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ABSTRACT

A network of sea turtle conservation groups, under the scientific guidance of the Sea Turtle Protection
Program of Research Center for Pacific Marine Resources — University of Papua, monitors and protects sea
turtle nests laid on north Manokwari beaches. The group relocates freshly laid nests that are threatened by
poachers and possible inundation by high tides. Nest relocation may have negative effects: it may reduce
hatching success, alter sex ratio, and reduce hatchling fitness. Thus an evaluation of hatching success of
relocated nests to hatcheries under the protection of the Papua Barat Sea Turtle Protection Program is
warranted. Using 2015-2016 data, provided by the local sea turtle conservation group, hatching success of
relocated nests was evaluated. The evaluation of hatching success showed a tendency of significant sea
turtle hatchlings hatching from relocated nests in hatcheries. Results of the evaluation indicate that nest
relocation is a viable option, however it is recommended to only relocate nests that are at a high risk from
poaching, predation and erosion from high tides. Nest relocation recommendations with the evaluation
results: use nest relocation as a current viable resort, only relocate nests that will be in high-risk due to
poaching, predation and potential over-washed by high tides.

Key words : Sea turtle conservation, Threatened, Relocation, Hatching success, Poaching, Predation.

Introduction

Sea turtle nesting season in the north coast of
Manokwari occurs in the boreal summer between
March and July (Tapilatu ef al., 2017). Sea turtle
eggs, hatchlings, and nesting female sea turtles en-
counter numerous threats on the nesting beaches.
The threats listed in Tapilatu et al., (2017) include
poaching and egg collection, human presence,

beach erosion, artificial lighting, recreational activi-
ties, plant roots and tidal inundation. Opportunistic
poaching of nesting females continues to occur at
nesting beaches at Bird’s Head seascape (Tapilatu et
al., 2017). Poachers wait for an adult female to
emerge from the sea to nest, drag the animal inland
and invert it to ensure it cannot escape. The captured
turtle is killed immediately or moved to a village
and killed at a later time. In general, the local people
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are law-abiding and reluctant to break the law, how-
ever many impoverished poachers may use sea
turtles to feed their family. Law enforcement is inad-
equate due to the isolated location of the nesting
beaches, lack of law enforcement personnel, and
lack of funding. In the nearby cities of Manokwari
and Sorong, there is a demand for sea turtle meat
and eggs. A mature green turtle can garner approxi-
mately 500,000 IDR ($50.00 USD), whereas in a
small village, the same sea turtle would only be
worth 50,000 IDR ($5.00 USD) or less. There is little
to no market for sea turtle eggs in villages, therefore
any eggs poached are eaten by the family of the col-
lectors or shipped to market in nearby cities. The
majority of egg collectors are people from villages
adjacent to nesting beaches. Extra income from sell-
ing sea turtle meat and eggs can be significant to
families in Bird's Head because the national average
per capita income is approximately 35,000,000 IDR
($3,500.00 USD)(World Bank 2013).

Working under scientific protocol, the conserva-
tion group based in Mubraidiba village monitors,
manages and protects sea turtles nests. The protec-
tion program maintains a small conservation group
to manage nesting habitats, collect data on nesting
activity, and deal with the numerous threats that sea
turtle face in in north of Manokwari. Due to inten-
sive poaching of eggs, the conservation group fo-
cuses on relocating newly laid nests to shaded
hatcheries built in Warbefor in 2015 and Mubraidiba
in 2016. The relocation of nests in hatcheries is a con-
servation technique used for reducing threats to
eggs and hatcheries of marine turtles. Mortimer
(1999) stated that hatheries should be used as a last
option. This is due to the potential negative effect of
hatcheries such as sex ratio alteration (Godfrey and
Mrosovsky, 1999) or reduction of hatching success
relative to natural nests (Limpus et al., 1979;
Mortimer 1999). On the other hand, other publica-
tions have suggested that increasing hatchling pro-
duction through nest relocation can have positive
impacts on population size (Dutton et al., 2005;
Mazaris et al., 2005).

Assessments of positive and negative impacts of
nest relocation traditionally are superficial. Nor-
mally, comparisons of hatching success are made
between relocated nests and in-sifu nests (nests left
in place). However, due to the high rate of poaching
at the nesting beach, the comparison can not be done
and then abandoned, therefore we attempted to in-
vestigate seasonal changes in hatchling success be-
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tween the 2015 and 2016 nesting seasons in the
hatchery. The good thing we attempted to look sea-
sonal changes in hatching success over nesting sea-
son between 2015-2016 in the hatchery. Finally, we
were able to locate temperature dataloggers at
hatchery sites and a nest of green turtle in the hatch-
ery in 2016 nesting season as a sex-ratio indicator.
The objective of this study was to assess the manage-
ment technique of sea turtle nest relocation in north
of Manokwari between 2015 and 2016. To assess and
examine the impacts of next relocation, focusing on
hatchling success and sand temperature. To make
the assessment and examine the impacts of nest re-
location, the evaluation looked in hatching success
and sand and nest temperature. Ultimately, based
on our findings, we aimed to provide recommenda-
tions for nest relocation techniques that can be ap-
plied to other nesting beaches facing similar threats.
The last goal was to formulate a series of nest relo-
cation reccomendations in the north coast of Bird’s
Head and its application to other nesting beaches
with similar issues at Bird’s Head Seascape - Papua
Indonesia.

Materials and Methods

Nesting Areas in the North of Manokwari

The north coast of Manokwari nesting area for sea
turtles (Tapilatu et al., 2017) consists of ~50km of
beaches (Fig. 1). Nesting beaches are not continues
and separated by villages, terrain composed of cliffs,
rocky outcroppings, perennial rivers, and /or estuar-
ies. There are 12 villages and these beaches are sub-
ject to seasonal patterns of erosion and accretion.
Changes in the currents brought on by the mon-
soons that begin in September can cause major ero-
sion often removes the beach until accretion begins
again in March.

The local sea turtle conservation group based in
Mubraidiba village in the north coast of Manokwari
supplied the data for the evaluation. The source of
data was the conservation group’s annual relocation
reports from 2015 to 2016. The data for the evalua-
tion only included nesting activities of sea turtles on
the north coast of Manokwari reported to hotline
provided by the conservation group and the Re-
search Center for Pacific Marine Resources of Uni-
versity of Papua.

Hatching success

The evaluation assessed hatching success, incuba-
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Fig. 1. Map showing sea turtle nesting area at north coast of Manokwari

tion duration, sand and incubation temperature
with the following variables: sea turtle species, date
of nest laid, date of nest relocated, date of nest re-
buried, date of hatching, hatching success, daily
sand temperature of hatchery, and daily nest tem-
perature during incubation. The data set also in-
cluded nest inventory data of following variables:
TE = The total number of whole eggshells (>50%);
UE = The number of unhatched eggs; DH = The
number of dead hatchlings in the nest cavity; and
LH = The number of live hatchlings emerged from
eggs, but did not leave the nest. Hatching success
was calculated by dividing hatched egg shells (>50%
intact) with total number of eggs (for hard-shelled
turtles) and with total yolked eggs (for leatherback
turtle)(Eckert and Eckert, 1990). Numbers of
yolkless eggs were also recorded but not included in
calculating hatching success for leatherback nests
(Tapilatu, 2014). The number of nests relocated and
hatching success data from the north beach of
Manokwari were used to calculate the hatchling
output (hatchlings that were produced from relo-

cated nests). For each year (2015-2016), hatching suc-
cess and hatchling production were calculated.
Overall hatching success was compared between
2015 and 2016 or between hatchery sites using
Mann-Whitney tests and ANOVA, respectively;
hatching success values were also compared be-
tween Jamursba-Medi and Wermon using the
Mann-Whitney test. If assumptions of normality and
equal variance were violated, nonparametric tests
were used (Wilcoxon signed ranks test and Mann-
Whitney test).

Daily sand and incubation temperatures

A type of temperature data loggers (HOBO Pen-
dants, Onset Computer Corporation, Pocassete,
MA) were used to record sand in the hatchery in
2016 and nest temperatures. These data loggers ac-
curately record temperatures to approximately +
0.3-0.4°C. The data loggers were programmed in
the laboratory to record temperature every hour.
Due to limited availability of data loggers avail-
ability, data loggers were used during the 2016 nest-
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ing season in the hatchery at Mubraidiba. No data
loggers were placed in the hatchery built at
Warbefor in 2015. Further, to investigate potential
variation in incubation temperatures within the
hatcheries, two dataloggers were placed in two dif-
ferent cement blocks. In order to monitor sand tem-
perature in the hatchery, two data loggers were
placed in the middle portion of each of the two ce-
ment blocks filled with clean sand in the hatchery
between 11 May and 20 September 2016. The data
loggers were buried at a depth of 40cm during 2016
nesting season in the hatchery. This depth was cho-
sen to approximate the mid nest depth of hard-
shelled turtle nests on the nesting beach. The sand
and nest temperature data were downloaded using
HOBOWARE software and then exported to
Microsoft Excel. The hourly sand temperature data
were averaged to obtain mean daily sand tempera-
tures.

To investigate whether there was a relationship
between incubation temperatures and hatching suc-
cess, a temperature data logger was also used to
record incubation temperatures of a relocated nest
within the hatchery in 2016. A data logger was
placed in the center of the nest when a nest was op-
portunistically selected and relocated. Sand tem-
perature data in the Block one and Block 2 within
the hatchery in Mubraidiba in 2016 were compared
using a paired t-test and Wilcoxon signed ranks test,
respectively. To determine whether sand tempera-
tures varied among months in the hatchery,
monthly temperatures were compared using an
analysis of variance (ANOVA) test followed by the
Scheffe's pairwise comparison test. For all variables,
equality of variances was tested using a Levene’s
test, and normality of data was determined by a
Kolmogorov-Smirnov test. Data were analyzed us-
ing SPSS 14.0 and Minitab 13.0. Alpha level was set
at 0.05.

In addition, to evaluate the effect of nest tempera-
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ture on potential hatchling sex ratio, the mean nest
temperature during middle third of incubation was
calculated from sampled nest and compared to piv-
otal temperature. Previous studies indicate that
mean nest temperature during the middle third of
incubation represents an accurate method for pre-
dicting sex ratio in nest that do not experience large
daily fluctuations in temperature (Georges ef al.,
1994; Georges et al., 2004).

Results

Sea turtle species and Beach/Village origin

Four species of sea turtle use these beaches for nest-
ing. The number or proportion of nests is dominated
by Green (Chelonia mydas) sea turtle at both years
(Table 1). Other sea turtle species such as Leather-
back (Dermochelys coriacea), Olive-ridley (Lepidochelys
olivaceae) and Hawksbill (Eretmochelys imbricata)
were also nested in the area with small number/
proportion.

Along the nesting beach on the north coast of
Manokwari, nests of sea turtles reported by local
villagers/fishermen and subsequently relocated to
eggs hatcheries were originated from different sec-
tion/nearby villages (Table 2). Mostly nests relo-
cated were originally from Warbefor (38.2%) in 2015
and Sibuni (19.3%) in 2016 (Table 2).

Hatching success and incubation duration

The hatching success was relatively high for all sea
turtle species with the exception for leatherback sea
turtle in Mubraidiba hatchery in 2016 (Table 3).
There was a significant different in hatching success
between relocation sites and years (Warbefor 2015:
overall mean = 83.2.5%, SD = 9.4%, range = 56.0%—
95.8%, n = 34; Mubraidiba 2016: overall mean =
88.1[}’0, SD = 12.8'70, range =13.U[70—98.3'yo, n=73;
Mann-Whitney test; p < 0.001). Overall hatching

Table 1. Number/Proportion of sea turtle nest reported and relocated to egg hatchery

Hatchery location and year

Warbefor: 2015

Mubraidiba: 2016

Sea turtle species Number Proportion (%) Number Proportion (%)
Green 30 88.2 61 83.6
Leatherback 2 59 3 4.1
Olive-Ridley 2 59 7 9.6
Hawksbill 0 0 2 27

Total 34 73
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Table 2. Number/Proportion of the origin of sea turtles nests reported

Hatchery location and year

Warbefor: 2015

Mubraidiba: 2016

Beach section/village Number Proportion (%) Number Proportion (%)
Bremi 7 20.6 2 2.7
Inyei 6 17.6 9 123
Jonggom 0 0 1 14
Mandopi 1 2.9 0 0
Menyes 1 29 1 1.4
Minyeofoka 0 0 5 6.8
Mubraidiba + 11.7 4 5.5
Mumbri Rimour 0 6 8.2
Mubri Weriori 1 29 8 10.9
Saroy 0 0 2 2.7
Sibuni 1 29 14 19.3
Singgibeba 0 0 3 4.1
Undi 0 0 6 8.2
Warbefor 13 382 12 16.4
Total 34 73

Table 3. Hatching success and incubation duration of relocated nests in Warbefor (2015) and Mubraidiba (2016)

Hatchery location and year

Warbefor: 2015

Mubraidiba: 2016

Hatching
success (%)
(Mean, SD, Range)

Incubation
duration (days)
(Mean, SD, Range)

Hatching success
(%)
(Mean, SD, Range)

Incubation

duration (days)
(Mean, SD, Range)

52.7, 2.3, 50-56
61.0, 1.4, 60-62
54.5, 0.7, 54-55

89.9, 4.6, 79.4-98.3
43.0, 44.3, 13.0-93.8
929,39, 85.6-95.8
91.0, 8.0, 85.3-96.6

52.7,2.2, 49-55
59.3, 1.2, 58-60
51.7, 1.1, 50-53
52.0, 1.4, 51-53

Green 83.7,9.3, 56.0-95.8
Leatherback 81.6, 8.7, 75.5-87.8
Olive-Ridley 76.9,15.7, 65.8-88.0
Hawksbill -

Overall 83.2, 9.4, 56.0-95.8

88.1, 12.8,13.098.3

success of leatherback nests (mean = 58.5%, SD =
38.0%, range = 12.9% - 93.8%) was significantly
lower than green, olive ridley and hawksbill nests
(Green: mean = 87.9%, SD = 7.1%, range = 56.0%—
98.3%, n =91; Olive Ridley: mean =89.3%, SD = 9.5%,
range = 65.8%-95.8%, n = 9; Hawksbill: mean =
90.9'70, SD =7.9Lyo, range = 85.3"0—96.6‘%, n= 2;
Mann-Whitney tests; p< 0.05), but not between
green, olive ridley and hawksbill (Mann-Whitney

Table 4. Mean sand temperature (°C) at 40cm in the
hatchery of Mubraidiba recorded from 11 May

— 20 September 2016

Months Block-1 Block-2

(Mean=+SD, Range) (Mean+SD, Range)
May 30.3+0.2, 29.9-30.5 30.2+0.1, 30.1-30.3
June 29.2+0.2, 29.5-30.3 30.0+0.2, 29.4-30.3
July 29.3+0.2, 28.5-30.2 29.3+0.1, 29.2-29.3
August 29.4+0.4, 28.5-30.2 29.5+0.3, 29.0-30.0
September  29.6+0.1, 29.4-29.7 29.5+0.1, 29.5-29.7

tests; p = 0.89, p= 0.51, p = 0.72). In addition, the in-
cubation duration for leatherback is relatively longer
in than other hard-shell turtle species (Table 3).

Overall, sand temperatures fluctuated between
28.5° and 30.5°C (Table 4). No significant difference
in daily mean sand temperature occurred between
the two blocks within the hatchery (paired t-test; t =-
0.59, p= 0.58). However, mean sand temperatures
differed among months (ANOVA; F = 14.83, p<
0.05), with temperatures in May being significantly
warmer than June, July, August, and September
(Scheffe’s; p< 0.05).

Discussion

In north coast of Manokwari, the primary reason for
nest relocation is to save nests from poaching and
being consumed by terrestrial predators. The small-
scale implementation of egg hatcheries could be a
pivotal step in preventing the decline of sea turtle
population(s) in the area in which most marine
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turtle populations in the Indo Pacific region are se-
verely depleted (Limpus 1994, 1997). For example,
sea turtle populations in Papua - Indonesia have ex-
perienced a dramatic decline in nesting numbers in
recent decades (Tapilatu ef al., 2017). In addition, the
Pacific leatherback has declined by 95% over the
past 30 years (Spotila ef al., 2000). Tapilatu et al.
(2013) found that the estimated annual number of
leatherback nests at Jamursba Medi beach of the
Bird’s Head region, Indonesia has declined 78.3%
over the past 27 years. In the Pacific region, the de-
cline of sea turtle population(s) was primarily
caused by excessive harvesting of eggs and nesting
females (Meylan and Donnely 1999; Chaloupka
2001; Seminoff 2002; Horikoshi et al., 1994; Trinidad
and Wilson 2000; Gardner and Nichols 2001;
Tapilatu et al., 2013; Tapilatu and Ballamu 2015), in-
cidental fishery bycatch (Cheng and Chen 1997;
Chaloupka 2003), and development of coastal areas
(Sharma 2000; Matsuzawa et al., 2002).

Sea turtle eggs have a relatively low reproductive
value but they are of obvious importance for the
maintenance and recovery of sea turtle populations
(Crouse et al., 1987, Heppel 1997). For example, the
long-term protection of eggs by creation of efficient
hatcheries has resulted in increasing number of
leatherbacks nesting in the Caribbean (Dutton et al.,
2005). In addition, the protection of eggs in hatcher-
ies has significantly contributed to the gradual re-
covery of the Kemp’s Ridley sea turtle population,
which was on the brink of extinction in the mid
1980s (Marquez et al., 1996). A variety of other ex-
amples have been reported in which egg hatcheries
have been used in sea turtle conservation programs
including Sandy Point, St Croix (Boulon ef al., 1996),
Krofajapasi, Suriname (Whitmore and Dutton 1985),
Rantau Abang, Malaysia (Chua 1988; Chua and
Furtado 1988), Rancho Nuevo, Mexico (Marquez et
al., 1996) and Guatemala (Higginson and Vasquez
1989). Thus, improving hatching success through
the use of egg hatcheries can represent a critical
component in the recovery strategy for endangered
sea turtles. Since other nesting aggregations have
plummeted, Papua’s nesting aggregation is of even
greater importance to ensure the recovery of sea
turtles in the Pacific region.

The thermal tolerance range for sea turtle em-
bryos is estimated to lie between 25° and 35°C
(Ackerman 1997) or between 24° and 32°C (Yntema
and Mrosovsky 1982), and the pivotal temperatures
tend to cluster around 29°C (Mrosovsky 1994). The
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pivotal temperature may vary with species and lo-
cale. For example, the pivotal temperatures for
leatherbacks have been estimated at 29.25-30.50°C in
Suriname and French Guiana (Mrosovsky et al. 1984;
Dutton et al., 1985, Godfrey et al., 1996, Chevalier et
al., 1999), in Malaysia (Chan and Liew 1995), and in
Costa Rica (Binckley ef al., 1998). The sand tempera-
tures at hatchery in Mubraidiba, may be within the
thermal tolerance of these sea turtle embryos, result-
ing in the high hatching success observed in
clutches; overall mean observed hatching success in
a clutch should hatchery Warbefor hatchery in 2015
was 83.2% (SD =9.4, range =56.0%-95.8%, n = 34)
and Mubraidiba hathery in 2016 was 88.1% (SD
=12.8, range =13.0%-98.3%, n = 73). Ideal sand tem-
peratures at both hatcheries could possibly be one of
the factors contributing to a higher probability of
egg survival. However, low hatching success was
observed in clutches of leatherback in 2016 even
though low hatching success is characteristic of
leatherbacks despite high fertility rates (Bell et al.
2003), and may result from a complex interaction
between egg position and its microenvironment
(Wallace et al., 2004).

Sexual differentiation in sea turtles is strongly
influenced by ambient incubation temperature or
TSD (Standora and Spotila, 1985, Mrosovsky, 1994).
Specifical]y, the sustained temperature to which the
embryo is exposed during the middle trimester of
incubation determines the eventual gonadal differ-
entiation and sex of the hatchling (Wibbels, 2003).
Overall mean sand temperatures at two blocks of
hatchery at Mubraidiba in 2016 were typically near
the pivotal temperature for sea tutles for the nesting
season in 2016 (Table 4). In addition, in the sampled
nest monitored with a datalogger, mean tempera-
tures of in situ nests during the middle third of incu-
bation (Figure 2) were above the pivotal tempera-
ture suggesting female-biased sex ratios. Thus, col-
lectively these results support the hypothesis that
female-biased sex ratios may predominate on the
hatchery of Mubraidiba. The female-biased sex ra-
tios were also observed in other nesting beaches at
Bird" s Head Seascape (Tapilatu and Tiwari, 2007,
Tapilatu 2014, Tapilatu and Ballamu, 2015). The re-
sult revealed the impact of metabolic heating on in-
cubation temperatures (Figure 2). Nest temperature
is determined by sand temperature and the amount
of metabolic heat from developing embryo
(Ackerman, 1997). During the initial portion of incu-
bation period, nest temperatures were similar to the
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Fig. 2. Sand and nest temperature in hatchery.

adjacent sand temperatures. Then the metabolic heat
production from the embryos begins to heat the nest
above the surrounding sand temperature by the
start of the final third of incubation, so that by the
time of hatching nest temperatures were 0.07-0.23°C
warmer than sand temperatures. An increase in nest
temperature above surrounding sand temperature
due to the metabolic heat produced by developing
embryos during late incubation is commonly re-
ported in sea turtle nests (Bustard 1972, Booth and
Astill 2001; Broderick et al., 2001, Godley et al., 2002).
However, the increase in nest temperatures due to
metabolic heating may not impact sex ratios since
sex is determined during the middle third of incuba-
tion (Yntema and Mrosovsky 1982, Merchant-Larios
et al., 1997, Wibbels, 2003).

In conclusion, an effective science-based manage-
ment plan that focuses on protecting eggs and sig-
nificantly increasing hatchling output on the nesting
beaches is a critical component in the recovery of
this species. The implementation of such a plan re-
quires the identification of major threats and how
those threats can be addressed both technically and
socio-economically. In Indonesia, national laws that
prohibit the poaching or killing of sea turtles and the
collection of eggs with the exception of green turtles

(Cheloniamydas) in specific areas. Further, some spe-
cies of sea turtles in Indonesia are also protected
under CITES laws banning any international trade
of the species, alive or dead (Sarti Martinez 2000,
Seminoff 2004, Abreu-Grobois and Plotkin 2007,
Mortimer and Donnelly 2010). Although laws are
already in place for the protection of sea turtles in
Indonesia, poaching continues to be an alternative
means for food resources and income. In the past,
extensive exploitation of eggs and individual sea
turtles was recorded at Bird’s Head Seascape
(Tapilatu ef al., 2017). Currently, egg harvest at north
coast of Manokwari is still occurring as indicated by
occasional egg collection. It was thought that the
conservation program in the north coast of
Manokwari through the effort of nest relocation may
have reduced the level of egg collection since 2015.
Poaching of eggs and individual sea turtles will
need to be minimized and even zeroed through an
effective outreach and awareness program. The Re-
search Center for Pacific Marine Resources
(RCPMR) at University of Papua (UNIPA) based in
Manokwari has set regular outreach and awareness
program at coastal villages in the north coast since
early 2015. The awareness in 2015 was combined
with the supervision of local conservation group
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based in Mubraidiba in relocation of threatened
nests. In addition, predation by domestic dog will
need to be controlled through the captivity to deter
animals from accessing nests on the beach. Finally,
involvement of the local people and community
group is crucial to the success and persistence of this
nesting population.
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