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Abstract: The green turtle, Chelonia mydas, has suffered from population declines
throughout its range, mainly due to a continuous over-exploitation of eggs and adults.
To better understand the mating strategy of this endangered animal, paternity in egg
clutches of 36 green turtles from two major rookeries in Malaysia were investigated using
microsatellite markers. A high incidence of multiple paternity for the green turtles from
Sabah was discovered, with 71% of egg clutches showing evidence of being sired by at
least two different males. However, for the egg clutches from Terengganu, lower incidences
of multiple paternity (36%) were recorded. This study also documents the occurrence
of sperm storage in the green turtles from both sites. Similar patterns of paternity were
observed across successive clutches, consistent with the hypothesis of sperm being stored
from mating(s) prior to nesting and being used to fertilize all subsequent clutches of eggs
for that season. These data provide the first examples of multiple paternity and sperm
storage in the green turtle populations in Malaysia.

Keywords: Endangered species, mating, microsatellites, marine turtles, sperm storage,

sustainability.

Introduction

Previous studies have reported the frequency of
multiple mating in green turtles, where it varies
widely between populations (Parker ef al., 1996;
FitzSimmons, 1998; Lee & Hays, 2004; Wright
et al., 2012; Ekanayake et al., 2013). Variation
occurs as populations within a species can
have different environmental and demographic
variables that influence factors such as breeding,
mate availability, mate quality and mate
competitiveness (Lasala et al., 2013). There
are many explanations for why females might
mate multiple times. The two broad categories
of hypothesized benefits to explain why females
mate with multiple males are material and
genetic benefits (Walker, 1980; Reynolds, 1996).
Lee & Hays (2004) could not detect the benefits
of multiple mating to female green turtles and
suggested that environmental factors create
substantial variation in reproductive success.
They suggested that multiple paternity in sea
turtles is largely a result of male coercion, where

females have given in to harassment as a means
of reducing their overall costs. Lasala et al.,
(2013) reported that there was no relationship
between hatching success and the number of
fathers per clutch, suggesting that more fathers
add to the variability but not to viability of
hatchlings. The mating pattern of green turtle
populations in Malaysia is worth investigating
as it is an important component of life-history
traits and provide information on the population
structure relevant for conservation plans. Except
for the hawksbill turtles (Joseph & Shaw, 2011),
currently there is no studies on the mating
pattern of the green turtles in Malaysia.

In Malaysia, population decline of turtles are
attributed to the long history of egg exploitation,
commercial hunting and harvesting of sea
turtles at foraging grounds by illegal fishermen,
incidental captures in fishing gear and loss of
breeding habitats. In this study, we investigated
the multiple paternity in egg clutches of green
turtles from two major rookeries in Malaysia.
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The Sabah Turtle Islands situated at the Sulu Sea
provide an important nesting habitat for the green
turtle in Southeast Asia with nesting densities for
the last five years ranging from 10,000 to 15,000
per year (Sabah Parks, unpublished data). All
nests at Sabah Turtle Islands were transferred
to a beach hatchery since 1966. Starting 1997,
the hatcheries were partially shaded to ensure
the production of balanced sex ratios in the
population (Tiwol & Cabanban, 2000). On
the other hand, Redang Island, Terengganu
which is situated in the South China Sea is an
important nesting rookery for the green turtles
on the Malay Peninsula with nesting densities
for the last five years ranging from 1000 to 3000
per year (Terengganu Fisheries Department,
unpublished data), and the only nesting beach
in Malaysia that conduct in-situ egg incubation.
In addition, Dethmer ef al. (2006) confirmed the
spatial genetic differences between the green
turtle population of Sabah Turtle Islands and
Redang Island.

This study used microsatellite DNA markers
to document patterns of paternity within broods
of the green turtles, by genotyping females and
their offspring at five highly polymorphic loci.
The aims of this study were to (i) determine
the multiple paternity in egg clutches of green

turtles from the two major breeding sites in
Malaysia and (ii) to determine if the same
male(s) sired successive clutches of individual
females over repeated laying periods.

Materials and Methods
Sampling from Nesting Females and Hatchlings

Samples were collected at the Sabah Turtle
Islands Park (6°09°’N, 118°03°E) and Redang
Island, Terengganu (05°49°N, 103°00E),
Malaysia (Figure 1) from March 2003 to May
2004. Blood samples were collected from 36
adult females. Of these, 14 females were from
Sabah and 22 females were from Terengganu.
Multiple clutches laid within a nesting season
were obtained from three females from Sabah
(S10, S11 and S12) and four females from
Terengganu (T1, T2, T4 and T8), with 2 — 6
laying events separated by 9 to 43 days. Blood
samples were collected from the dorsal cervical
sinus of each female after egg laying, following
Joseph and Shaw (2011). For turtles not tagged
from a previous nesting season, Inconel tags
(style 681; National Band and Tag Co., Newport,
KY, USA) were applied in the trailing edges of
both front flippers for identification.
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Figure 1: Map of Malaysia showing the location of sampling sites (Sabah Turtle Islands Park and Redang
Island) for the paternity study
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Hatchlings emerged after 45 — 60 days of
incubation, and were randomly chosen from
each nest. Not more than 0.1 ml blood was
taken from the hatchlings’ dorsal cervical sinus
using lcc disposable insulin syringe and stored
in a tube containing lysis buffer (Dutton 1996).
All hatchlings were released immediately after
blood collection.

DNA Extraction and Amplification

Total genomic DNA was extracted using CTAB
protocol (Bruford et al., 1992). Genotype profiles
of females and their clutches were obtained
for five microsatellite loci — Cm3, Cm58 and
Cm72 known to be polymorphic in C. mydas
(FitzZSimmons et al., 1995). The fourth locus,
nCm84 (FitzSimmons, pers. comm.) was ashorter
version of the previous Cm84 (FitzSimmons et
al., 1995), and the fifth locus, Cc7 was isolated
from Caretta caretta (FitzZSimmons, 1998).
The PCR reactions to amplify microsatellites
were based on the protocol by Joseph and Shaw
(2011). Amplified products were resolved on
6% denaturing polyacrylamide gels run on
an ALFexpress IITM (Amersham Pharmacia
Biotech) automated sequencer, with the product
size being determined against internal standard
size markers using Fragment Manager vl1.2
(Amersham Pharmacia Biotech). Products were
run with samples of adult females run adjacent
to samples of their offspring.

Statistical Analyses

Genotype frequencies of nesting females at each
locus were tested for departure from the Hardy-
Weinberg equilibrium and each pair of loci were
tested for genotypic linkage disequilibrium
using GENEPOP (Rousset, 2008). Null alleles
were checked using Micro-Checker (Van
Oosterhout e al., 2004). Maternal genotypes
were determined directly from the sampled
female and in her offsprings. Paternal alleles
were inferred from offspring genotypes once
maternal alleles were accounted for. To assess
the number of fathers in a clutch, a multi-locus
approach was used to reconstruct the paternal
genotypes and therefore assign individual
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offspring to individual males (DeWoody et al.,
2000). For confirmation of paternal genotypes,
maternal and offspring genotypes were then
analysed using GERUD 2.0 (Jones, 2005),
as the software GERUD has been used for
parentage analysis in many natural populations
(e.g., Jensen et al., 2006; Yue & Chang, 2010;
Joseph & Shaw, 2011; Duran et al., 2015). To
test for the ability to detect multiple paternity,
mean relatedness within clutches was calculated
using MER (Wang, 2004) and used to estimate
effective number of mates (Me - after Bretman
& Tregenza, 2005).

Results and Discussion

All five loci were highly polymorphic, with 7 to
25 alleles, and expected heterozygosity from 0.69
to 0.91 (Table 1). No loci exhibited significant
departure from Hardy-Weinberg equilibrium
(P>0.05), and no linkage disequilibrium was
detected between loci. Null alleles were not
detected at any of the five loci used.

Reconstruction of paternal genotypes
within clutches using multi locus parsimony
(confirmed by outcomes in GERUD 2.0 and
MER) had identified that 71% and 36% of all
egg clutches from Sabah and Terengganu,
respectively were being sired by more than one
male (Table 2). The green turtle clutches from
Sabah were sired by maximum of two possible
fathers, whereas three possible fathers were
detected in the egg clutches from Terengganu
(T4 & T11). Two patterns of mating were found,
either females mated with only one male or
alternatively, females mated with multiple males
(two or three males) to fertilize her clutches. In
all cases of multiple paternity, evidence of three
or more paternal alleles were found in at least
four of the five loci. With the loci and sample
sizes used there is high confidence that the
detection of multiple paternity is accurate: allele
frequencies calculated from adult females give
a 5-locus exclusion probability, with one parent
known, of 0.99 (GERUD 2.0).

The results obtained support the hypothesis
of multiple paternity in the Malaysian green turtle
mating patterns. The results are consistent with
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Table 1: Number of alleles, expected heterozygosity (/) and exclusion probability for the five microsatellite loci
used for paternity analysis in the green turtles from Sabah Turtle Islands Park and Redang Island, Terengganu

Sabah Turtle Islands Park

Redang Island, Terengganu

Locus Number H, Exclusion Number H, Exclusion
of alleles Probability of alleles Probability
(one parent (one parent known
known with with certainty)
certainty)

Cm3 13 0.89 0.82 17 0.86 0.82

Cm?72 15 0.87 0.84 25 0.91 0.88

nCm84 13 0.85 0.78 16 0.89 0.83

Cm58 7 0.69 0.62 11 0.73 0.70

Cc7 16 0.90 0.83 15 0.86 0.79

Multi-locus 12.8 0.84 0.99 16.8 0.85 0.99

behavioural observations of multiple matings
in the green turtle (pers. observations), and in
agreement with previous paternity studies in sea
turtles (e.g. Parker et al., 1996; FitzSimmons,
1998; Kichler et al., 1999; Hoekert et al., 2002;
Lee & Hays 2004; Theissinger et al., 2009;
Joseph & Shaw, 2011; Stewart & Dutton, 2011;
Ekanayake et al., 2013, Duran et al., 2015). The
present study thus suggests that multiple mating
by females resulting in multiple paternity might
be the dominant breeding strategy in green
turtles, and an important factor shaping the
mating system of the green turtle populations in
Malaysia.

Multiple paternity was common in Sabah,
with 71% of the nests exhibiting multiple
fathers. This level of multiple paternity exceeds
the level reported in other studies of green turtle
(Parker et al., 1996; FitzSimmons, 1998; Lee
& Hays, 2004; Wright et al., 2012; Ekanayake
et al., 2013). As compared to Sabah, multiple
paternity in Terengganu were lower, with only
36% of all clutches exhibiting multiple fathers.
Despite the agreement of multiple paternity in
the green turtle, all previous studies and the
present study show a wide range of different
incidences of multiple paternity. Several factors
could have influenced the incidence of multiple
paternity in individual turtle populations such
as breeding sex ratio (Bollmer et al., 1999)
and sperm competition (FitzSimmons, 1998).
The present study demonstrates variation in the
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incidence of multiple paternity between two
nesting populations in the same geographical
area (Malaysia), which might be related to
nesting densities (i.e. the natural population
size). A lower breeding population size is likely
to reduce nesting density and also reduces the
chances of a female to mate with more than one
male. The population in Sabah Turtle Islands
Park is much bigger and more stable compared
to the population in Redang Island, Terengganu.
Furthermore, the Sabah population is considered
to be part of a larger population with nesting
grounds extending to the Philippines Turtle
Islands (Moritz et al., 2002). In addition, in
larger female breeding populations such as
Sabah, male turtles show fidelity to particular
courting sites, moving very little during the
mating period (Limpus 1993; FitzSimmons et
al., 1997a; 1997b). This would also increase the
opportunity of multiple matings. Besides that, a
longer breeding season in Sabah (all year round)
might also increase the incidences of multiple
matings in the population.

Paternity Analysis within Successive Clutches
firom the Same Nesting Females

Multiple clutches per female were observed for
seven individual green turtles (between 2 and 6
successive laying events) throughout the nesting
season. In all cases tested, the same paternal
alleles as observed in the first clutch at all five
loci were also detected among the offspring
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in the subsequent clutches (Table 3). Out of
the seven multiple clutches, only three were
multiply sired (S12, T2 and T4). FitzSimmons
(1998) also reported the identical paternity for all
successive clutches of nine green turtle females
from the southern Great Barrier Reef. Other sea
turtles also exhibit the same paternity across
multiple clutches laid by individual females of
Kemp’s ridley (Kichler ez al., 1999), leatherback
turtle (Crim et al., 2002), loggerhead (Moore
& Ball, 2002) and hawksbill turtle (Joseph &
Shaw, 2011). These data are consistent with
the hypothesis of sperm being stored from
mating(s) prior to nesting and being used to
fertilize all subsequent clutches of eggs that
season without additional inter-nesting mating.
This also suggests that females do not mate with
new (extra) males during the egg-laying season.
Sperm storage is considered to play an important
role in reproduction of turtles in which male and
female cycles do not coincide. In sea turtles,
mating only occurs at the beginning of the season
and male sea turtles will migrate to the feeding
areas once the mating season ends. Nesting of
female sea turtles will take several months and
sperm storage can increase the probability of
fertilizing all clutches, particularly if males are
a limiting resource or in a population of low
density (Galbraith et al., 1993).

Conclusion

This study demonstrates multiple paternity in
green turtle clutches - suggesting that multiple
paternity might be a common breeding strategy
of green turtle populations in Malaysia. Multiple
paternity has positive implications for this
endangered species because it can increase
the effective population size, thus reducing
the loss of genetic variability through drift
(Sugg & Chesser, 1994). Furthermore, given
the large energy involved in migration and egg
production, it may be advantageous for female
sea turtles to have multiple matings to reduce
the risk of mating singly with sterile males. It
is also concluded from this study that there is
sperm storage in nesting female green turtles
from Malaysia, and that mating probably only
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occurs prior to the beginning of the nesting
season.

Acknowledgements

We gratefully thank the Director of Sabah
Parks and for approving the project, providing
logistical ~ support and  accommodation
throughout the study. This research was funded
by the Universiti Malaysia Terengganu Sea
Turtle Trust Fund (Vote no: 63130) and Royal
Holloway University of London. Special thanks
to the Fisheries Department of Malaysia and
the Department for the Environment, Food and
Rural Affair, United Kingdom for approving the
CITES permit (permit no: MY FSHQ/226/04).

References

Bollmer, J. L., Irwin, M. E, Reider, J. P, &
Parker, P. G. (1999). Multiple Paternity in
Loggerhead Clutches. Copeia, 2: 475-478.

Bretman, A., & Tregenza, T. (2005). Measuring
Polyandry in Wild Populations: A Case
Study Using Promiscuous Crickets. Mol.
Ecol., 14:2169-2179.

Bruford, M. V., Hanotte, O., Brookfield, J. F.
Y., & Bruke, T. (1992). Single-locus and
Multilocus DNA Fingerprinting. In A. R.
Hoelzel (Ed.), Molecular Genetic Analysis
of Population (pp. 225-269). Oxford: IRL
Press.

Crim, J. L., Spotila, L. D., Spotila, J. R,
O’Connor, M., Reina, R., Williams, C. J.,
& Paladino, F. V. (2002). The Leatherback
Turtle, Dermochelys coriaceae, Exhibits

Both Polyandry and Polygyny. Mol. Ecol., 11:
2097-2106.

Dethmers, K. E. M., Broderick, D., Moritz, C.,
Fitzsimmons, N. N., Limpus, C. J., Lavery,
S., Whiting, S., Guinea, M., Prince, R. . T.,
& Kennett, R. (2006). The Genetic Structure
of Australasian Green Turtles (Chelonia
mydas): Exploring the Geographical Scale
of Genetic Exchange. Mol. Ecol., 15: 3931-
3946.



MULTIPLE PATERNITY IN EGG CLUTCHES OF GREEN TURTLES IN REDANG ISLAND 21

DeWoody, J. A., Walker, D., & Avise, J. C.
(2000). Genetic Parentage in Large Half-
sib Clutches; Theoretical Estimates and
Empirical Appraisals. Genetics, 154: 1907-
1912.

Duran, N., Dunbar, S. G., Escobar 111, R. A, &
Standish, T. G. (2015). High Frequency of

Multiple Paternity in a Solitary Population
of Olive Riddle Sea Turtles in Honduras. J.
Exp. Mar Biol Ecol., 463: 63-71.

Dutton, P. H. (1996). Methods for Collection
and Preservation of Samples for Sea
Turtle Genetic Studies. In Bowen, B. W.,
Witzell, W. N. (Eds.), Proceedings of the
International Symposium on Sea Turtle
Genetics. NOAA Technical Memorandum,
NMFS-SEFSC-396, Miami, Florida, p 17-
24.

Ekanayake, E. M. L., Kapurusinghe, T., Saman,
M. M., Rathnakumara, D. S., Samaraweera,
P., Ranawana, K. B., & Rajakaruna, R. S.
(2013). Paternity of Green Turtle (Chelonia
mydas) Clutches Laid at Kosgoda, Sri
Lanka. Herpetol. Conserv. Biol., 8(1): 27-
36.

FitzZSimmons, N. N. (1998). Single Paternity
of Clutches and Sperm Storage in the
Promiscuous Green Turtle (Chelonia
mydas). Mol. Ecol., 7: 575-584.

FitzSimmons, N. N., Moritz, C., & Moore, S.
S. (1995). Conservation and Dynamics of
Microsatellite Loci over 300 Million Years
of Marine Turtle Evolution. Mol. Biol.
Evol., 12: 432-440.

FitzSimmons, N. N., Goldizen, A. R., Norman,
J. A., Moritz, M., & Millar, J. D. (1997a).
Philopatry of Male Marine Turtles Inferred
from Mitochondrial DNA  Markers.
Proceedings of the National Academy of
Sciences of the United States. 94: 8912-
8917.

FitzSimmons, N. N., Moritz, C., Limpus, C. J.,
Pope, L., & Prince, R. (1997b). Geographic
Structure of Mitochondrial and Nuclear
Gene Polymorphisms in Australian Green

J. Sustain. Sci. Manage. Volume 12(1) 2017: 12-22

Turtle Populations and Male Mediated
Gene Flow. Genetics, 147: 1843-1854.

Galbraith, D. A., White, N. N., Brooks, R. J.,
& Boag, P. T. (1993). Multiple Paternity
in Clutches of Snapping Turtles (Chelydra
serpentina)  Detected  Using  DNA
Fingerprints. Canadian Journal Zoology,
71:318-324.

Hoekert, W. E. J., Neufeglise, H., Schouten, A.
D., & Menken, S. B. J. (2002). Multiple
Paternity and Female-biased Mutation at a
Microsatellite Locus in the Olive RidleySea
Turtle (Lepidochelys olivacea). Heredity,
89: 107-113.

Jensen, M. P., Abreu-Grobois, F. A., Frydenberg,
J., & Loeschcke, V. (2006). Microsatellites
Provide Insight into Contracting Mating
Patterns in Arribada vs. Non-arribada Olive
Ridley Sea Turtles Rookeries. Mol. Ecol.,
15:2567-2575.

Jones, A. G. (2005). GERUD 2.0: A Computer
Program for the Reconstruction of Parental
Genotypes from Half-sib Progeny Arrays
with Known or Unknown Parents. Mol.
Ecol. Notes, 5: 708-711.

Joseph, J., & Shaw, P. W. (2011). Multiple
Paternity in Egg Clutches of Hawksbill
Turtles (Eretmochelys imbricata). Conserv.
Genet., 12: 601-605.

Kichler, K., Holder, M. T., Davis, S. K.,
Marquez-M, S. R., & Owens, D. W. (1999).
Detection of Multiple Paternity in the
Kemp’s Ridley Sea Turtle with Limited
Sampling. Mol. Ecol., 8: 819-830.

Lasala, J. A, Harrison, J. S., Williams, K. L.,
& Rostal, D. C. (2013). Strong Male-
biased Operational Sex Ratio in a Breeding
Population of Loggerhead Turtles (Caretta
caretta) Inferred by Paternal Genotype
Reconstruction Analysis. Ecol. Evol., 3(14):
4736-4747.

Lee, P. L. M., & Hays, G. C. (2004). Polyandry
in a Marine Turtle: Females Make the Best
of a Bad Job. Proceedings of the National
Academy of Sciences, USA. 101: 6530-
6535.



Juanita Joseph et al.

Limpus, C. J. (1993). The Green Turtle,
Chelonia mydas, in Queensland: Breeding
Males in the Southern Great Barrier Reef.
Wildlife Research, 20: 513-523.

Moore, M. K., & Ball Jr., R. M. (2002). Multiple
Paternity in Loggerhead Turtle (Caretta
caretta) Nests on Melbourne Beach,
Florida: A Microsatellite Analysis. Mol.
Ecol., 11: 281-288.

Moritz, C., Broderick, D., Dethmers, K.,
FitzSimmons, N., & Limpus, C. J. (2002).
Population Genetics of Southeast Asian and
Western Pacific Green Turtles, Chelonia
mydas. Final Report to UNEP/CMS.

Parker, P. G., Waite, T. A., & Peare, T. (1996).
Paternity Studies in Animal Populations.
In T. B. Smith, & R. K. Wayne (Eds.),
Molecular  Genetic ~ Approaches  in
Conservation (pp 413-423). New York:
Oxford University Press.

Reynolds, J. D. (1996). Animal Breeding
Systems. Trends in Ecology and Evolution,
11: 68-72.

Rousset, F. (2008). GENEPOP’007: A Complete
Re-implementation of the GENEPOP
Software for Windows and Linux. Mol
Ecol. Resour., 8(1): 103-106.

Sugg, D. W., & Chesser, R. K. (1994). Effective
Population Sizes with Multiple Paternity.
Genetics, 137: 1147-1155.

Stewart, K. R., & Dutton, P. H. (2011). Paternal
Genotype Reconstruction Reveals Multiple
Paternity and Sex Ratios in a Breeding
Population  of  Leatherback  Turtles
(Dermochelys coriacea). Conserv. Genet.,
12(4): 1101-1113.

J. Sustain. Sci. Manage. Volume 12(1) 2017: 12-22

22

Theissinger, K., FitzSimmons, N., Limpus, C.,
Parmenter, C., & Phillott, A. (2009). Mating
System, Multiple Paternity and Effective
Population Size in the Endemic Flatback
Turtle (Natator depressus) in Australia.
Conserv. Genet., 10(2): 329-346.

Tiwol, C. M., & Cabanban, C. A. (2000). All
Female Hatchlings from the Open-beach
Hatchery at Gulisaan Island, Turtle Islands
Park, Sabah. In Pilcher, N. J., & Ismail, M.
G. (Eds.), Sea Turtles of the Indo-Pacific:
Research, Management and Conservation.
Kuala Lumpur: ASEAN Academic Press.
p218-227.

Van Oosterhout, C., Hutchinson, W. F., Wills,
D. P. M., & Shipley, P. (2004). MICRO-
CHECKER: Software for Identifying
and Correcting Genotyping Errors in
Microsatellite Data. Mol. Ecol. Notes, 4
535-538.

Walker, W. F. (1980). Sperm Ultilization
Strategies in Non-social Insects. The
American Naturalist, 115: 780-799.

Wang, J. (2004). Estimating Pairwise
Relatedness from Dominant Genetic
Markers. Mol. Ecol., 13: 3169-3178.

Wright, L. 1., Fuller, W. J., Godley, B. J.,
McGowan, A., Tregenza, T., & Broderick,
A. C. (2012). Reconstruction of Paternal
Genotypes over Multiple Breeding Seasons
Reveals Male Green Turtles Do Not Breed
Annually. Mol. Ecol.,, 21: 3625-3635.

Yue, G. H., & Chang, A. (2010). Molecular
Evidence for High Frequency of Multiple
Paternity in a Freshwater Shrimp Species
Caridina ensifera. PLoS ONE, 5(9):
el2721.



