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EXECUTIVE SUMMARY

Malaysia has a long history of conserving marine turtles compared with other Southeast Asian
countries, dating to the 1950s. Most conservation efforts have focused mainly on protecting
turtles and eggs on nesting beaches. In recent years, conservation efforts have also focused on
protecting turtles at their foraging grounds.

Three species of marine turtles have been recorded to nest on the Turtle Islands, with majority
of nestings by green turtles (94%), followed by hawksbill turtles (6%). The nesting of olive ridley
turtles has been recorded rarely, with only five nests recorded in the last four decades. Sabah
TIP provides the highest nesting for green and hawksbill turtles in Malaysia. In fact, the nesting
of hawksbill turtles on Gulisaan Island was once considered the highest in Southeast Asia.

For this report, the long-term marine turtle landing and hatching data from TIP were analyzed.
Field sampling was also conducted to determine the predation of turtle eggs incubated at the
hatcheries in the park.

The nesting of green turtles in TIP shows increasing trends, with an increment of nests in the
late 1980s. In one breeding season, female green turtles in the park can lay one to nine
clutches, with interesting intervals of 11 days. Green turtles are the most abundant turtle
species in TIP (94%), with Selingaan providing the highest nesting (49%), followed by
Bakkungan Kecil (30%) and Gulisaan (21%). The mean size (curved carapace length or CCL) of
nesting green turtles in TIP is 98.57 £ 5.949 centimetres (cm), ranging from 76.0 cm to 118.5
cm. The nesting of green turtles occurs throughout the year, with peak months from May to
August. The mean remigration interval is 34 months (2.83 years). Residual analysis result
shows the age-to-maturity for female green turtles in TIP is 19 years. The number of green turtle
remigrants is higher compared with recruits. The number of green turtle recruits is constant. The
overall mean hatching success for green turtles in the park is 76%, ranging from 53% to 85%,
with about 16 million hatchlings released into the ocean.

The nesting of hawksbill turtles in TIP shows gradual decreasing trends. In one breeding
season, female hawksbill turtles in the park can lay one to five clutches, with a mean clutch size
of 119.49 + 32.71 (range of 39-200 eggs) and a mean interesting interval of 16 days. The
nesting of hawksbill turtles consists 6% of the overall marine turtle landing in TIP. The highest
nestings are on Gulisaan (78%), followed by Selingaan (14%) and Bakkungan Kecil (8%). The
nesting of hawksbill turtles occurs throughout the year, with peak months from February to April.
The mean nesting size (CCL) for hawksbill turtles in the park is 79.78 + 8.87 cm, ranging from
58.0 cm to 110.0 cm. The mean remigration interval is 22 months (1.83 years). The number of
hawksbill turtle remigrants and recruits shows decreasing trends on the three islands. The
overall mean hatching success for hawksbill turtles in TIP is 67%, ranging from 50% to 85%,
with about 1 million hatchlings released into the ocean.

Majority of unhatched eggs in all hatcheries in the park are complete eggs. This may be caused
by infertile eggs or improper handling, but further investigation is needed before conclusion can
be made.

The establishment of TIP under the management of Sabah Parks for four decades now has
given full protection for nesting turtles and their nesting grounds, as well as the surrounding
waters within the park boundaries. The conservation of marine turtles in TIP is one of the
longest in Malaysia, and Sabah Parks is recognized as one of the best agencies in Malaysia in
conducting marine turtle conservation. The long-term protection of marine turtles and their eggs
at nesting beaches is an effective and essential conservation strategy as it results in high
hatchling output.
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I INTRODUCTION

Turtle Islands Park (TIP) was established by the Government of Sabah, Malaysia, in 1977. The
park is located about 40 kilometers (km) from Sandakan, on the edge of the Malaysia-
Philippines border. It consists of three islands (Fig. 1.1): Selingaan, 8.1 hectares (ha);
Bakkungan Kecil, 8.5 ha; and Gulisaan, 1.6 ha. It covers approximately 1, 740 ha of mostly sea
and coral reefs with some patches of seagrasses (Isnain et al., 2016). In 1996, TIP joined forces
with the Philippine Turtle Conservation Project to form the world’s first transboundary marine
park, known as the Turtle Islands Heritage Protected Area (TIHPA). Encompassing TIP (three
islands) and the Philippine Turtle Islands Wildlife Sanctuary (TIWS) (six islands) covering an
area of 318,000 ha, TIHPA was gazetted to promote the conservation of marine turtles, coral
reefs, and fishing grounds and the ecologically sustainable employment of people living in the
area (Pilcher and Ali, 1999).

Figure 1.1: Map of TIP showing the three islands (Selingaan, Bakkungan Kecil, and
Gulisaan) and the park boundaries
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Marine turtle conservation in Sabah started in 1927, when the North Borneo British Company
administration gazetted Notifications 227 and 228, which prohibited the capture of turtles and
the collection of turtle shells in Kudat (Chan and Liew, 1997). Later, in 1933, exclusive licenses
were issued for Sandakan residents to collect turtle eggs from the nearby Turtle Islands,
consisting of the islands of Selingaan, Bakkungan Kecil, and Gulisaan. In 1966, the first turtle
hatchery was built on Selingaan Island. It was operated by the management of the Game
Warden, which later extended operations to the other two islands. The three islands,
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categorized at that time under the Games and Birds Sanctuary, were declared a national park in
1977 and later established as TIP (Chan and Liew, 1997).

For four decades now, the establishment of TIP under the management of Sabah Parks has
given full protection for nesting turtles and their nesting grounds, as well as the surrounding
waters within the park boundaries. Since the park’s establishment, all marine turtle nests have
been protected. Sabah Parks’ nesting data collections are among the longest or biggest in
Malaysia, with its tagging program initiated in 1970 (Isnain et al., 2016). Moreover, the green
turtles in TIP are the only nesting rookery that has shown a population recovery in Malaysia
(Chan, 2006). However, the hawksbill population in the park has steadily decreased despite
conservation measures (Chan, 2006).

The three islands of TIP are close to each other and considered part of a larger marine turtle
population, with nesting grounds extending to the Philippine Turtle Islands (Basintal and Lakim,
1994). Tagging and genetic studies have confirmed that TIP, the six Turtle Islands of the
Philippines, and a few other rookeries in Sulu Sea are from the same population (De Silva,
1986; Moritz et al., 2002; Dethmers et al., 2006). Exploitation of these marine turtles, whether at
their nesting rookeries (in TIP or the Philippine Turtle Islands) or at their foraging grounds, have
impacts on their overall population size.

The turtle management and conservation activities in TIP include enforcement, nightly beach
patrols, hatchery and hatchlings management, turtle tagging, visitor management, and data
collection (Isnain et al., 2016). The following is a summary of the activities (based on Isnain et
al., 2016):

a. Beach Patrols

Beach patrols are divided into two shifts. The first shift is from 8:00 pm to 1:00 am, while the
second shift is from 1:00 am to 6:00 am. Sabah Parks rangers and other staff work in shifts to
monitor, tag, and measure nesting turtles; record data; transfer all turtle eggs to the hatchery;
and collect and release hatchlings.

b. Hatchery and Hatchling Management

The hatchery program was established in 1966, while open beach hatchery was practiced until
the late 1980s. Research showed that open beach hatcheries only produce female hatchlings in
TIP (Tiwol and Cabanban, 2000). To overcome this problem, the hatcheries in the park are
partly shaded to produce hatchlings with balanced sex ratios (Fig. 1.2). Plastic netlon mesh has
replaced metal wire mesh for fences to improve the hatchlings’ in-printing process. Turtle eggs
in TIP are transplanted to the hatcheries immediately to increase the hatching success of nests,
and buried at a depth of 45 cm for hawksbill turtles and 75 cm for green turtles. To protect turtle
nests from predators as well as to contain hatchlings upon emergences, a plastic netlon mesh is
firmly placed around the nests (Fig. 1.3). Each nest is properly labelled with nest number, date
of nesting, turtle species, and number of eggs. Sabah Parks rangers and other staff regularly
check the emergence of hatchlings. All hatchlings collected are recorded and released (Fig. 1.4)
as soon as possible in various locations on the islands to avoid fish "feeding stations.”
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Figure 1.2: Hatcheries in TIP are partly shaded to produce turtle hatchlings
with balanced sex ratios
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Photo credit: J. Joseph

Figure 1.3: All nests transferred to the hatcheries are labelled and plastic netlon mesh
is firmly placed around each nest to protect it from predators and contain hatchlings
upon emergences

o

Photo credit: J. Joseph
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Figure 1.4: Hatchlings at the hatcheries are collected and released as soon as possible in
various locations on the islands to avoid fish “feeding stations”

Photo credit: J. Joseph
C. Tagging Program

The tagging program in TIP was started in 1970 (De Silva, 1986). At first, turtles were tagged on
their left front flipper using Monel tags. In 1999, Sabah Parks implemented double tagging
(applied on both front flippers) using Inconel tags to overcome the problem of tag loss (Isnain et
al., 2016).

Aside from conducting the marine turtle conservation project, Sabah Parks also opens the
islands for day visits, and Selingaan Island for the Turtle Watching Program. The program is
open throughout the year, but the number of visitors is limited to 50 per night. It follows strict
guidelines to minimize disturbance to nesting turtles. Visitors are charged conservation fees
(Table 1.1).

Table 1.1: Conservation Fees to Enter Sabah TIP in 2017

Criteria Malaysian Non-Malaysian
(Amount) (Amount)
18 years old and above RM 20.00 RM 60.00
Below 18 years old RM 10.00 RM 30.00
Diving fee RM 20.00 RM 50.00
Camera fee RM 10.00 RM 10.00

Source: Sabah Parks. RM = Malaysian ringgit; 4.24 RM = 1.00 US dollar

In recent years, the three islands of TIP, especially Gulisaan, have experienced severe erosion
problems (Fig 1.5). Aside from this, being on the edge of the border between Malaysia and the
Philippines, safety is also a main concern in the park. The Malaysian General Operations Force
(GOF) and Marine Police are placed on the three islands. However, in July 2015, the
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Government of Malaysia decided to withdraw the GOF from Gulisaan Island (Sabah Parks,
pers.comm.). Since then, no one is allowed to stay in Gulisaan, and Sabah Parks staff members
only collect and transfer all turtle eggs to Selingaan the next morning. Transferring the eggs the
next morning from Gulisaan to Selingaan (a boat ride of about 5-10 minutes) lowers the
hatching success of the eggs. But this is the best solution at the moment to avoid the poaching
of turtle eggs.

Figure 1.5: The remaining nesting beach on Gulisaan Island after a series of severe
erosions caused by natural factors. No one is allowed to stay in Gulisaan since July
2015. All turtle nests are now transferred to Selingaan Island the next morning

Photo was taken in May 2017. Photo Credit: J. Joseph.

A. Species Overview

Marine turtles are symbolic animals because of their migratory nature and endangerment (IUCN
2016). They conduct long-distance migrations (e.g. Bowen et al., 1995), have unique life cycles,
and, once mature, return to their natal beach to reproduce. The natal philopatry shapes the
genetic population differentiation of marine turtles. These marine reptiles are unique
components of complex ecological systems. Because they migrate thousands of kilometers
(km) and take decades to mature, turtles serve as important indicators of the health of coastal
and marine environments on both local and global scales (Frazier, 1999). In other words,
conserving sea turtles means protecting not only turtle populations but also the seas and
coastal areas they live in.

All species of marine turtles, except the Kemp’s ridley (Lepidochelys kempi), are found in
Southeast Asian waters. They nest in the region, except the flatback (Natator depressus)
(Limpus et al., 2001). The tropical waters of Southeast Asia support many nesting populations
and feeding assemblages, and are of global significance for sea turtle populations (Moritz et al.,
2002; Jensen et al., 2016). All species of marine turtles are considered important protected
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marine animals under the Convention on International Trade in Endangered Species of Wild
Fauna and Flora or CITES (Groombridge and Luxmoore, 1989).

Various factors are implicated in the decline of sea turtles globally. Marine turtles are long-lived,
have a low rate of reproductive success and a high rate of juvenile mortality, and, particularly
important, have a human-influenced mortality of adults. The major threats to marine turtles in
Southeast Asia include a continuous overexploitation of eggs and adults, getting caught as
bycatch in trawl and long-line fishing, habitat loss, environmental degradation, direct human
disturbances, and pollution. In Malaysia, only Sabah and Sarawak give full protection to marine
turtles, while the State Government in Peninsular Malaysia still permits the commercial sale of
marine turtle eggs (Sankar, 2016).

Four species of marine turtles have been recorded to nest in Malaysia: the green turtle
(Chelonia mydas), leatherback turtle (Dermochelys coriacea), hawksbill turtle (Eretmochelys
imbricata), and olive ridley turtle (Lepidochelys olivacea). Due to a long history of egg
exploitation, incidental capture in fishing gear, and harvesting of marine turtles in their foraging
grounds, these animals have experienced significant declines in population. The last recorded
nests of leatherback turtles in Rantau Abang, Terengganu, Malaysia, was in 2010, and no
nesting had been recorded ever since (Abdul Karim, 2016). The leatherback turtle is now
considered locally extinct, the olive ridley turtle is on the verge of extinction, while the green and
hawksbill turtles struggle to survive due to continued exploitation and anthropogenic threats in
Malaysia. Only the green turtles of the Sabah Turtle Islands show signs of population recovery,
after the Sabah State Government instituted strict conservation measures starting in the 1970s
(Chan, 2006). In 2016, the green turtles in Terengganu showed an early sign of population
recovery after the overall nesting doubled from the 1990s (Joseph, 2016).

Three species of marine turtles have been recorded to nest in TIP. About 94% of the nestings in
the park are by green turtles (Chelonia mydas), 6% by hawksbill turtles (Eretmochelys
imbricata), and very rarely (0.002%) by olive ridley turtles (Lepidochelys olivacea).

The scientific classifications of these marine turtle species are:

Kingdom: Animalia
Phylum: Chordata
Class: Reptilia
Order: Testudines
Family: Cheloniidae

Genus: Chelonia

Species: Mydas

Species Authority: (Linnaeus, 1758)
Common Name: Green turtle

Local Name: Penyu agar, Penyu hijau
Conservation Status by IUCN: Endangered
CITES: Appendix 1

Genus: Eretmochelys

Species: Imbricata

Species Authority: (Linnaeus, 1766)

Common Name: Hawksbill turtle

Local Name: Penyu karah, Penyu sisik
Conservation Status by IUCN: Critically Endangered
CITES: Appendix 1
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Genus: Lepidochelys

Species: Olivacea

Species Authority: (Eschscholtz, 1829)
Common Name: Olive ridley turtle

Local Name: Penyu lipas

Conservation Status by IUCN: Vulnerable
CITES: Appendix 1

1. Green Turtle

The green turtle (Fig. 1.6) has a circumglobal distribution, occurring throughout tropical and
subtropical waters. Analysis of historic and recent published accounts indicate extensive
subpopulation declines in all major ocean basins over the last three generations as a result of
overexploitation of eggs and adult females at nesting beaches and of juveniles and adults in
foraging areas, incidental mortality relating to marine fisheries, and degradation of marine and
nesting habitats (Seminoff, 2004).

Figure 1.6: The green turtle (Chelonia mydas) is the most abundant marine turtle species
nesting in TIP
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Photo credit: J. J
In Malaysia, green turtles can be found nesting in Sabah, Sarawak, Terengganu, Pahang,
Johor, Penang, and Perak. Like other green turtle populations elsewhere, the green turtles in
Malaysia conduct long-distance migrations from their nesting grounds to foraging grounds and
vice versa (e.g. Liew et al., 1995; Papi et al., 1995; Liew et al., 2000). Genetic studies have
proven that, once mature, the green turtles in Malaysia return to their natal beaches to
reproduce (Dethmers et al., 2006; Joseph, 2006; Jensen et al., 2016; Joseph & Nishizawa,
2016).

Green turtles spend most of their lives in foraging grounds but, once mature, return to their natal
beaches to breed. The primary diet of green turtles in foraging grounds consists of seagrass
and marine algae. In Malaysia, a few important foraging grounds have been identified (Chong,
2012). Genetic mixed stock analyses have shown that Brunei Bay is an important foraging
ground, especially for green turtles from TIP and other areas in Sulu Sea (Joseph et al., 2016).

2. Hawksbill Turtle

] COASTAL AND MARINE RESOURCES MANAGEMENT IN THE CORAL TRIANGLE: @
SOUTHEAST ASIA, INDONESIA, MALAYSIA, PHILIPPINES (TA 7813-REG)

WorldFish

------



FINAL REPORT: MARINE TURTLE LANDING, HATCHING, AND PREDATION IN TIP Page 15

The hawksbill turtle (Fig. 1.7) has a circumglobal distribution throughout tropical and subtropical
waters of the Atlantic, Indian, and Pacific oceans. Analysis of historic and recent published and
unpublished accounts indicate extensive subpopulation declines in all major ocean basins over
the last three generations (>80%) as a result of overexploitation of adult females and eggs at
nesting beaches, degradation of nesting habitats, catching of juveniles and adults in foraging
areas, incidental mortality relating to marine fisheries, and degradation of marine habitats
(Mortimer and Donnelly, 2008).

Figure 1.7: A hawksbill turtle (Eretmochelys imbricata) in TIP
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Photo credit: J. Joseph.

The only important remaining populations of hawksbill turtles in Southeast Asia are found in
Malaysia and Indonesia. In Malaysia, the major nesting beaches of hawksbill turtles are in
Sabah Turtle Islands (400 to 600 nests per year) and Melaka (200 to 300 nests per year).
Hawksbill turtles are also found nesting in Terengganu and Johor (10 to 50 nests per year).
Nesting in Indonesia is higher, with overall density of 1,000 to 2,000 nests per year (Chan,
2001). In general, nesting populations of hawksbills have declined in nearly every rookery in the
region.

Clear genetic differences have been observed between hawksbill turtles in TIP and in other
rookeries in Malaysia (Nishizawa et al., 2016). This is indicative of natal philopatry of hawksbill
turtles in the region. Mixed-stock analysis of hawksbill samples collected from foraging grounds
in Malaysia shows the presence of multiple haplotypes, suggesting that hawksbill turtles from
various rookeries contribute to foraging grounds in Malaysia (Nishizawa et al., 2016). Some of
the hawksbill turtle haplotypes detected in the foraging grounds in Tun Sakaran Marine Park
and Pulau Sipadan have been observed in the relatively proximate rookeries of Sulu Sea
(Nishizawa et al., 2016).

3. Olive Ridley Turtle

The olive ridley turtle has a circumtropical distribution, with nestings occurring throughout
tropical waters, except the Gulf of Mexico (IUCN, 2016). In Malaysia, olive ridley nestings are
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fragmentary, with nestings in Penang (< 10 nests per year) and Sarawak (< 5 nests per year).
This species is less studied in Malaysia compared with green and hawksbill turtles.

. METHODOLOGY

A. Data Collection

Sabah Parks collected the long-term data on marine turtle landings and hatchings in TIP. The
data it collected before 1979 were not included in the analysis because these were scattered
and incomplete. Field sampling to observe the conservation project and to determine predation
of turtle eggs in the park was conducted from 11 to 13 May 2017 (Fig. 2.1 and Fig. 2.2).

Figure 2.1: The nesting beach on Selingaan Island

Photo credit: J. Joseph.
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Figure 2.2: Excavation of hatched nests on Selingaan and Bakkungan Kecil to determine
why eggs failed to hatch

Photo credit: Sabah Parks.
B. Statistical Analysis

The long-term data on marine turtle nestings, eggs, and hatchings were presented in graphs.
Estimation of nesting trends in TIP and number of recruits (new mothers) were analyzed in a
generalized additive mixed model (GAMM), using the GAMM function of the mgcv R package
(Wood, 2006). Due to limited data available, certain data analysis could not be conducted.

Il. ANALYSIS OF MARINE TURTLE LANDINGS, HATCHINGS, AND PREDATION IN
SABAH TURTLE ISLANDS PARK

A total of three species of marine turtles were recorded nesting in TIP (Table 3.1). Majority of
the nestings (94%) were by green turtles, followed by hawksbill turtles (6%). Only five cases of
olive ridley nestings were recorded since 1979—two nests in 1986 and one nest in 1987 on
Selingaan, and one nest in 1994 and another nest in 2001 on Gulisaan.

Sabah Parks recorded more than 260,000 green turtle nestings from 1979 to 2016. From these
nestings, about 21 million eggs were incubated and about 16 million hatchlings were released
into the ocean (Table 3.2A). The range for the yearly mean hatching success was from 53 % to
85%. The highest nesting of green turtles was recorded on Selingaan (49%), followed by
Bakkungan Kecil (30%) and Gulisaan (21%).

For hawksbill turtles, more than 16,000 nestings were recorded from 1979 to 2016. From these
nestings, more than 1.5 million eggs were incubated (data from 1983 to 2016 only) and about 1
million hatchlings were released into the ocean (Table 3.2B). The range for the yearly mean
hatching success was 50% to 85%. The highest nesting of hawksbill turtles was recorded at
Gulisaan (78%), followed by Selingaan (14%) and Bakkungan Kecil (8%).
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Table 3.1: Summary of Marine Turtle Nestings, Number of Eggs Incubated, Number of
Hatchlings Released, and Mean Hatching Success (%) in TIP

Marine Turtle Species Number of Number of Number of Overall Mean
Nestings Eggs Incubated Hatchlings Hatching
Recorded (1983-2016) Released Success

(1979-2016) (1983-2016) (1983-2016)

Green Turtle 262,573 20,811,800 15,829,811 76%

(Chelonia Mydas)

Hawksbill Turtle 16,805 1,575,547 1,057,760 67%

(Eretmochelys

Imbricata)

Olive Ridley Turtle 5 No data No data No data

(Lepidochelys

Olivacea)

Total 279,383 22,387,347 16,887,571

Table 3.2: Summary of Marine Turtle Nestings, Number of Eggs Incubated, Number of
Hatchlings Released, and Mean Hatching Success (%) in TIP, by island, from 1979 to
2016. PGL = Selingaan Island, PBK = Bakkungan Island, PGL = Gulisaan Island

Table 3.2A: Green Turtle

Nesting Site Number of Number of Eggs Number of Mean Hatching
Nestings Incubated Hatchlings Success (%)
Recorded Released
PSL 128,500 (49%) 10,183,364 8,046,576 79
PBK 78,934 (30%) 6,271,192 4,780,908 76
PGL 55,139 (21%) 4,357,244 3,002,357 69
Combined (PSL, 262,573 20,811,800 15,829,841 76
PBK, and PGL)

Table 3.2B: Hawksbill Turtle

Nesting Site Number of Number of Eggs Number of Mean Hatching

Nestings Incubated Hatchlings Success (%)
Recorded Released

PSL 2,356 (14%) 224,752 171,363 76

PBK 1,271 (8%) 110,490 79,023 72

PGL 13,178 (78%) 1,240,305 807,374 65

Combined  (PSL, 16,805 1,575,547 1,057,760 67

PBK, and PGL)

A. Green Turtle
1. Nesting Trends

Nestings of green turtles in TIP from 1979 to 2016 ranged from 2,243 to 14,716 nests per year
(with mean + SD = 6909.82 + 3537.13). Figure 3.1 summarizes the green turtle nesting trends
in the three islands of TIP. Data from 1979 to 2016 show that the three islands exhibit
increasing nesting trends. The nesting trends are similar, although the level is different among
the islands. The graph for combined data clearly shows rising peaks.
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Figure 3.1: Number of green turtle nests recorded in TIP from 1979 to 2016. PSL =
Selingaan, PBK = Bakkungan Kecil, and PGL = Gulisaan (Data in Appendix 1)
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Figure 3.2 shows the average temporal dynamics (excluding the effect of the islands) using
GAMM. The nesting trend shows two peaks (1994-1996 and 2010-2012) and troughs (1984-
1986 and 2003-2004). Increment of nests in the late 1980s was observed. Cyclic peaks and
troughs may be related to maturity years of the green turtles in TIP. Individuals born in 1984—
1986 may have come back to lay their first eggs in TIP in 2010-2012.
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Figure 3.2: Nesting trends in the three islands of TIP based on the average temporal
dynamics analyzed using GAMM
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Residual analysis with autocorrelation was conducted. The second order is preferred (Fig. 3.3),
possibly indicating that one-year remigration is not common in the green turtle population in TIP.
The 19-year autocorrelation is slightly significant, a possible indication that the green turtles in
the park mature in approximately 19 years and return to TIP to lay their first eggs.
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Figure 3.3: Time plot of the standardized residual analysis with autocorrelation of green
turtles nesting in TIP
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2. Peak Nesting Season

Figure 3.4 presents the monthly nesting of green turtles in TIP from 1979 to 2016. Nestings
occur throughout the year. The peak months for green turtle nesting in the park are May to
August.
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Figure 3.4: Monthly nesting of green turtles in TIP from 1983 to 2016 (Data in Appendix 2)
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3. Number of Nesting Females

Tagging was started in TIP in the 1970s. However, in the early years, only single tagging was
implemented using Monel tags. In 1999, double tagging was started using Inconel tags (Isnain
et al., 2016).

For determination of individual nesting females, only tagging data from 2000 to 2016 could be—
and were—analyzed. A total of 119,299 individuals were double tagged from 2000 to 2016,
ranging from 3,576 to 13,725 individual green turtles per year (mean + SD = 7017.59 + 3055.36)
within the 17-year period.

Figure 3.5 shows the number of remigrants (nesting females tagged in previous years) and
recruits (nesting females first tagged in the current year; neophytes) in TIP. From 2000 to 2016,
a total of 80,949 remigrants (ranging from 1,989 to 10,262 individuals per year; mean + SD =
4661.71 + 2598.7) and a total of 38,350 recruits (ranging from 1,582 to 3,463 individuals per
year; mean + SD = 2555.88 + 519.27) were recorded. All islands showed the same trend in
number of nesting turtles, with more turtle remigrants than recruits.
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Figure 3.5: Number of green turtle remigrants and recruits in TIP from 2000 to 2016 (Data
in Appendix 3)
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Figure 3.6 presents the number of green turtle recruits in TIP. The number of green turtle
recruits seems to be stable. GAMM further analyzed the ratio of recruits (recruits / recruits +

remigrants) with the assumption of binomial distributions (Fig. 3.7).

Figure 3.8 shows different trends among the three islands, with all islands showing peaks and
troughs of the ratio. Peaks of the ratio correspond to troughs of the number of nests and vice
versa. This indicates that the number of green turtle recruits is relatively constant, and
fluctuation is due to the fluctuation of turtle remigrants.

Number of nests by recruits

Figure 3.6: Number of green turtle recruits in TIP (Data in Appendix 3)
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Figure 3.7: Ratio of recruits on the three islands of TIP (Data in Appendix 3)
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Figure 3.8: Nesting trends by green turtle recruits on the three islands of TIP analyzed

using GAMM
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4, Number of Eggs Incubated

Figure 3.9 shows the number of eggs incubated in TIP. The number of eggs incubated
correlates with the number of nests produced by green turtles in the park, meaning that if turtle
nests increased, the number of eggs incubated increased as well.
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Figure 3.9: Number of green turtle eggs incubated in TIP from 1979 to 2016
(Data in Appendix 1)
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B. Hawksbill Turtle
1. Nesting Trends

Nestings of hawksbill turtles in TIP from 1979 to 2016 ranged from 243 to 713 nests per year
(with mean = SD = 442.24 + 114.14). Figure 3.10 summarizes the hawksbill turtle nesting
trends in the three islands of TIP. Data from 1979 to 2016 show that the three islands exhibit
gradual decreasing trends. When this was further analyzed using GAMM (Fig. 3.11), a clear
gradual decreasing trend was shown for hawksbill turtle nestings in the park.

Figure 3.10: Number of hawksbill turtle nests recorded in TIP from 1979 to 2016. PSL =
Selingaan, PBK = Bakkungan Kecil, and PGL = Gulisaan (Data in Appendix 4)
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