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1.

Introduction

There are seven known species of sea turtles that inhabit the world’s oceans. They include
the leatherback, green, olive ridley, Kemp’s ridley, hawksbill, loggerhead and flatback turtle.
Sea turtles have remarkable life cycles which make them fascinating to both biologists and
wildlife enthusiasts. They are found in all major ocean basins, and typically inhabit tropical and
subtropical waters, although individuals are known to have been found in the colder waters of
the Arctic. Once they leave the beach as hatchlings, females will return to land only to nest; male
sea turtles never return to land at all. Most sea turtles undertake long distance migrations, as
hatchlings and juveniles, during a long pelagic phase in the open ocean, and as adults between
their feeding and breeding grounds. Loggerheads migrate over 12,000 km across the Pacific
from their developmental habitats in Baja California to their nesting grounds in Japan. Green
turtles migrate from their feeding grounds in Brazil to nest on Ascension Island, a speck in the
middle of the Atlantic Ocean. On the east coast of India, olive ridley turtles that nest in Orissa
are known to migrate to Sri Lanka and perhaps, beyond.
Most species of sea turtles are listed as threatened. Worldwide, sea turtle populations face
increasing threats that need to be addressed through appropriate research and conservation
measures. There are a number of international, regional and national laws and regulations that
offer protection to sea turtles; however, inadequate implementation and growing conflict of
interest from coastal development and expansion of the fishing industry have continued to take
a toll on the species. Their global distribution and utilisation of diverse habitats makes them
ideal flagships of the ocean, nearshore and coastal ecosystems.
1.1. An introduction to evolution and biology of sea turtles
Sea turtles belong to the Class Reptilia and Order Testudines. The seven species of living sea
turtles are a monophyletic group (derived from a common ancestor that has not given rise to
other living turtles) of the suborder Cryptodira. Fossil records indicate that turtles first appeared
on land about 200 million years ago. Sea turtles are believed to have originated in the lower
Mesozoic era and evolved from land-based turtles. During the late Cretaceous period (about 65
million years ago), four distinct families of sea turtles are believed to have existed, of which two
families survived into the current era: Dermochelyidae and Cheloniidae.
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Anatomy of sea turtles
External morphological structures are important while identifying sea turtle species.
The illustrations below depict easily identifiable morphological structures and taxonomic
characters of sea turtles. These are useful terms to know while using the identification key and
plates provided on pages 7-19 of this manual. The detailed anatomy of sea turtles is available
in Wyneken (2001); a pdf of this publication is available online at: http://courses.science.fau.
edu/~jwyneken/sta/SeaTurtleAnatomy_Introduction_and_Terminology.pdf.
Cheloniidae (hard-shelled sea turtles) are characterised by the scales on the head, carapace,
and inframarginal scute patterns and numbers, as well as the numbers of claws on the flippers.
The prefrontal set of scales are used in species identification. Leatherbacks have five dorsal
ridges that run along the length of the carapace. They lack both distinctive head scales as adults
and have minimal keratin covering on the jaws.
The primary scutes used as key characteristics are the marginals, laterals (costals), vertebrals,
nuchal, and the inframarginal or bridge scutes. The plastron (bottom shell) also has distinct
scute patterns. From anterior to posterior, they include: the intergular, gular, humeral, pectoral,
abdominal, femoral and the anal scutes.
Adaptations
Sea turtles are distributed mostly in tropical and subtropical waters of the world’s oceans and
they depend on land only for reproduction. They are air breathing vertebrates like birds and
mammals but have returned to a near complete life in the water. They are considered highly
derived morphologically and have many adaptations for life in the sea.
Swimming: All species share features such as paddle-shaped limbs and a streamlined shape
with an enlarged shoulder girdle and well-developed pectoral muscles which aid in swimming.
Sea turtles are also excellent divers. Leatherbacks routinely dive to depths exceeding 1,000 feet
in search of jellyfish. During long dives, blood is shunted away from tissues tolerant of low
oxygen levels toward the heart, brain, and central nervous system. Unlike other cryptodires, sea
turtles have a reduced ability to retract their heads; the shell adaptations necessary for retractile
limbs would impede rapid swimming.
Respiration and metabolism: Sea turtles are known to have a reduced metabolic rate which
allows them to stay underwater for long periods of time before needing to resurface to breathe.
They are also equipped with enlarged lacrimal or tear glands modified to remove excess salt
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from body fluids. They are able to live in seawater without the need for a freshwater source as
they can obtain sufficient water from their diet and from metabolising seawater.
Thermoregulation: A sea turtle’s large size leads to a low surface area to volume ratio, so the heat
exchange rate is low compared to total size. The thermoregulatory adaptations of leatherback
turtles in particular, such as a counter-current heat exchange system, high oil content, and large
body size, allow them to maintain a core body temperature higher than that of the surrounding
water (up to 18°C above their surroundings), thereby allowing them to tolerate colder water
temperatures.
Navigation: A wide range of theories have been suggested to account for the ability of some sea
turtles to migrate in the open ocean between feeding and nesting grounds sometimes separated
by thousands of kilometers. There is now evidence that when hatchlings emerge, they are
“imprinted” on the earth’s geomagnetic field. Using their ability to differentiate magnetic field
intensities and inclination angles, they are able to migrate back to their natal beaches as adults.
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Bottom: Schematic ventral view of a sea turtle

1.2. Life history of sea turtles
Reproduction
Males and females begin the reproductive cycle by migrating from their feeding grounds
to breeding grounds. Feeding and breeding grounds may be separated by several thousand
kilometers. Courtship and mating occur primarily in the offshore waters of the breeding
ground; the male mounts the female, holding her with claws in his fore flipper and proceeds to
mate. Both males and females may mate with several different individuals.
Nesting
Several weeks after mating, the females come ashore to nest, mostly at night. They crawl above
the high water mark, find a suitable nesting site, clear away the surface sand (making a body
pit), and dig out a flask shaped nest with their hind flippers. This may be two to three feet deep
depending on the size of the turtle. They lay about 100 – 150 eggs in the nest and fill it with sand;
some species thump the nest with their body to compact the nest. Once the turtle starts laying
eggs, they go into a ‘nesting trance’ and are less easily disturbed during this stage. They then
throw sand around the nest to camouflage it and return to the sea. Beach selection is affected by
accessibility of the beach as well as height and substrate. Different turtles prefer different types
of beaches to nest. For example, olive ridleys and leatherbacks prefer wide beaches and sand bars
at river mouths, while hawksbills and green turtles prefer small island beaches. Most turtles nest
more than once during a season, with roughly two weeks separating each nesting event.
After they have completed nesting, they return to their feeding grounds until the next breeding
migration, which may be a year or several years later.
Philopatry: Sea turtles usually travel 100s to 1,000s of kilometres from feeding to breeding
grounds. It has long been believed that sea turtles return to their natal beach (the beach
where they were born) or group of beaches to lay eggs as adults. Recent genetic studies have
substantiated this; some species (like green turtles) show greater precision in natal homing than
others (like leatherbacks and olive ridleys).
Nest site fidelity: Most turtles lay all their clutches within the same general area (0 to 10 km)
during the nesting season. In some cases, such as with olive ridley turtles in Orissa, they may
travel larger distances (a few 100 km) for re-nesting. Some leatherbacks have nested on beaches
separated by more than 700 km.
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Emergence of hatchlings
Hatchlings develop in their nest over a period of 7 to 10 weeks. They hatch simultaneously over
a period of a few days and then emerge from the nest together (to swamp predators) usually at
night. Predators include crabs, birds, jackals, feral dogs, and many fish once they are in the sea.
Hatchling emergence is nocturnal to avoid predators and sunlight. Sea finding is visual; the
hatchlings seek a ‘brighter horizon’ which is usually the moon or starlight reflecting off the
surface of the sea. They also use silhouettes of sand dunes and trees to orient themselves away
from land and towards the sea. As soon as they enter the sea, they orient themselves to wave
direction and start to swim against it. During this time, they also get imprinted on the earth’s
geomagnetic field. Hatchlings and adults are sensitive to both magnetic field intensity and
magnetic inclination angle, and therefore have a compass sense that enables them to migrate
to their natal beaches as adults. Less than one in a thousand hatchlings is believed to survive to
adulthood.
Temperature dependent sex determination: The sex of a hatchling is determined by incubation
(nest) temperature. Lower temperatures produce males, higher temperatures produce females.
The pivotal temperature (i.e. the temperature that produces equal numbers of males and females)
varies among species and populations, but is usually around 28–32°C. The sex of the hatchling
is determined during the second trimester of development. Sex ratios are likely to vary over the
course of a nesting season and also between nesting beaches. Influences on nest temperature
(e.g. rise in temperature from impacts of climate change) can result in skewed sex ratios – more
males than females or vice versa – which can lower the potential for reproduction.
Development of hatchlings
Once in the sea, hatchlings spend the first few days of their lives in a ‘swimming frenzy’ when
they use stored energy reserves to get into the open sea. Beyond this, they spend many years in
a variety of juvenile habitats until they join other adults at feeding areas.
The lost year and beyond
Young turtles spend their lives in a variety of foraging habitats. The hatchlings are usually
carried on trans-oceanic gyres and currents. Sargassum driftlines (seaweed rafts) and FADs
(fish aggregating devices) have been found to be particularly important. Convergence fronts
have also been found to be important foraging habitats for juveniles. Loggerheads are known to
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make trans-Pacific journeys (southern California to Japan) in the course of their development.
For very long, this pelagic phase of their life was a complete mystery to biologists and was known
as the ‘lost year’. The juveniles and sub adults of some species spend many years in near- shore
developmental habitats after the pelagic stage. Development to maturity may take 10 to 15 years
in most turtles and maybe 30 years or more in the herbivorous green turtles. Once they have
reached sexual maturity, these turtles will migrate to their breeding grounds during the mating
season to breed.

Adult feeding grounds: Adult turtles remain in their feeding
areas until they have accumulated sufficient energy reserves
to migrate to breeding areas for reproduction. Adult males and
females migrate to breeding areas to mate and, in the case of
females, to nest.

Shallow water developmental habitats for
juveniles: The juveniles and sub-adults of
some species spend many years in near-shore
developmental habitats after the pelagic stage.

Development to maturity may take 10 to 15 years
in most turtles and maybe 30 years or more in the
herbivorous green turtles.

The lost year and beyond: Hatchlings drift and feed in seaweed
rafts and fish aggregating devices. They spend many years
drifting on gyres and currents across the ocean.

LIFE HISTORY OF SEA TURTLES

Breeding migrations: Breeding migrations can range from
hundreds to thousands of kilometers. For example, green
turtles that feed in Brazil nest on Ascension Island, 2,000 km
away.

Sea finding in hatchlings: Hatchlings find the sea using visual
cues Many hatchlings are predated even before they reach the
sea. Once in the water, hatchlings orient to wave direction.
They swim continuously in a ‘juvenile frenzy’ for the first few
days, which enables them to reach the open sea. They also
imprint to geomagnetic cues.

Reproduction and nesting: Courtship and mating occur in the offshore waters of the
breeding ground. Within a few weeks of mating, females come ashore to lay eggs.
Depending on the species, female turtles lay between two and seven nests in a single
season. Once nesting is completed, females migrate back to their feeding areas.

Incubation and emergence of hatchlings: Hatchlings emerge
after 50-70 days of incubation. Incubation is regulated by
metabolic heat and the heat of the sun. Sex is determined by
incubation temperature; higher temperatures produce females.
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1.3. Identification of sea turtles
1.3.1. Identification of adults and hatchlings
Only five species of sea turtles are known to occur in Indian waters. Identification therefore,
is fairly straightforward. The distribution of nesting and feeding grounds of sea turtle species
can also be a good aid to identification (see distribution on page 17). If a turtle or a carapace is
seen, it can be identified from the features specified in the identification key. Carapace lengths,
number of costal scutes and number of prefrontal scales are critical to the identification of the
species. The shape of the central or vertebral scutes also provides clues to the identification of the
species. In loggerheads and ridleys, these scutes are narrow, and hence the first costal (lateral)
scute comes into contact with the nuchal scute. In green and hawksbill turtles, the vertebrals
are rhomboid, and the first costal does not touch the nuchal scute. In case of doubt, a clear
photograph of carapace and head should be taken.
Hatchlings can be identified using the same characteristics as adults (number of costal scutes,
etc.) but one needs to be careful since coloration can vary considerably.
1.3.2. Identification of tracks and nests
Even though sea turtles can be identified by their tracks, this can be difficult even for experts,
particularly with loggerheads, hawksbills and ridleys. Tracks can vary between populations
and even between individual animals, and hence it is essential for field personnel to observe
nesting turtles and note the characteristics of their tracks. Important features of a track are
its width, body pit (see Page 34 for a detailed description), and symmetry. Track identification
should be confirmed by checking for remains of hatchlings, egg shell sizes, and other, more
concrete evidence. While loggerheads, hawksbills and ridleys make shallow body pits, green and
leatherback turtles make large deep body pits. A symmetrical track is formed when the front
flippers of the turtle move synchronously to pull the turtle forward (e.g. leatherbacks), while
an asymmetrical track is formed when the front flippers move alternately (e.g. olive ridleys).
Sometimes other animals (crocodiles, monitor lizards) leave tracks on the beach as well, but
these can be easily distinguished by the pattern and size of the tracks.
If the hatching season has started, one must also be alert for hatchling tracks, which are,
of course, small, but usually numerous as the hatchlings would have emerged and crawled to
the sea simultaneously. One can follow hatchling tracks to a nest, which can be uncovered to
examine nest contents and estimate hatching success.
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Leatherback turtle: dorsal (left) and ventral (right) view

Common name: Leatherback turtle
Scientific name: Dermochelys coriacea
Distribution: All oceans, sub-arctic to tropical waters
Nests on: Tropical beaches
Beach type: Wide beaches with steep slope, rock free deep water approach. In India, nests in
the Andaman and Nicobar islands mainly. Main nesting sites are Galathea on the east coast and
several beaches on the west coast of Great Nicobar, Little Nicobar and Little Andaman Islands.
Weight (adult): 500 kg +
Carapace length: 140 – 170 cm
Carapace shape: Elongate and tapering with seven prominent dorsal ridges;
scutes always absent.
Colouration: Mostly black with white spotting;
pink or bluish pots on base of neck and flippers.
Costal scutes: Absent
Head shape: Triangular; two maxillary cusps (tooth-like notch on either side of upper jaw).
Prefrontal scales: None
Limbs: Forelimbs extremely long
Plastron: Relatively small and distensible with 5 longitudinal ridges.
Time of nesting: Night
Clutches per season: 4 – 6
Clutch size: 80 – 100
Egg size: ~ 5 cm in diameter
Re-nesting interval: 9 – 10 days
Re-migration interval: 2 – 3 years
Track: 150 – 200 cm wide, deep and broad, with symmetrical diagonal marks
made by forelimbs, usually with a deep median groove from the long tail.
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Clockwise from top-left: An adult leatherback; An adult leatherback’s tracks; Adult leatherback head (detailed
illlustration) profile and dorsal view; Leatherback hatchling
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Green turtle: dorsal (left) and ventral (right) view

Common name: Green turtle
Scientific name: Chelonia mydas
Distribution: Tropical and subtropical waters
Nests on: Tropical beaches worldwide, mainland and remote islands.
Beach type: Large, open beaches to small cove beaches. Mainly Gujarat on the mainland,
and beaches in the Lakshadweep and Andaman Islands.
Weight (adult): 250 kg
Carapace length: 90 – 120 cm
Carapace shape: Broadly oval; margin scalloped but not serrated.
Colouration: Brown with radiating streaks in juveniles, variable in adults.
Costal scutes: 4 pairs
Head shape: Anteriorly rounded
Prefrontal scales: 1 pair
Limbs: Single claw on each flipper
Plastron: White in hatchlings, yellowish in adults
Other features: Vertebrals (centrals) large, so that first costal does not contact nuchal scute.
Time of nesting: Night
Clutches per season: 4 – 6
Clutch size: 100 – 120
Egg size: ~ 4.5 cm in diameter
Re-nesting interval: 10 – 14 days
Re-migration interval: 3 – 5 years
Track: 100 – 130 cm wide, deep, with symmetrical diagonal marks made by forelimbs,
tail drag solid or broken line.
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Clockwise from top-left: An adult green; An adult green’s tracks; Adult green head (detailed illlustration) profile
and dorsal view; Green hatchling
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Hawksbill turtle: dorsal (left) and ventral (right) view

Common name: Hawksbill turtle
Scientific name: Eretmochelys imbricate
Distribution: Tropical waters worldwide
Nests on: Tropical beaches worldwide, mainly remote islands.
Beach type: Narrow beaches on islands or mainland shores, with reefs obstructing offshore
approach. Lakshadweep, Andamans, and few beaches in Nicobar such as Indira Point in
Great Nicobar. Hawksbills often nest under overhanging vegetation (unlike ridleys which
nest in open areas).
Weight (adult): 150 kg
Carapace length: 80 – 100 cm
Carapace shape: Oval, strongly serrated posterior margin, thick imbricate scutes.
Colouration: Brown, boldly marked with amber and brown variegations.
Costal scutes: 4 pairs (ragged posterior border)
Head shape: Narrow, straight bird like beak
Prefrontal scales: 2 pairs
Limbs: Two claws on each flipper
Plastron: Light yellow to white
Other features: Vertebrals (centrals) large, so that first costal does not contact nuchal scute.
Time of nesting: Night/Day
Clutches per season: 3 – 5
Clutch size: 120 – 150 (up to 180)
Egg size: ~ 3.5 cm in diameter
Re-nesting interval: 12 – 14 days
Re-migration interval: 2 – 5 years
Track: 70 – 85 cm wide, shallow, with asymmetrical (alternating) oblique marks made by
forelimbs, tail marks present or absent. Often hard to distinguish from tracks of ridleys, but
the two species nest in very different beach types.
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Clockwise from top-left: An adult hawksbill; An adult hawksbill’s tracks; Adult hawksbill head (detailed
illlustration) profile and dorsal view; Hawksbill hatchling
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Loggerhead turtle: dorsal (left) and ventral (right) view

Common name: Loggerhead turtle
Scientific name: Caretta caretta
Distribution: Tropical waters worldwide
Nests on: Temperate, sometimes subtropical and tropical waters.
Beach type: Extensive mainland beaches or barrier islands.
Not known to nest in India, but does nest in Sri Lanka.
Weight (adult): 200 kg
Carapace length: 80 – 100 cm
Carapace shape: Moderately broad, lightly serrated posterior margin in immatures,
thickened area of carapace at base of 5th vertebral in adults.
Colouration: Generally unmarked reddish brown in subadults and adults.
Costal scutes: 5 pairs
Head shape: Large and broadly triangular
Prefrontal scales: 2 pairs
Limbs: Two claws on each flipper
Plastron: Yellow to orange
Other features: Vertebrals (centrals) narrow, so that first costal contacts nuchal scute.
Time of nesting: Night
Clutches per season: 3 – 5
Clutch size: 100 – 120
Egg size: ~ 4 cm in diameter
Re-nesting interval: 12 – 16 days
Re-migration interval: 2 – 3 years
Track: 70 – 90 cm wide, moderately deep, with asymmetrical diagonal marks
made by forelimbs, tail drag mark usually absent.
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Clockwise from top-left: An adult loggerhead; An adult loggerhead’s tracks; Adult loggerhead head (detailed
illlustration) profile and dorsal view; Loggerhead hatchling
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Olive ridley turtle: dorsal (left) and ventral (right) view

Common name: Olive ridley turtle
Scientific name: Lepidochelys olivacea
Distribution: Tropical waters worldwide
Nests on: Tropical beaches worldwide
Beach type: Tropical mainland shores and barrier islands, often near river mouths.
Throughout mainland; also Andaman and Nicobar
and to a lesser extent, Lakshadweep Islands.
Weight (adult): 50 kg
Carapace length: 60 – 70 cm
Carapace shape: Short and wide, carapace smooth but elevated, tectiform (tent-shaped).
Colouration: Mid to dark olive green
Costal scutes: 5 – 9 pairs asymmetrical
Head shape: Large, triangular
Prefrontal scales: 2 pairs
Limbs: Two claws on each flipper
Plastron: Pore near rear margin of infra marginals; creamy yellow
Other features: Vertebrals (centrals) narrow, so that first costal contacts nuchal scute.
Time of nesting: Night
Clutches per season: 1 – 3
Clutch size: 100 – 120
Egg size: ~ 4 cm in diameter
Re-nesting interval: 20 – 28 days
Re-migration interval: 1 – 2 years
Track: 70 – 80 cm wide, light, with asymmetrical, oblique marks
made by forelimbs, tail drag mark lacking or inconspicuous.
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Clockwise from top-left: An adult olive ridley; An adult olive ridley’s tracks; Adult olive ridley head (detailed
illlustration) profile and dorsal view; Olive ridley hatchlings
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1.3.4. Other sea turtles of the world
The Kemp’s ridley (Lepidochelys kempii)
turtle is also known as the Atlantic ridley turtle
and is found in the Atlantic Ocean and the Gulf
of Mexico. Adults weigh about 50 kg and are
about 60 – 90 cm in length and closely resemble
olive ridleys. Females nest during the day and
lay between 1 and 3 clutches per season. The renesting interval for the species is 17 – 30 days
and the re-migration interval is 1 – 2 years.

The Australian flatback (Natator depressus)
is endemic to the continental shelf of Australia
and is so called because of its flattened carapace.
Adults weigh about 200 kg. Females nest during
the night and day and can lay between 2 and
4 clutches per season, each of a clutch size of
about 50 – 60 eggs. The re-nesting interval for
the species is 13 – 18 days and the re-migration
interval is about 3 years.

The east pacific green turtle or black turtle,
which is found in the East Pacific Ocean, is
considered as a separate species (Chelonia
agassizii) by a few turtle biologists but genetic
studies indicate that it is a part of the Pacific
green turtle population. Adults weigh about 70
kg (and up to 120 kg). Females nest during the
night and lay between 1 and 3 clutches per season
each consisting of 75 – 85 eggs. The re-nesting
interval for the species is 17 – 30 days and the
re-migration interval is 1 – 2 years.
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1.4. Sea turtle distribution in India
Five species of sea turtles, namely the olive ridley (Lepidochelys olivacea), green (Chelonia
mydas), leatherback (Dermochelys coriacea), hawksbill (Eretmochelys imbricata) and loggerhead
(Caretta caretta), occur in the Indian coastal waters of the Bay of Bengal and Arabian Sea. All
species except the loggerhead nest on the mainland coast and islands. The olive ridley nests on
both coasts (primarily the east coast) and Andaman and Nicobar Islands. The green turtle nests
in Gujarat, Lakshadweep and the Andaman and Nicobar Islands, the hawksbill in Lakshadweep
and Andaman and Nicobar Islands and the leatherback in the Andaman and Nicobar Islands. In
addition, practically all coastal states have sporadic nesting beaches and offshore congregation
zones for sea turtles. Olive ridleys and leatherbacks, and hawksbills and greens often share
nesting beaches in the Andaman and Nicobar Islands. Loggerheads are rare in India and known
from very few records, mainly in southern Tamil Nadu. All five species nest in Sri Lanka.

Gujarat

West Bengal

Maharashtra

Orissa

Goa

Andhra Pradesh

Karnataka

Andaman & Nicobar

Kerala

Tamil Nadu

Lakshadweep Islands
State-wise distribution of sea turtle nesting sites along the Indian coast
Olive ridley
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Green

Leatherback

Hawksbill

Olive ridley mass nesting site

2. Sea turtles and their nesting habitats in Maharashtra
The coastline of Maharashtra covers about 720 km, spanning five coastal districts—
Sindhudurg, Ratnagiri, Raigad, Thane and the urban area of Mumbai. Four species of sea turtles,
namely olive ridleys, green turtles, leatherbacks and hawksbills are known to occur along the
Maharashtra coast. Of these, the olive ridley is the most common species, and the only one to
nest on the coast of Maharashtra. The nesting season commences in December and extends till
March. The beaches of Vetye and Ambolgad in Ratnagiri district, Hareshwar and Kashid-Sarva
in Raigad district, and the stretch between Achara and Shiroda in Sindhudurg district have been
identified as important nesting sites for olive ridleys.

Map of nesting sites in Maharashtra
Threats to sea turtles and nesting habitats in Maharashtra
Development along the coast, especially around Mumbai, is a major threat to sea turtles.
Construction of buildings, seaside illumination and industrial and sewage effluents have
significantly degraded the habitat. Sea turtles are also captured as bycatch in fisheries, and
although they are released subsequently, trauma and injuries caused during such incidents can
lead to mortality. Such dead turtles are then consumed or sold. Poaching of eggs as well as adults
is known to occur Ratnagiri and Sindhudurg.
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In order to address these threats, it is necessary to design and implement conservation
programmes that mitigate or minimize their impacts. Periodic monitoring of these beaches
(for a period of at least five years) will help understand sea turtle population trends. Studies
on feeding populations, habitat use, migration patterns, mortality due to incidental catch, and
impact of developmental activities and biotic pressures on nesting beaches are also important.
Providing proper training to deep-sea fishers with simple data sheets in the local language can
generate an enormous amount of information on offshore populations. Data thus acquired with
the participation of various stakeholders can feed into a database on sea turtle populations.
Hatchery management is a common practice where there are severe threats to eggs and
hatchlings. Establishment of hatcheries at key nesting sites will provide additional protection to
nests and hatchlings. Hatcheries can also act as centres to train the local community and involve
them in conservation programmes. Education programmes in local schools and for the wider
public will greatly help raise awareness about sea turtles and their conservation. Ecotourism can
also help promote such awareness and conservation, as seen in the case of the Kasav Mahotsav
(Turtle Festival) held at Velas by Sahyadri Nisarga Mitra.
The industrial sector, Port Authority, Maritime Board, Pollution Control Board, State Fisheries
Department, Customs, Border Security Force (Water Wing), Indian Navy and Coast Guard are
high level stakeholders who can help safeguard the coastal and marine environment through:
•

Control of development in active nesting and feeding areas along the coast

•

Regulation of vessel movements and fishing activities

•

Control and monitoring of pollution

•

Help in providing financial and infrastructural facilities for research and conservation   

Nesting habitats can be protected by strict vigilance and patrolling by the State Forest
Department with the help of local villagers. The Coast Guard and Indian Navy can be involved
in monitoring and regulating the fishing trawls, cleaning of liquid cargo (oil and petroleum
products) vessels and accidental spillage of oil in the offshore waters. A regular pollution and
environmental monitoring survey (both offshore and onshore) can be instituted as a joint
venture of the State Forest Department and Pollution Control Board. The loading and unloading
of oil and other products in the port area needs to be strictly monitored by the Port Authorities
and Maritime Board.
Source: Giri, V., and Chaturvedi, N. 2006. Sea turtles of Maharashtra and Goa. In: Marine
turtles of the Indian subcontinent (Eds. Shanker, K. & B.C. Choudhury). Pp 156–159. Hyderabad:
Universities Press (India) Private Ltd.
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3. Beach and hatchery management programmes
3.1. Designing a conservation programme
Prior to initiating a conservation programme, the threats to populations and habitats have
to be assessed. Conservation actions will depend on the nature and intensity of these threats.
One must keep track of habitat quality and population trends to evaluate the success of the
programme.
Sea turtle conservation programmes must include the following components:
Population size and trends: It is important to accurately determine whether populations are
increasing or decreasing or stable. Hence, even if the main focus of a programme is conservation
education, it is essential to keep records of details like the number of nests laid on a particular
beach each season.
Assessment of habitat: The nesting habitat should be assessed periodically to evaluate threats
such as sand mining, beach armouring and lighting.
Sources of mortality: These will essentially determine the main/priority actions to be taken
towards conservation. For example, if the main threat is from fishery related mortality,
conservation action will need to be directed towards reducing this by implementing no-fishing
zones or the use of Turtle Excluder Devices for trawlers.
Involving local communities: It has become increasingly clear that successful conservation
programmes need to involve local communities, i.e. the people who are most directly in contact
with the animals in question. This involves:
•

Identification of stakeholders

•

Promoting bottom-up as against top-down management

•

Integration of communities into conservation programmes

•

Development of socio-economic alternatives for local communities

Most importantly, the communities must play a major role in the identification and
development of alternatives, and participate in decisions about the use and conservation of their
resources.
Research and data management: Basic research often provides useful insights into the biology
of a species, which can have important implications for conservation. Data should be collected
23

systematically on nesting season, abundance (number of nests / beach / season), adult mortality
(source and magnitude), clutch sizes and hatching success in situ and in the hatchery. It is
important to identify and quantify threats before addressing them and ensure standardised and
periodic data collection and adequate training of field staff.
Public awareness and education: Public support is required for successful conservation, and
hence education and awareness must form a central part of conservation programmes.
3.2. Protecting sea turtles on nesting beaches
3.2.1. Beach management and hatchery programmes
Given the high densities of human populations along the Indian coast, nests are vulnerable
to predation by humans and feral animals, mainly dogs. Hatchlings are also vulnerable to
predation and are disoriented by beachfront lighting. Since it is often not possible to have
complete protection for nesting beaches, it is important to weight the costs and benefits of in
situ (on site beach management) versus ex situ (hatchery management) approaches which will
depend on the nature and degree of the threat, the objective of the conservation programme and
the resources (financial and personnel) available.
In general, eggs should be allowed to develop without disturbance as far as possible. It is only
when the relative merits of moving eggs far outweighs leaving them on site that they should be
moved. Ex situ conservation (with hatcheries) usually involves greater intervention, but offers
additional value in terms of education and awareness.
Both beach management and hatchery programmes have merits and demerits. Beach
management programmes are often much harder to initiate and need the support of local
communities, and those who make use of the beach, to succeed. Sometimes these programmes
require as much effort and personnel as hatcheries, which offsets some of the supposed
advantages.
On the other hand, hatcheries can often have negative impact on populations because of their
limitations. It is only when other options are ineffectual, and funds, personnel and suitable sites
for a hatchery are available, should this option be considered.
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3.2.2. Hatchery management
Advantages of hatcheries
•

A certain proportion of eggs is guaranteed protection from risks on the nesting beach,
such as predation by feral dogs, crabs and other animals, extraction by people, beach
erosion, flooding by high tides and so on.

•

The number of eggs protected and hatchlings released is documented; hence there is
some known measure of “success”.

•

Involvement of volunteers and other personnel in conservation related action has a
positive effect on spreading awareness.

•

The hatchery provides a physical focus for conservation activity related to the coast,
which can be used for public education and awareness activities.

•

Hatchlings are available at a known time and place for use in education and awareness
programmes.

Disadvantages of hatcheries
•

Hatcheries are often relatively expensive as they require investment in fencing, nest
enclosures, and personnel.

•

Hatcheries require trained personnel for collection, relocation and reburial of eggs, as
well as to guard the hatchery against people and animals.

•

Hatching success in hatcheries is regularly lower than in the wild.

•

Sex ratios in hatcheries may be skewed.

•

Improper methods of hatchling release leads to high rates of mortality, either while
on the beach or at sea. For example, releasing hatchlings at the same site each day may
create fish and sea bird feeding stations. Unattended, or inadequately constructed,
hatcheries can be attacked by predators (including people), resulting in total or near
total loss of eggs and hatchlings. Holding hatchlings for too long before release may
lead to injuries or make them too lethargic to survive after release into the sea.

How to set up and run a hatchery
a.

Location of the hatchery

The best location for a hatchery is at a site that is as similar as possible to the habitat of the
nesting site of the turtles. Hence, hatcheries should be located on the nesting beach, and if the
beach is sufficiently long, several hatcheries should be established. This makes the transport
of eggs less labour intensive, and makes it possible to transplant eggs into hatcheries relatively
quickly. Several programmes have failed only because eggs had to be transported to hatcheries
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several kilometres away. One alternative that combines aspects of in situ and ex situ practices,
is to simply transplant a clutch of eggs several metres up the beach from where the nest was
originally laid.
Hatcheries also need to be located close to the nesting beach to minimise trauma during
transportation of eggs, to reduce the time between collection and relocation, to provide an
opportunity for the hatchlings to imprint on their natal beach and to facilitate hatchling release.
The hatchery should be located well above the high tide line, but not too far inland as to be in
heavily shaded areas, or in sand with a very high humus/organic soil content. The hatchery can
be enclosed by chain link fence or wire mesh. Inexpensive wooden poles, cane and bamboo or
slats can also be used. To prevent the entry of crabs and other burrowing predators, chicken wire
mesh (or any small mesh material) can be buried to a depth of 0.5 metres along the inside of the
fence. This measure is often essential to ensure the success of the hatchery.
Ideally, the hatchery should be located and oriented in such a manner to provide the greatest
diversity of microhabitats for the nests. The shape of the hatchery often depends on local
conditions. If the beach is narrow, then the hatchery perforce has to be rectangular with the
long side parallel to the sea. Circular shapes provide the greatest area for a given perimeter,
and hence a polygon provides more space to relocate nests especially if availability of perimeter
fencing is a constraint.
To prevent infestation from fungus and bacteria, the hatchery should not be located at the
same site during two consecutive seasons.
b.

Collection and transport

Sea turtles are very sensitive and may return to the sea without nesting if they are disturbed
while stranding or excavating the nest. During this period, workers should be very careful not to
disturb the turtle with lights or movement. Once egg laying (oviposition) begins, the turtles go
into a ‘nesting trance’. During oviposition, the turtle will usually not react even if she is handled
gently, though some species (and individuals) are more sensitive than others. Collection of eggs,
tagging and tissue sample collection can all be carried out during this time, or if possible, after
she has finished laying eggs.
Ideally, eggs should be collected, transported and placed in the hatchery within 2 hours of
egg deposition. Eggs collected within 8 - 10 hours (i.e. same night as deposition) generally have
a good chance of survival, if handled carefully. If eggs are collected more than 10 hours after
laying, great care should be taken during collection, transport and relocation.
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Ideally, eggs should be collected, transported and placed in the hatchery within 2 hours of
egg deposition. Eggs collected within 8 - 10 hours (i.e. same night as deposition) generally have
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the nest and then covered first with moist and then dry sand on the very top. The latter should
not contact the eggs. Nests should be relocated in low densities in the hatchery, with at least 1
metre between nests (and up to 2 metres if space permits) so that they do not affect each other
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during development and so that hatchery workers can move about without stepping on the nests.
Each nest should be numbered and recorded in a data sheet or book (in particular, the date
of laying and number of eggs), so that the date of emergence can be estimated with accuracy,
and for other research purposes. A sample hatchery data sheet is provided in the appendix of
this manual. Data such as clutch size, nest location, date of collection need not be posted on
the signboard near the nest. Rather, each nest should have a place marker with a number, and
associated data can be entered in a data book. The marker can be a wooden stick (with or without
a small signboard) placed beside the nest.
d.

Nest enclosures in the hatchery

Some hatcheries use mesh enclosures for each nest to restrain hatchlings after they emerge to
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Each nest should be numbered and recorded in a data sheet or book (in particular, the date of
laying and number of eggs), so that the date of emergence can be estimated with accuracy, and

e.

Hatchling release

Hatchery personnel should anticipate hatching for each nest. Expected dates of hatchling
emergence can be estimated from date of collection (and will vary depending on species and
CONSERVATION AND MANAGEMENT
time of year), and can also be predicted by the caving in of sand surface above the nest when
hatching begins. Hatchlings will usually begin to emerge from the nest two to three days
they emerge from the nest. Unless hatcheries are constantly manned, hatchlings may remain
after hatching begins. Hatchlings should be released into the sea in groups immediately after
within the enclosure for extended periods, which can cause exhaustion or death, especially
emergence, but at different times of the night and at different points to prevent the creation of
if there is bright sunlight. Chicken wire mesh should not be used for these nest enclosures.
feeding stations (fish will learn that hatchlings are released at a particular point and may wait for
Hatchlings are easily cut by the wire when they put their flippers and heads through the mesh.
them). Hatchlings should be allowed to crawl across the beach to allow imprinting. However, it
Thatch baskets work better, and also shade the nest towards the end of incubation, which can
is best not to subject them to this if there is bright sun or hot sand.
help to reduce mortality especially during summer. However, the nests should not be shaded
too early during incubation, as this could affect sex ratios. In populated areas, thatch baskets
If and when immediate release is not possible, hatchlings should be kept in a soft, damp cloth
can be stolen from the hatchery, and this can been countered by making a hole at the bottom of
or sack in a cool and dark place. They should not be placed in buckets of water as they will engage
the basket, hence making them useless for any other purpose. If enclosures are used primarily
in swim frenzy behaviour and exhaust their yolk reserves. They need both the yolk reserves
to restrain hatchlings for data collection and release, they only need to be placed during the end
and swim frenzy behaviour to help them to swim past the breakers. Hatchlings should not be
of incubation.
retained in containers with water; they should be released as soon after emergence as possible.

Excavation of relocated nests in a hatchery

3.2.3. Beach management programmes
Hatchling release
Hatcheries are obviously not always an ideal solution for the conservation of sea turtles since
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emergence, but at different times of the night and at different points to prevent the creation of
feeding stations (fish will learn that hatchlings are released at a particular point and may wait

a.

Beach patrols and disguising nests

The very presence of monitoring and surveillance personnel or even just researchers is often
enough to deter egg collectors to some extent. This, of course, is if the collectors know that the
collection of eggs is illegal, which is not the case in many areas. In this case, it is first necessary
to acquaint them with the wildlife laws. All five species of sea turtles found in Indian waters are
classified in Schedule 1 of the Indian Wild Life Protection Act (1972), which affords complete
protection for the turtles and eggs. Offenders can be sentenced to imprisonment for a maximum
of seven years. Egg collectors can also be deterred by removing the evidence of nesting by wiping
out the track and smoothing over the nesting site. Another method is to leave a lot of foot prints
around nests and create poke marks with a 1 to 1.5 inches diameter stick. Egg collectors often
use sticks to probe for nests and this makes it look like the eggs have already been taken. Nests
can also be disguised from predators using masking scents (e.g. urine) but there is no evidence
that this is effective.
An alternative is to relocate the eggs to a site close to the original nest. In addition to being
effective in thwarting egg collectors and predators, this does not require the infrastructure of
a hatchery. Relocation protocols are the same as those for the hatchery as described above. The
location of nests needs to be carefully determined using local landmarks. However, if beach
front lighting is present, the hatchlings will be disoriented when they emerge, necessitating
monitoring during the period of emergence as well.
For in situ nests, an aid to locate the nest is to use a coloured tape, extending just to or just
below the surface. This is a good way to mark nests on the beach without attracting the attention
of egg collectors or curious passersby.
b.

Buried mesh and caging

Eggs need to be protected immediately after laying when they are most susceptible to
predation. Again, after about 30 days, when the nest temperature reaches a certain level (due
to the metabolic heat generated by the developing embryos), the predated eggs start to rot and
smell. Predators (like dogs) which rely on smell will learn quickly to locate these nests. Of course,
fresh nests are also susceptible to these predators. Hatchlings are obviously susceptible during
emergence, especially if artificial lights are present which disorient them. In such cases, the nests
need to be protected throughout incubation. The placement of mesh or caging surrounding each
individual nest is possible on beaches where the main threat is from predators such as dogs and
pigs. The mesh should be buried deep enough to protect the egg from burrowing by predators.
Mesh size should be big enough to allow hatchlings to crawl through after emergence, if the
nests are not going to be monitored during that period.
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c.

Predator control

Sometimes, the best way to deal with predators is to eliminate them. However, this is an option
to be exercised only with semi-domestic, feral, introduced and widespread species. Elimination
of native predators can negatively impact the coastal ecosystem. Further, this would be
ineffective in many parts of the Indian mainland, where there is an endless supply of predators
such as feral dogs. However, this is an alternative for isolated beaches such as in the Andaman
and Nicobar Islands. Aversive conditioning (use of chemicals which create unpleasantness on
consumption) has unfortunately not been shown to have great success, but could be useful if the
right chemicals for particular predators are discovered.
3.2.4. Data collection
The collection of accurate data is a very important part of any conservation programme.
Information on the number of nesting turtles per season, or at least the number of nests (with
eggs) on a given nesting beach provides information on population trends, though effort needs
to be standardised between years and research teams. Data on nest depths determine hatchery
relocation practice. Data on clutch sizes and hatching success can give important information
about the reproductive biology of the species. In hatchery programmes, it is particularly
important to determine hatching and emergence success so that one can evaluate if anything
is drastically wrong, and then make appropriate modifications. See Appendix for a sample
hatchery data sheet.
Examining sea turtle nests
Information on nests is important for conservation and research. Data on nest depths
determine hatchery relocation practice. Data on clutch sizes and hatching success can give
important information about the reproductive biology of the species. In hatchery programmes, it
is particularly important to determine hatching and emergence success so that one can evaluate
if anything is drastically wrong, and then make appropriate modifications. This effort must be
carried out for several years for inferences from the data to inform appropriate management
decisions through a long term monitoring programme.
Clutch size
Clutch size is the number of eggs laid in a nest. Sea turtles (especially leatherbacks) lay
some abnormal eggs, including yolkless eggs (which are much smaller than usual) and multiyolked eggs. Yolkless eggs are not counted, while multi-yolked eggs are counted as single eggs.
Clutch size must be determined at the time of oviposition. If the eggs are being collected for
translocation to a hatchery, clutch size should definitely be determined at this time. If nests are
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in-situ, it is useful to determine the clutch size for some proportion of nests.
Clutch size can also be estimated after emergence by counting egg shells and other nest
contents (see below). If some of the eggs that are collected are not included in the hatchery nest
(perhaps because of breakage) this information needs to be recorded.
Measuring and weighing eggs
It is not strictly necessary to measure and weigh eggs, unless there is a specific research
objective. A minimum of ten eggs should be chosen at random from the clutch, and wiped free
of sand. The greatest and least diameter for each egg should be measured and recorded. These
can be averaged to obtain the diameter of each egg. The same eggs can also be weighed using a
spring or electrical balance. If the balance is not accurate enough to weigh single eggs, groups of
eggs can be weighed together and averaged.
Excavation data
Collecting data on nest contents can help in identifying problems during incubation either in
the hatchery or in situ.
Nest contents can be categorised as:
S = Shells = Number of hatched out empty shells
E = Emerged = Hatchlings that have emerged from the nest
LIN = Live in Nest = Live Hatchlings still within the nest
DIN = Dead in Nest = Dead Hatchlings within the nest
DPE = Dead hatchling in pipped* egg
LPE = Live hatchling in pipped* egg
P = Predated = Open, partial / nearly complete shell with egg residue/dead embryo
*Pipping: The breaking / opening of the shell by the hatchling
Unhatched eggs
UD = Unhatched, undeveloped eggs with no obvious embryo
UH = Unhatched egg with obvious small embryo
UHT = Unhatched egg with full term embryo
Shells: The number of hatched shells (shells are also left from predation) is difficult to count,
and the accuracy often depends on the skill and experience of the worker. Only shells that are
> 50% of the egg should be counted; small fragments must not be counted. All workers (both
new and experienced) should calibrate their error by comparing egg shell counts in nests where
the clutch size is known (though this may be affected if there is predation inside the hatchery).
32

Undeveloped eggs: Some of these may be infertile, but others may have a very small indiscernible
embryo, which cannot be discerned without careful, detailed examination, and adequate
equipment and training.
Calculating clutch size
Estimated total clutch = components without shells + components with shells
CS (Clutch size) = (E + LIN + DIN) + (UD + UH + UHT + DPE + LPE) + P
Where components without shells = Number of hatched shells (S) = Emerged (E) + Live in Nest
(LIN) + Dead in Nest (DIN)
If the total number of hatchlings emerged is not known (i.e. if a few escaped and were not
counted), E = S – (LIN + DIN).
Calculating hatching and emergence success
If clutch size determined by counting hatchlings, then
Emergence success (%) = (E / CS) x 100
Hatching success (%) = [(E + LIN + DIN) / CS] x 100
If clutch size is determined by counting egg shells, then
Emergence success (%) = [S – (LIN + DIN) / CS] × 100
Hatching success (%) = (S / CS) x 100
Total clutch size must include eggs that were lost between collection and relocation due to
breakage or predation inside the hatchery.
3.2.5. Education and awareness
Hatchery and beach management programmes offer excellent opportunities for education and
awareness. They allow wildlife enthusiasts and school and college students to participate in and
contribute to conservation programmes, and help in giving them exposure to key conservation
issues and to learn the basics of wildlife research.
If funds are available, some material or handout with basic information should be provided to
visitors to the hatchery or participants on turtle walks. During turtle walks, clear instructions
(verbal or written) must be provided on behaviour, especially with regard to nesting turtles. A
sufficient number of volunteers should be present to guide the group.
Hatchling release is an exciting activity for students and children, and really anyone. Hatchlings
should be released at night or early in the morning, and be allowed to crawl on the beach prior
to entering the surf. Each participant can be assigned a few hatchlings to guard until they enter
the surf and swim away. For large groups, one can cordon off a section of the beach, effectively
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keeping people behind parallel lines, in the middle of which the hatchlings crawl to the sea.
Volunteers and participants or new personnel must be acquainted with the particulars of
sea turtle biology, conservation and management techniques. They should be encouraged to
read general articles and manuals on sea turtles, and directed towards more literature and
websites. They must be acquainted with the necessary techniques required for the conservation
programme.
3.2.6. Community based conservation
It is ideal when the conservation programme can be run, or co-managed, by a local community.
The youth of the fishing community should be encouraged to protect turtles and nests near their
villages. This can work in tandem with other community programmes as well as synergistically
with other sea turtle conservation programmes on the coast.
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Appendix
SAMPLE HATCHERY DATA
Nest ID (if any):
Date laid:
Time laid:
Date of relocation:
Time of relocation:
Date of hatching:
Clutch size:
Emerged:
LIN:
DIN:
DPE:
LPE:
UD:
UH:
UHT:
Total:
HS:
ES:
Egg diameter (cm):
Egg weight (cm):
Total depth (cm):
Neck depth (cm):
Neck width (cm):
Chamber width (cm):
CCL (cm):
CCW (cm):
Remarks/Observations:
See page 31 for an explanation of the above terms
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Photo and illustration credits
Figure on page 4: Adapted from Pritchard, P.C.H. & J.A. Mortimer. 1999. Taxonomy, external
morphology, and species identification. Pp. 21–38. In: Eckert, K.L., K.A. Bjorndal, F.A. Alberto
Abreu-Grobois & M. Donnelly (Eds.). 1999. Research and management techniques for the
conservation of sea turtles. IUCN/SSC Marine Turtle Specialist Group Special Publication No.
4.
Figure on page 7: Adapted from “Sea turtle colouring book”, by Francine Jacobs. Original
illustrations by Mary Beath. 1981. Centre for Environmental Education, Washington DC, USA.
Figure on page 26: Kartik Shanker/Meera Anna Oommen
Figure on page 27: Left: Kartik Shanker. Right: B.C. Choudhury
Figure on page 28: Meera Anna Oommen
Maharashtra map: Giri, V., and Chaturvedi, N. 2006. Sea turtles of Maharashtra and Goa. In:
Marine turtles of the Indian subcontinent (Eds. Shanker, K. & B.C. Choudhury). Pp 156–159.
Hyderabad: Universities Press (India) Private Ltd.
Identification plates:
All illustrations adapted from: Pritchard, P.C.H. & J.A. Mortimer. 1999. Taxonomy, external
morphology, and species identification. Pp. 21–38. In: Eckert, K.L., K.A. Bjorndal, F.A. Alberto
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Leatherback
Adult: Kartik Shanker/Meera Anna Oommen
Hatchling: Kartik Shanker
Tracks: Kartik Shanker
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Green
Adult: Sumer Verma
Hatchling: Pedro López-Suárez
Tracks: Brendan Godley
Hawksbill
Adult: Sumer Verma
Hatchling: Paula Baldassin
Tracks: Pedro López-Suárez
Loggerhead
Adult: Matthew H. Godfrey
Hatchling: Paula Baldassin
Tracks: Lucy Hawkes
Olive ridley
Adult: Kartik Shanker
Hatchling: Ashis Gharai
Tracks: Kartik Shanker
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