 

Lepidochelys olivacea in the eastern tropical Pacific Ocean. Endangered Species 

Research, 13(1), 33-40. 



 

71 

Plotkin, P.T., J. Bernardo (2003) Investigations into de the basis of the reproductive 

behavioral polymorphism in olive ridley sea turtles. In: J.A. Seminoff (Ed.), 

Twenty-Second Annual Symposium on Sea Turtle Biology and Conservation. 

NOAA Technical Memorandum NMFS-SEFSC-503: 29. 

Plotkin, P.T., R. Briseño-Dueñas, F.A. Abreu Grobois (2012) Interpreting Signs of Olive 

Ridley Recovery in the Eastern Pacific. In: J.A. Seminoff & B.P. Wallace (Eds). 

Sea turtles of the eastern Pacific: Advances in research and conservation. The 

University of Arizona Press, Tucson: 302-335. 

Plotkin, P.T., D.C. Rostal, R.A. Byles, D.W. Owens (1997) Reproductive and 

developmental synchrony in female Lepidochelys olivacea. Journal of 

Herpetology, 17-22. 

Polovina, J.J., G.H. Balazs, E.A. Howell, D.M. Parker, M.P. Seki, P.H. Dutton (2004) 

Forage and migration habitat of loggerhead (Caretta caretta) and olive ridley 

(Lepidochelys olivacea) sea turtles in the central North Pacific Ocean. Fisheries 

Oceanography, 13(1), 36-51. 

Pritchard, P., P. Bacon, F. Berry, J. Fletemeyer, A. Carr, R. Gallagher, R. Lankford, R. 

Marquez, L. Ogren, W. Pringle Jr (1983). Sea turtle manual of research and 

conservation techniques. Center for Environmental Education, Washington, DC. 

Pritchard, P.C. (1979). Encyclopedia of turtles. Neptune, NJ: TFH Publications. 

Pritchard, P.C. (1997) Evolution, phylogeny, and current status. In: P.L. Lutz & J.A. 

Musick (Eds). The biology of sea turtles. CRC Press, Boca Raton, Florida: 1-28. 

Pritchard, P.C. (2007) Arribadas I have known. In: P.T. Plotkin (Ed). Biology and 

conservation of ridley sea turtles The Johns Hopkins University Press, Baltimore 

(MD): 7-21. 

Pritchard, P.C. (2007) Evolutionary relationships, osteology, morphology, and 

zoogeography of ridley sea turtles. In: P.T. Plotkin (Ed). Biology and 

conservation of ridley sea turtles. The Johns Hopkins University Press, Baltimore 

(MD): 45-57. 

Pritchard, P.C., P. Trebbau (1984). The turtles of Venezuela. Oxford, Ohio: Soc. for the 

Study of Amphibians and Reptiles. 

Pritchard, P.C.H. (1969) Studies of the systematics and reproductive cycles of the genus 

Lepidochelys. University of Florida. 

Pritchard, P.C.H., J.A. Mortimer (1999) Taxonomy, external morphology, and species 

identification. In: K. Eckert, K. Bjorndal, F. Abreu-Grobois & M. Donnelly (Eds). 

Research and Management Techniques for the Conservation of Sea Turtles. 

IUCN/SSC Marine Turtle Specialist Group Publ. No. 4. , Washington, D.C.: 21-

38. 



 

72 

Reis, E.C., J.F.d. Moura, L.M. Lima, B. Rennó, S. Siciliano (2010) Evidence of 

migratory movements of olive ridley turtles (Lepidochelys olivacea) along the 

Brazilian coast. Brazilian Journal of Oceanography, 58(3), 255-259. 

Richardson, P., A. Broderick, L. Campbell, B. Godley, S. Ranger (2006) Marine turtle 

fisheries in the UK Overseas Territories of the Caribbean: domestic legislation 

and the requirements of multilateral agreements. Journal of International Wildlife 

Law and Policy, 9(3), 223-246. 

Rodríguez-Zárate, C.J., A. Rocha-Olivares, L.B. Beheregaray (2013) Genetic signature of 

a recent metapopulation bottleneck in the olive ridley turtle (Lepidochelys 

olivacea) after intensive commercial exploitation in Mexico. Biological 

Conservation, 168(0), 10-18. 

Schulz, J. (1971) Nesting beaches of sea turtles in west French Guiana. Koninkl. Nederl. 

Akademie van WetenschappenðAmsterdam, 74(4), 396-404. 

Seminoff, J.A., J. Alfaro-Shigueto, D. Amorocho, R. Arauz, A. Baquero Gallegos, D. 

Chacon Chaverri, A.R. Gaos, S. Kelez, J.C. Mangel, J. Urteaga, B.P. Wallace 

(2012) Biology and Conservation of Sea Turtles in the Eastern Pacific Ocean. In: 

J.A. Seminoff & B.P. Wallace (Eds). Sea Turtles of the Eastern Pacific. Advances 

in Research and Conservation. The University of Arizona Press: 11-38. 

Senko, J., W.J. Nichols, J.P. Ross, A.S. Willcox (2009) To eat or not to eat an 

endangered species: views of local residents and physicians on the safety of sea 

turtle consumption in northwestern Mexico. EcoHealth, 6(4), 584-595. 

Senko, J., A.J. Schneller, J. Solis, F. Ollervides, W.J. Nichols (2011) People helping 

turtles, turtles helping people: Understanding resident attitudes towards sea turtle 

conservation and opportunities for enhanced community participation in Bahia 

Magdalena, Mexico. Ocean & Coastal Management, 54(2), 148-157. 

Shanker, K., A. Hiremath, K. Bawa (2005) Linking biodiversity conservation and 

livelihoods in India. PLoS biology, 3(11), e394. 

Shanker, K., B. Pandav, B. Choudhury (2003) An assessment of the olive ridley turtle 

(Lepidochelys olivacea) nesting population in Orissa, India. Biological 

Conservation, 115(1), 149-160. 

Shanker, K., N.J. Pilcher (2003) Marine turtle conservation in South and Southeast Asia: 

hopeless cause or cause for hope. Marine Turtle Newsletter, 100, 43-51. 

Shaver, D.J. (1996) Head-started Kemp's ridley turtles nest in Texas. Marine Turtle 

Newsletter, 74, 5-7. 

Shaver, D.J., C. Rubio (2008). Post-nesting movement of wild and head-started Kemp's 

ridley sea turtles Lepidochelys kempii in the Gulf of Mexico. Inter-Research. 



 

73 

Shaver, D.J., T. Wibbels (2007) Head-starting the Kemp's ridley sea turtle. In: P.T. 

Plotkin (Ed). Biology and conservation of ridley sea turtles. Plotkin, PT (ed). The 

Johns Hopkins University Press, Baltimore. The John Hopkins University Press, 

Baltimore: 297-323. 

Sieg, A.E., C.A. Binckley, B.P. Wallace, P. Santidrián Tomillo, R.D. Reina, F.V. 

Paladino, J.R. Spotila (2011) Sex ratios of leatherback turtles: hatchery 

translocation decreases metabolic heating and female bias. Endangered Species 

Research, 15, 195-204. 

Silas, E., M. Rajagopalan (1984) Recovery programme for olive ridley Lepidochelys 

olivacea (Eschscholtz, 1829) along Madras Coast. CMFRI Bulletin, 35, 9-21. 

Spotila, J.R. (2004). Sea turtles: A complete guide to their biology, behavior, and 

conservation. Johns Hopkins University Press. 

Stewart, A.Y. (2001) Poached Modernity: Parks, People and Politics in Nicaragua, 1975-

2000. Rutgers University. 

Stewart, K.R., P.H. Dutton (2011) Paternal genotype reconstruction reveals multiple 

paternity and sex ratios in a breeding population of leatherback turtles 

(Dermochelys coriacea). Conservation Genetics, 12(4), 1101-1113. 

Tanner, C. (2013) Sea Turtle Conservation in Ghanaôs Western Region: The Bigger 

Picture. Marine Turtle Newsletter, 136, 9-12. 

Theissinger, K., N. FitzSimmons, C. Limpus, C. Parmenter, A. Phillott (2009) Mating 

system, multiple paternity and effective population size in the endemic flatback 

turtle (Natator depressus) in Australia. Conservation Genetics, 10(2), 329-346. 

Tisdell, C., C. Wilson (2005) Do Open-Cycle Hatcheries Relying on Tourism Conserve 

Sea Turtles? Sri Lankan Developments and EconomicïEcological Considerations. 

Environmental Management, 35(4), 441-452. 

Tripathy, B. (2002) Is Gahirmatha the world's largest sea turtle rookery? Current Science 

Bangalore, 83(11), 1299-1299. 

Tripathy, B., B. Choudbury (2007) A review of sea turtle exploitation with special 

reference to Orissa, Andhra Pradesh and Lakshadweep Islands, India. Indian J. 

Tradit. Knowl, 6, 285-291. 

Tripathy, B., B. Pandav (2008) Beach fidelity and internesting movements of olive ridley 

turtles (Lepidochelys olivacea) at Rushikulya, India. Herpetological Conservation 

and Biology, 3(1), 40-45. 

Valverde, R.A. (1999) Letter to the editors: on the Ostional affair. Marine Turtle 

Newsletter, 86, 6-8. 



 

74 

Valverde, R.A., S. Cornelius, C.L. Mo (1998) Decline of the olive ridley sea turtle 

(Lepidochelys olivacea) nesting assemblage at Nancite beach, Santa Rosa 

National Park, Costa Rica. Chelonian Conservation and Biology, 3, 58-63. 

Valverde, R.A., C.M. Orrego, M.T. Tordoir, F.M. Gómez, D.S. Solís, R.A. Hernández, 

G.B. Gómez, L.S. Brenes, J.P. Baltodano, L.G. Fonseca (2012) Olive Ridley 

Mass Nesting Ecology and Egg Harvest at Ostional Beach, Costa Rica. Chelonian 

Conservation and Biology, 11(1), 1-11. 

Van Buskirk, J., L.B. Crowder (1994) Life-history variation in marine turtles. Copeia, 

66-81. 

Vannini, F., A.R. Sánchez, G.E. Martínez, C.S. López, E. Cruz, P. Franco, H.P. García 

(2011) Sea turtle protection by communities in the Coast of Oaxaca, Mexico. 

Research Journal of the Costa Rican Distance Education University, 3(2). 

Vega, A.J., Y. Robles (2005) Descripción del proceso de anidación y biometría de 

hembras, huevos y nidos en tortuga golfina Lepidochelys olivacea (Eschscholtz, 

1829) en Isla de Cañas, Pacífico panameño. Tecnociencia, 7, 43-55. 

Wallace, B.P., A.D. DiMatteo, B.J. Hurley, E.M. Finkbeiner, A.B. Bolten, M.Y. 

Chaloupka, B.J. Hutchinson, F.A. Abreu-Grobois, D. Amorocho, K.A. Bjorndal 

(2010) Regional management units for marine turtles: a novel framework for 

prioritizing conservation and research across multiple scales. PLoS ONE, 5(12), 

e15465. 

Whiting, S., J. Long, M. Coyne (2007) Migration routes and foraging behaviour of olive 

ridley turtles Lepidochelys olivacea in northern Australia. Endangered Species 

Research, 3(1), 1-9. 

Wibbels, T. (2007) Sex determination and sex ratios in ridley turtles. In: P.T. Plotkin 

(Ed). Biology and Conservation of Ridley Sea Turtles. Johns Hopkins University 

Press, Baltimore, MD. The Johns Hopkins University Press, Baltimore, MD: 167-

189. 

Woody, J.B. (1990) Guest editorial: Is headstarting a reasonable conservation 

measure?óon the surface, yes; in reality, no. Marine Turtle Newsletter, 55, 7-8. 

Woody, J.B. (1991) Guest Editorial: It's time to stop head-starting Kemp's ridley. Marine 

Turtle Newsletter, 55, 7-8. 

Wyneken, J., D. Witherington (2001). The anatomy of sea turtles. Southeast Fisheries 

Science Center, National Marine Fisheries Service, National Oceanic and 

Atmospheric Administration, US Department of Commerce. 

Yasui, Y. (1998) The 'genetic benefits' of female multiple mating reconsidered. Trends in 

Ecology & Evolution, 13(6), 246-250. 



 

75 

Zeh, J.A., D.W. Zeh (2001) Reproductive mode and the genetic benefits of polyandry. 

Animal Behaviour, 61(6), 1051-1063. 

Zug, G.R., M. Chaloupka, G.H. Balazs (2006) Age and growth in olive ridley seaturtles 

(Lepidochelys olivacea) from the Northπcentral Pacific: a skeletochronological 

analysis. Marine ecology, 27(3), 263-270. 

  



 

76 

CHAPTER THREE  

HIGH FREQUENCY OF MU LTIPLE PATERNITY IN A SOLITARY 

POPULATION OF OLIVE RIDLEY SEA TURTLES I N HONDURAS  

 

 

Duran, N.1,2, Dunbar, S.G.1,2,3, Escobar III, R.A.1, Standish, T.G.1 

 

 

1Department of Earth and Biological Sciences, Loma Linda University, 

 Loma Linda, CA 92350 

2Protective Turtle Ecology Center for Training, Outreach, and Research, Inc. 

(ProTECTOR), Colton, CA 92324 

3Protective Turtle Ecology Center for Training, Outreach, and Research (ProTECTOR) 

Honduras, Tegucigalpa, Honduras 

 

 

 

 

 

This chapter has been published as: Duran, N., S.G. Dunbar, R.A. Escobar III, T.G. 

Standish (2015) High frequency of multiple paternity in a solitary population of olive 

ridley sea turtles in Honduras. Journal of Experimental Marine Biology and Ecology, 

463(0), 63-71. 



 

77 

Abstract 

Females of all seven 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 turtle (Lepidochelys 

olivacea), multiple paternity levels correlate with the abundance of individuals in the 

mating system, being much higher in arribada (mass nesting) rookeries than in solitary 

nesting sites. We used two highly polymorphic microsatellite markers (Cm84 and Or1) 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 minimum 

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 Nicaraguan arribada nesting beaches. Historical evidences and recent 

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 individual hatchling 

sampling in multiple paternity analyses. 

  

Keywords: microsatellites; Lepidochelys olivacea; maternal samples; pooled 

samples; nest-site fidelity; inter-beach movement 
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Introduction  

To make effective management decisions and improve current conservation 

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 size (Sugg and Chesser 1994) and 

the genetic variability within a population (Baer and Schmid-Hempel 1999).  Multiple 

paternity studies yield valuable information regarding mating patterns, and help in 

understanding population structure (Jensen et al. 2006). Recent studies have shown 

evidence of multiple paternity in all sea turtle species: green (Chelonia midas) 

(FitzSimmons 1998; Lee and Hays 2004) , loggerhead (Caretta caretta) (Moore and Ball 

2002; Zbinden et al. 2007), leatherback (Dermochelys coriacea) (Crim et al. 2002; 

Stewart and Dutton 2011), hawksbill (Eretmochelys imbricata) (Joseph and Shaw 2011), 

flatback (Natator depressus) (Theissinger et al. 2009), olive ridley (Lepidochelys 

olivacea) (Hoeckert et al. 1996; Jensen et al. 2006) and Kempôs ridley (Lepidochelys 

kempi) (Kichler et al. 1999), with high inter- and intraspecific variability (Uller and 

Olsson 2008). In the case of olive ridleys, Jensen et al. (2006) showed that multiple 

paternity strongly depends on reproductive patterns, with arribada nesters showing much 

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 levels for the genus 

Lepidochelys. 

Because of their abundance, high polymorphism content, codominance, easy 

detection, and transferability among studies, microsatellites are ideal molecular markers 

for paternity studies (Aggarwal et al. 2004). For assessing multiple paternity 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 contribution. Multiple 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 individual offspring 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 father (Jensen 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 patrols (Zbinden et al. 2007; de Santos Loureiro 2008; Godgenger et al. 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 number of different 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 five or more alleles in a single nest 

evidences at least two contributing males, and thus, multiple paternity.  Pearse et al. 

(2002), Theissinger et al. (2009), and Valenzuela (2000) have previously applied this 
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criterion in turtle multiple paternity studies that lacked 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 advantageous 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 human forensic and epidemiological studies with high numbers of 

individuals (Pacek et al. 1993; Sham et al. 2002). However, 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. 2004). Preliminary DNA pooling is recommended for 

paternity studies, to reduce the number of tests required to identify potential parents for 

an individual progeny (Curnow and Morris 1998), but is rarely used in multiple paternity 

studies.  Gosselin et al. (2005) pooled eggs from individual pleopods in a multiple 

paternity study on the American lobster, Homarus americanus, following Urbani et al. 

(1998), who previously used this method with the snow crab, Chionocetes opilio. To our 

knowledge, the use of pooled DNA samples has not been reported to date in multiple 

paternity studies on sea turtles or any other vertebrates.  

Olive ridley sea turtle eggs have been economically exploited in the South coast 

of Honduras since the 1940s (Campbell 2007). Significant population declines led to the 

implementation of conservation measures by the Honduran government in 1975, which 

established an ongoing yearly protected period when the collection of eggs is forbidden 

and the eggs are relocated to hatcheries (Minarik 1985). However, studies on the olive 

ridley population nesting in Honduras are scarce. The environmental NGO Protective 
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Turtle Ecology Center for Training, Outreach, and Research, Inc. (ProTECTOR) has 

been monitoring the nesting beaches since 2007 (Dunbar 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 shallow-water inlet of the Pacific Ocean, 80 km long and 50 km wide, sheltered by 

islands at its entrance (Lemay et al. 2007) (Fig. 4). Punta Ratón (13.26570N, 87.51228W) 

is the main nesting beach in the country, with an estimated number of 400 ï 500 nests 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 

approximately 200 ï 250 nests per season; along with smaller sites at Boca del Río Viejo 

and Cedeño, with approximately 80 ï 140 nests each per season (Dunbar, personal 

communication). According to historical reports, 100 % of eggs from Punta Ratón were 

consumed for more than three decades (1940s-1970s) (Campbell 2007) before the 

establishment of protection measures. The fact that the turtle population nevertheless 

persisted caused Pritchard (2007) to speculate that females nesting at Punta Ratón  may, 

in reality, come from arribada 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, and 2) to use 

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 methods to determine 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 beaches for L. 

olivacea on the South coast of Honduras. Large circles indicate the two main L. olivacea 

nesting beaches at Punta Ratón 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 

one-per-clutch pooled samples to detect multiple paternity, rather than individually 

analyzing multiple hatchling samples. 

 

Methods 

Field Sampling 

During the 2011 ï 2013 nesting seasons (August to November), we collected 

blood and tissue samples from 26 nesting females at Punta Raton and El Venado (Fig. 4). 

Blood samples (1 ï 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 Punta Ratón by cutting a small piece of skin (<25 mm2) from 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 of the 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 normal 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 Tris-base - 8.0pH]. Samples from 2011 and 2012 were kept at room temperature 

until June of 2013, when they were imported to the US and stored at 4 oC in the 

laboratory. Samples from the 2013 season were imported to the US and stored at 4 oC in 
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the laboratory in November, 2013. All samples 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 used (Table 3). DNA concentration was checked with a NanoDrop 2000c 

UV-Vis Spectrophotometer (Thermo Scientific, MA) and adjusted to 50 - 100 ng/µl. 

Pooled samples for each nest were prepared by mixing 1 µl of each of the hatchling 

samples together and adjusting the final concentration to 50 ï 100 ng/µl. The 

microsatellite primers Cm84 and Or-1 (Table 4) were selected for the paternity analysis 

because they had shown high variability and effective amplification in previous studies 

with Eastern Pacific olive ridley populations (Jensen et al. 2006). Microsatellites were 

amplified with fluorescent-labeled primers in 50 µl PCR reactions containing 50 ï 100 ng 

of nuclear DNA, 10 pmol forward 6FAM 5-end labeled primer, 10 pmol reverse 

unlabelled primer (Integrated DNA Technologies, IA), and 25 µl 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 Or-1, followed by 35 cycles of 30 sec denaturation at 95 °C (Cm84 and Or-1), 

30 sec annealing at 56 °C for Cm84 (55 °C for Or-1), and a 30 sec (1 min for Or-1) 

extension at 72 °C for both Cm84 and Or-1, and a final extension of 5 and 10 min at 72 

°C for Cm84 and Or-1, respectively.  PCR products were run on a 5 % polyacrylamide 

gel (Bio Rad, CA) at 60 W for 2 h to confirm DNA presence.  

  

http://www.nanodrop.com/Productnd2000coverview.aspx
http://www.nanodrop.com/Productnd2000coverview.aspx
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Table 3. Extraction protocol for reptile blood (modified from Prager and Stoneking, 1999) 

 

 

1. Add 200 µl of cell lysis buffer [10 mM EDTA, 2% SDS, 10mM Tris-base - 

8.0pH] to 100 µl of blood sample (already diluted with cell lysis buffer), along 

with 9 µl of 20 mg/ml Proteinase K. Following thorough mixing, incubate the 

sample in a 55 oC water bath for 15-20 minutes. 

2. Following incubation, remove the sample from the water bath and cool to room 

temperature. Then add 4 µl of 10 mg/ml RNase A, mix, and place in a 37 oC 

water bath for 1 h. 

3. Cool the sample to room temperature and add 100 µl of 7.5 M ammonium 

acetate. Vortex mix the sample for 10 s and place on ice for 10-15 min. 

4. Remove the sample from the ice and centrifuge in a microcentrifuge at top 

speed (ca. 13-14k rpm) for 5 min. Draw off as much of the supernatant as 

possible and transfer to a new microcentrifuge tube. Centrifuge the supernatant 

again at top speed for 5 min. 

5. Transfer the supernatant from the second spin to a new 2 ml tube containing 

900 µl of isopropanol and invert gently about 20 times to mix and precipitate 

the DNA. Refrigerate at -20oC for 2 hours to overnight. 

6. Centrifuge the sample at top speed for 5 min. to precipitate the DNA into a 

pellet at the bottom of the tube. After centrifugation, pour off the isopropanol 

and wash the pellet with 500 µl of 70% ethanol. Centrifuge the sample again at 

top speed for 5 min. and air dry until all traces of ethanol have evaporated. 

7. Suspend the DNA pellet in 30 µl of ultrapurified water. 
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Table 4. Microsatellite markers. Primer sequence, annealing temperature, allele length, number of 

alleles (NA), number of individuals analyzed (n), overall expected (HE), and observed (HO) 

heterozygosity for the two markers used in the study. 

 

Locus Primer sequence (5ô-3ô) Annealing 

temperature 

(oC) 

Allele 

length 

(bp) 

NA 

(n) 

HE HO 

Cm84 TGTTTTGACATTAGTCCAGGATTG 

ATTGTTATAGCCTATTGTTCAGGA 

 

58 321-

348 

14 

(158) 

0.89 0.83 

Or-1 CCCCTTGTGTTCTGAAATCCTATGA 

CAGGCATAGGGAAAAATCAGAGGTA 

55 148-

191 

13 

(158) 

0.85 0.92 
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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 µl of each 

PCR product from the nest. In a second PCR reaction, the pooled DNA mentioned in the 

previous paragraph 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 17 - 20 hatchlings were analyzed 

from each of 9 nests 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, products from adult females were run along with the products from their offspring. 

In addition, 26 samples from non-related 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 Or1 in the population, yet only 27 genotypes were obtained, 

corresponding to 15 nesting females from Punta Raton, six nesting females from El 

Venado and six hatchlings randomly selected from nests with no maternal samples (one 

hatchling per nest).  We assumed that all the sampled animals were unrelated. Data were 

checked for departure from Hardy-Weinberg equilibrium, genotypic linkage 

disequilibrium, and the presence of null alleles using GENEPOP 4.2.2 (Rousset 2008). 
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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 

corresponding 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 2002) and GERUDsim 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 with GERUD 2.0 using COLONY 

(Wang 2004). Because we sought to assess the minimum number of sires required to 

explain offspring genotypes (MIN estimates), we used the MIN method from Sefc and 

Koblmüller (2009). COLONY calculations include the possibility of two error classes: 

null alleles (Class I), and typing errors and mutations (Class II). We used error rates of 

0.05 for both classes (Wang 2004). 

GERUD 2.0 and COLONY estimates for multiple paternity were obtained from 

the analysis of individual samples. Results from 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 levels of unresolved peaks, we used the program Poolfitter 

v1.1 (Schnack et al. 2004) to 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 the remaining peaks to be true alleles. 

 

Results 

Population Variability 

Both loci were highly polymorphic, with 16 and 13 alleles found at microsatellites 

Cm84 and Or1, respectively.  Although Cm84 is a dinucleotide repeat, several alleles for 

this locus differed by only 1 bp, a fact previously observed in other studies (Hoekert et al. 

2002). Expected heterozygosities were 0.89 for Cm84 and 0.85 for Or1. Observed 

heterozygosities were slightly lower for Cm84 (0.83) and slightly higher for Or1 (0.92). 

No loci exhibited signiýcant departure from HardyïWeinberg equilibrium (P > 0.05), and 

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 errors (Jensen 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 paternity when the 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 errors (Jensen 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, the sample size 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 maternal samples 

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 minimum number of fathers were the same whether 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 

%) had a 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 at Or1 (Table 6). The female was homozygous at Cm84 (326/326) and both parents 

shared the same genotype at Or1 (148/168). In clutch N38, we found only three different 

alleles at each locus. Not having a maternal sample for this clutch, the software GERUD 

2.0 was 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 results. The table shows the number of hatchlings originally 

analyzed in each nest and the final number after removing the hatchlings with just one 

óextraô paternal allele at one locus. The number of different alleles at the microsatellite loci 

Cm84 and Or1 is given, 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 calculations, the minimum number of fathers inferred by COLONY was 

calculated using the whole data. 

 

Nest No. of 

hatchlings 

analyzed  

(final No.) 

Cm84 alleles  

(final No.) 

Or1 alleles  

(final No.) 

Minimum 

Number of 

Fathers 

GERUD 2.0 

Minimum 

Number of 

Fathers 

COLONY 

B1 19 (18) 7(6) 7 3 4 

B2 17 7 7 No resultsa 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 
aNest B2 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 were obtained from samples, the 

paternal genotype was inferred by GERUD 2.0 

 

Maternal genotype Number 

of 

offspring 

Offspring 

genotypes 

Genotype 

frequency 

Inferred paternal 

genotype 

Cm84 Or1 Cm84 Or1 Cm84 Or1 

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 

326/322 148/148 3 

(B) Nest N38 genotypes. Offspring genotypes were obtained from samples. Parental 

genotypes were inferred by GERUD 2.0. The software was unable to identify one single 

pair of mother-father genotypes, but found four different possible combinations. 

 

Number 

of 

offspring 

Offspring 

genotypes 

Genotype 

frequency 

Inferred genotypes 

Parent 1 Parent 2 

Cm84 Or1 Cm84 Or1 Cm84 Or1 

18 325/325 152/168 4 325/341 

 

325/341 

 

325/341 

 

325/344 

148/168 

 

148/152 

 

148/152 

 

152/168 

325/344 

 

325/344 

 

325/344 

 

325/341 

152/152 

 

152/168 

 

148/168 

 

148/168 

341/344 152/168 3 

325/344 148/152 1 

325/344 152/168 2 

325/341 152/168 2 

325/341 148/152 3 

341/344 148/152 3 
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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 

contributions 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 reduce the PrDM to 0.72.  

Simulation analyses with GERUDsim 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 contribution (13 : 2).  

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 that 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 ranged from 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 analysis includes 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 tends to overestimate the number of parents when the number 
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of loci analyzed is low (Jones et al. 2007; Sefc and Koblmüller 2009), while GERUD 2.0 

is considered more accurate when paternity analyses can be run individually with less 

than 6 sires (Jones 2005). For this reason, we chose to use COLONY results only for 

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

 

Pooled Samples 

Both Or1 and Cm84 pooled samples showed stutter peaks, although Or1 could be 

resolved by visual comparison with a few individual samples. Cm84 were corrected using 

Poolfitter v1.1. 

Alleles detected in the Or1 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 individual 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 

with noise (Figs. 6B and 6Bô). After removing these small peaks, the total number of 

alleles detected 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 (Fig. 6B, Table 7). When a total of 5 or more alleles 

were used 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 Or1 pooled samples, visualized with Geneious 6.1.7. We show the graph for nests N37 (A, 

top) and H26 (B, bottom), both for samples pooled before PCR (A, B; left), and pooled PCR products (Aô, Bô; right). Solid line peaks 

indicate different alleles present in the nest, dotted line peaks represent reference scale sizes. Numbers indicate allele sizes in bp. Y axis 

shows frequencies in relative fluorescence units. Small peaks that may be indistinguishable from noise are circled.   
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Table 7. Pooled samples results. Number of Or1 and Cm84 parental alleles from individual and pooled samples, along with accuracy 

of results from pooled samples to correctly detect multiple paternity. 

 

Nest Or1 Cm84 Correct 

multiple 

paternity 

detection  

(Or1 & 

Cm 84) 

No. of alleles from 

individual samples 

(Final No. after 

removing possible 

mutations) 

Total No. of 

alleles from 

samples 

pooled before 

PCR 

Total No. of 

alleles from 

samples 

pooled after 

PCR 

Correct 

multiple 

paternity 

detection    

No. of alleles from 

individual samples 

(Final No. after 

removing possible 

mutations) 

Total No. of 

alleles from 

samples 

pooled 

before PCR 

Correct 

multiple 

paternity 

detection    

B1 7 6 5 Yes 7(6) 8 Yes Yes 

B3 2 2 2 Yes 3 3 Yes Yes 

H1 4 4 4 Noa 6(5) 4 No No 

H2 7 7 7 Yes 4 3 Nob Yes 

H26 6(5) 4 3 No 9(5) 4 No No 

N37 5(4) 5 5 Yes 4(2) 3 Nob Yes 

N38 3 3 - Yes 3 3 Yes Yes 

N40 6(5) 4 4 No 7(5) 5 Yes Yes 
aThe analysis of the pooled sample for this nest assessed the correct number of alleles (4), but the distribution pattern of the alleles in 

the individual samples indicated the presence of two fathers.  bInformation from Cm84 for nests H2 and N37 did not allow to infer 

multiple paternity  because the total number of alleles was less than 5 both in the individual sample and in the pooled sample analysis. 

However, information from Or1individual samples revealed multiple paternity in both nests. 

 




