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Prologue

The green turtles are herbivorous sea turtle, which is the primary consumer. The
existence of primary consumer, which number is larger than the secondary consumer, is
crucial for the flourish of high-order consumer and is, therefore, ecologically important.
The global population of green turtle dramatically decreased from the 19" to 20h
century due to consumption. Green turtles were also used as food source during the
great expedition era since they survive on decks for a long time after being captured. It
is easy to imagine swimming or nesting sea turtles being caught as food source.

The human consumption and the green turtle population were well balanced until the
industrial revolution and monetized economy spread through the world. People shared
the green turtle meat and eggs amongst themselves. These traditions were also seen in
Nansei islands of Japan. However, the emergence of power-driven vessel chased and
fished green turtles for money. The global numbers of green turtles decreased.

Recently, green turtles are increasing world-wide due to prosecution of conservation
projects. However, those projects are created in developed countries, which are mostly
ecologically and economically irrelevant to sea turtles. Project teams warn people not to
consume, hunt, and dig-up eggs: Nansei islands were not an exception. Those actions
are actually bringing back the sea turtle population: however, excessive increase in
animal number may lead to serious environmental problems such as decrease in
seagrass beds and decline in fish catch.

The NPO association, Japanese Sea Turtle Association received a fund from Mitsui
Co. to search for green turtle “hot-spots”. We are planning to select the Nansei-islands
as the green turtle sanctuary and protect them from human hands. Green turtles are the

primary consumer. Maybe us humans, need to act as good secondary consumers.

Director of Sea Turtle Association of Japan
Naoki Kamezaki
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Hatchling heading towards the sea. Its life at the sea is about to begin.
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Chapter One: An Overview of the Green Turtle

Kazunari Kameda

Introduction

Anyone who has been scuba diving in Okinawa has probably seen a green turtle. The
green turtle moves its flipper like a bird, and is a graceful swimmer. They have small
head, big eyes, and streamlined carapace shape, and are said to be the most charismatic
of sea turtle species. Sea turtles are popular in aquariums and green turtle hatchlings are
the most loved by tourists.

The green turtle is one of seven sea turtle species. The Japanese name for green
turtles is ao-umigame but they are also referred to as asahigame, shogakubo, and
mijiga-mi. They inhabit warm coastal waters and encounter human beings more than
other sea turtle species. In Hawaii, green turtles are known to bask in the sun and
tourists often find sea turtles resting close to them. For those living in urban areas, green
turtles may only be seen at aquariums. However, they can be encountered often in some
regions of Japan. In Amami and Okinawa, green turtles can be seen from the shore and
., some live in harbors.
People living in the
Ogasawara Islands
=== consume green turtles as a
cultural cuisine. There are
divers and fishermen who
spot green turtles every
day. In this chapter, the
. behavior of the green
turtle and its life cycle

will be introduced.

TAIZHADFHA Juvenile green turtle
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Physical features

Sea turtles were once terrestrial reptiles and have since moved into the sea. Their
bodies have changed to adapt to the oceanic environment. Their phalanges grew longer
to form a paddle-like shape to swim faster in water. Sea turtles are able to escape by
swimming rather than withdrawing their body parts into their shell like their terrestrial
cousins. The buoyant forces supporting the weight of the body enabled sea turtles to
grow larger in water than on land. Sea turtles were also able to expand their habitats by
traveling throughout the ocean. Out of the seven species of sea turtle, the loggerhead
turtle, hawksbill turtle, leatherback turtle, and Kemp’s ridley turtle inhabit the sea
extensively around the world.

The green turtle is the second largest sea turtle: first being the leatherback turtle. A
green turtle with carapace length of 139 cm was seen on Ascension Island. Finding a
green turtle of this size is exceptional, but turtles coming ashore to nest are usually
larger than 1 m. Turtles draw back into its shell when threatened and it is difficult to
measure the total length. Therefore, carapace length is used to determine turtle size.

The head of green turtle is round and small since it is a herbivore and does not forage
on large prey. The mouth is similar to pliers, and is equipped with projecting teeth,
which help it to get a good grip on the food. Green turtles use this projection to grasp
and tear seaweed.

The shape of the green turtle’s carapace is an oval. In contrast, the shape of the
loggerhead and Kemp’s ridley carapace is similar to an inverted triangle. Digesting
vegetable matter takes more time than digesting animal matter. Therefore, the intestines
of herbivorous animals are longer than those of carnivorous animals. Since green turtles
are herbivorous, their intestines are longer than those of other sea turtle species and their
oval carapace shape is essential for storing long intestines.

Carapace colors vary among individuals. Many colors, such as dark red and black, are
found among green turtles with the same carapace size. Green turtle hatchlings are black,
and turn reddish around one year of age. Brown and black colors mix with red and the
majority of mature green turtles are black. Color rays that look like the rising sun can be
seen on the scale of juvenile green turtles; however, this pattern fades as green turtles

grow. Mature black turtles, found on the eastern side of Pacific Ocean, is similar to the
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green turtle but differs in color and in the shape of the carapace. Details of black turtles

will be introduced in chapter three.

TAIIFHADA, RUFDOEIBMMNGBY, BEECHOATERLENLIITEOTND

The mouth of green turtle is similar to pliers. Projecting teeth are aligned in alternating manner. This feature

helps green turtle get a tight hold of sea algae when foraging.

Nesting habits of the green turtle

Sea turtles adapted to oceanic environments and were able to extend their range,
however, turtle eggs are only able to hatch on land. Mother turtles still come ashore to
nest. Sea turtle nesting takes place at night when there are no signs of humans.
Therefore, it is difficult to observe nesting behavior. On the other hand, tracks left on
beaches by mother turtles can be seen in daylight. Turtle tracks are about one meter

wide and are similar to prints left by tractors. Green turtles move both of their front
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flippers at the same time, similar to the ‘butterfly stroke’ of human swimmers, and
tracks left by the right and left front flippers are parallel. Loggerhead turtles and
hawksbill turtles move their front flippers alternately like ‘free-style’ swimmers so their
tracks can be
distinguished from those
of green turtles. There is a
high possibility of finding
sea turtle nests if a pile of
sand 1.5 meter in diameter =
iIs found at the end of
turtle tracks. The sand pile
is a evidence that a mother

turtle covered her nest

e e e )

with sand to hide it from v
FAISHAD

predators. ?_féﬂwéﬂar Nesting ltrace of green turtle

Green turtle nesting takes place at night to avoid strong sunshine. The beach is
divided in to sand and sea side plant zone. . When mother turtles proceed inland, they
crawl on sand until they reach the area where seaside plants grow. They use their front
flippers to dig a hole and slightly bury their body in sand. This hole is referred to as a
‘body pit’ and remains as a hole one meter in diameter after nesting. After digging with
their front flippers, anterior flippers are used to dig a deeper hole. The depth of this hole
is about 60 cm and is used to lay eggs. In each nesting, about one hundred eggs are laid.
This hole is covered with sand using the anterior flippers, and the front flippers are used
to camouflage the nesting area. The nesting process takes an average of two to three
hours to complete.

Female sea turtles coming ashore to lay their eggs are extremely sensitive. They
return to the sea when danger is detected. Few of the sea turtle species cannot detect red
light. Therefore, some assume that red light can be used to search for all species of
nesting sea turtles. However, green turtles can see red light: when they are exposed, they

escape to the sea without nesting. Additional factors such as rocks and dry sand prevent
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sea turtles from laying eggs and on some occasions, sea turtles have been observed

traveling along the beach for hours without digging. This happens even when the beach

is suitable for nesting; however, the judge is from a human perspective.
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After spawning, green turtles cover eggs with sand before returning to the sea.

Life cycle

Summer is nesting season for green turtles. In Japan, the season starts from April
until September and the peak is in July. Green turtles lay about one hundred eggs in
each nesting. They nest about four times each year in a two-week cycle, in once every
three to four years. Female green turtles have a high probability of returning to the same
rookery. For example, if a mother turtle nests at Nishinohama beach on Kuroshima
Island on July 1%, it will be seen nesting again around July 15", August 1%, and August
15™ on the same beach. After a season of nesting, it is likely to return to Nishinohama
beach four years later, to spawn again in a two-week cycle. The nesting trend depends

on the rookeries. For example, green turtles return to Raine Island, Australia in an
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Turtle hatchlings crawl out of clutches and head to the sea in a group.
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average of every five years. Mother sea turtles bred in captivity nest almost every year.
Therefore, nesting trends may vary depending on seawater temperatures and nutrition.
Freshly laid eggs are about 4 cm in diameter and are light brown colored. Shells are
soft and often dented when laid. The light brown color gradually turns to white as they
dry from the top of the egg. The drying process usually takes about 10 days. The egg
can be turned when laid,;
however, if it is turned
upside-down after 24
hours, the embryo stops
developing. In about two
months, hatchlings crawl
out. Sex determination of
green turtles IS
temperature dependent. If

the clutch temperature is

lower than 29° C, male

turtles, while if over 29°

SMEBEBOTAIIHA, BLORSE 5 cnlEE

Baby green turtle just after hatching. The carapace length is about 5 cm, O 1€male turtles hatch.

Hatchlings have a
carapace length of about 5 cm. The upper shell is blackish, while the plastron is white.
Newly born hatchlings remain in the sand for the first few days. When sand
temperatures drop at night, hatchlings emerge from clutches and head towards the sea.
The altitude of the beach is higher in-land and gradually decreases towards the sea.
Under natural conditions, the ocean at night is brighter than the land. Land with
abundant seaside plants is especially dark. Sea turtle hatchlings descend the slope and
head towards the brighter sea. Once in the water, they swim against the waves towards
deeper water. Hatchlings gain ability to sense the magnetic field of the earth during their
first swim. Green turtles can keep their bearings even in pelagic waters by using this

internal body compass.
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Juvenile green turtle swimming in coastal water. Green turtles

change its habitat from pelagic water to shallow water as it grow.
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Hatchlings swim continuously for about 24 to 36 hours towards offshore waters. This
phenomenon is referred to as ‘frenzy’ and hatchlings swim without foraging. The frenzy
brings hatchlings offshore, out towards pelagic waters. Once in a pelagic stage, they are
rarely encountered. They will not be spotted again until they begin their demersal stage
as juvenile sea turtles with a carapace length of 35 to 40 cm. Young hatchlings are
assumed to be floating with drifting sea weeds, but evidence is scarce. Green turtles
inhabiting the Pacific Ocean begin their demersal stage when they reach a carapace size
of 35 cm, while Atlantic Ocean-inhabiting green turtles shift to their demersal stage
around a carapace size of 25 cm.

Demersal stage green turtles forage on seagrass and macroalgae. It takes about 20 to
40 years to grow to adult size. Once a carapace length of 80 cm to 90 cm has been
reached, they begin reproduction. Once male turtles mature, their claws bend inward
and their tails grow longer. Bent claws are used to cling to female turtles. Mating green
turtles are rarely observed and the details remain unclear. However, male turtles are
known to ride on the female back when coupling. They cannot swim during coupling so
they float at the surface and this goes on for a few hours. Couplings are observed at sea
near the rookery and it is hypothesized that male green turtles await females in the area
near the nesting site. Female sea turtles are known to return to the oceanic area close to
where they were born, but not necessarily the same beach. For example, green turtles
born in Hatsune beach return to beaches in Ogasawara Islands for nesting, but not
necessarily to the Hatsune beach. This mechanism of hatchlings returning to the same,
or nearby, rookery also remains unclear.

Green turtles have a foraging area separate from their rookeries. Mother turtles
sometimes travel a few thousand kilometers to their nesting beaches. They remain in the
nesting area during the nesting season; therefore, mother turtles are forced to starve if
there are no algae to forage on. After the nesting season, mothers swim the long
distance again to return to the foraging site.

The life span of green turtles is unknown. Loggerhead turtles, which are smaller than
green turtles, live for about 60 to 70 years. Therefore, green turtles may live slightly
longer. However, most sea turtles are thought to die from predation or human activities
before dying of old age.
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Coupling of green turtles. Male green turtle cling to the back of a female when mating.

Sea turtle predators

Eggs and hatchlings of green turtles are predated upon by many animals, such as
Ghost crabs, termites, sea birds, snakes, foxes, mongooses, weasels, and wild boars. Sea
turtle eggs are highly sought after by animals that inhabit beaches, where food sources
are scarce. Major predators in Japan include sand crabs species, the odd-tooth snake,
and the Ryukyu boar (Ryukyu is an traditional Japanese term for Okinawa).

Ghost crab species inhabit coastal areas of Japan. Their habitat overlaps with green
turtle rookeries, which may be the reason why they predate the most on sea turtle eggs.
Over 50 % of sea turtle nests are damaged, and many holes dug by ghost crabs are seen
near clutches at Southern Iriomote Island. Ghost crabs feast on eggs by breaking into
nests. They also catch sea turtle hatchlings, which are about the same size as themselves.
Meanwhile, even if ghost crabs dig holes on top of sea turtle clutches, they do not

always reach the eggs. Researchers in the Ogasawara Islands reported that ghost crabs
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Ryukyu boars feeding on sea turtle eggs. Islands are scarce in food source. Animals inhabiting in the area

develop surviving skills particular to island life.
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dig their holes on sites where humans dug, hinting that they choose sites that are easy to

dig and coincidently find sea turtle clutches.

There are also egg hunters specific to the Southern Nansei Islands: the odd-tooth

snake and the Ryukyu boar. The odd-tooth snake grows to about 1.5 meters long and is

known to harvest sea turtle eggs in the Yanbaru region of Okinawa, and Yagabi Island

%, FMEBHELIEZFHAERA TS

Odd-tooth snakes hunt sea turtles in many ways. Top picture: odd-tooth

snake digging in sand in search for eggs. Bottom picture: odd-tooth

snake hunting sea turtle hatchling
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and Kuba Island of the
Kerama Island  chain.
They hunt in many ways
such as break in to
clutches, wait  until
hatchlings crawl out of
nests, and search for
hatchlings worn out from
trying to reach the sea.
Odd-tooth snake prey on
both eggs and hatchlings
but the case of snake
predation is rare. Ryukyu
boars inhabit the southern
Amami Islands. Sea turtle
eggs are eaten in the
southern region of
Iriomote Island, north of
Ishigaki Island, and
regions in Uge and Yoron
Islands. Boars inhabit
broad regions of the
European continent;
however Ryukyu boars are
the only native boar
species known to eat sea
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turtle eggs. Boars are omnivorous, but feed mainly on plants. They are very cautious so
do not often appear in open areas. Therefore, Ryuku boars feeding on turtle eggs, which
can be found only in open beach area, are rare and specific case of boar species.
Odd-tooth snake and Ryukyu boar predation on sea turtle eggs may be a strategy to
survive in island environments with limit in food resources.

Sharks are predators of adult sea turtles, and tiger sharks are one of the main predator
species. Tiger sharks grow to over 4 meters long and sometimes attack humans. In the
Yaeyama region, sharks are hunted several times a year for extermination. Sea turtle
parts and even whole sea turtles are sometimes found in the stomachs of tiger sharks. In
addition, one out of twenty green turtles is found without a leg or parts of the carapace,
presumably because of tiger shark attacks.

Humans may be against the hunting of sea turtles, but there are many natural
predators of sea turtles. There are reports that fox inhabiting in a dry area of Oman feast
on sea turtle eggs and hatchlings to survive. Habitat of animal species predating on sea

turtles may also be an ideal habitat for sea turtles.

FEAREDIIHAENM, ENEERNEOTND
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Sea turtle rookery on Iriomote Island. Number of green turtle nest on this beach and

the eggs are hunted by egg-eating animals.
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