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EDITOR’S NOTE
ANDREA D. PHILLOTT
Editor, Indian Ocean Turtle Newsletter
iotn.editors@gmail.com

This special issue of IOTN examines the use of sea turtle
hatcheries in South Asia. A common ex situ conservation
strategy for threatened nests in Bangladesh, India, Pakistan
and Sri Lanka, their purpose and practices vary among
countries. In Pakistan, large-scale hatcheries protect
threatened nests laid on high density nesting beaches,
while state Forest Departments and NGOs in India oversee
varying numbers of comparatively small-scale hatcheries
to protect nests laid on their local beaches. Hatcheries in
Bangladesh are operated by NGOs on a similar scale to
that of smaller hatcheries in India, Sri Lankan hatcheries
are advertised as tourist attractions and are managed
by private owners as small businesses. Articles in the
special issue describe the hatchery operations in these
four countries, and summarise the best practices that
should be used by hatcheries throughout the region.

general public who participate in their ‘Turtle Walks’.

Included in IOTN27 is the annual report from SSTCN
in Tamil Nadu, whose volunteers have been protecting
nests at hatcheries since 1987. Along with other NGOs
in the state, SSTCN plays an important role in turtle
conservation and also in inspiring members of the

Finally, I would like to acknowledge that
IOTN27 was produced with the considerable
assistance of ALan Rees, who coordinated the
review of most of the manuscripts in this issue.

The issue also presents a Research Summary potentially
of interest to readers associated with sea turtle
hatcheries. Light pollution in the immediate and
adjacent areas to hatcheries may attract hatchlings
and cause them to remain on the beach or in in-shore
waters for longer than usual so they are fatigued and
more vulnerable to predation, reducing the impact of
hatcheries as a conservation strategy. The Resource
of Interest- a field key to the developmental stages
of embryonic sea turtles- is also relevant to hatchery
management, as it can be used when excavating nests
after hatchling emergence to determine the stage
and time of embryo mortality and evaluate hatchery
management practices and environmental conditions.

CALL FOR SUBMISSIONS
The Indian Ocean Turtle Newsletter was initiated to provide a forum for the exchange of information on sea
turtle biology and conservation, management and education and awareness activities in the Indian subcontinent,
Indian Ocean region, and south/southeast Asia. If you would like to submit a research article, project profile, note
or announcement for Issue 28 of IOTN, please email material to iotn.editors@gmail.com before 1st April 2018.
Guidelines for submission can be found on the last page of this newsletter or at http://www.iotn.org/submission.php.
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INTRODUCTION
Major nesting populations for green (Chelonia mydas)
sea turtles occur in Pakistan (Figure 1) (Firdous et al.,
2011). Historically, olive ridley (Lepidochelys olivacea)
turtles nested at the same locations but have not been
observed nesting in Pakistan since 2003 (Hussain, 2009
in Khan et al., 2010). Hawksbill (Eretmochelys imbricata)
turtle tracks have been observed at Cape Monze (Sindh
province) and Astola Island (Balochistan province) and
leatherback (Dermochelys coriacea) tracks at Mubarak
Village (Sindh province), and Pishukan and Jiwani
(Balochistan province) (see Khan et al., 2010) (Figure
1); there are no estimates of the size of these nesting
populations. Sea turtles in Pakistan are protected
under the Sindh Wildlife Protection Ordinance of 1972
(amended in 1993 to the Sindh Wildlife Protection Act)
and Balochistan Wildlife Protection Act (1974). However,
protected areas have not encompassed nesting sites (Khan
et al., 2005 in Khan et al., 2010) and nesting females,
nests and hatchlings have been, and are still, subject to
human (e.g. coastal development, lighting, poaching) and
non-human (e.g. wild dogs) threats on nesting beaches.
In response to nest and hatchling mortality on nesting
beaches, sea turtle hatcheries at Hawkesbay and Sandspit
beaches in Karachi, Sindh province, were established in
1979 (Figure 1). Three (one at Hawkesbay and two at
Sandspit beaches) enclosures of 24m × 24m with a concrete
footing and ~3m high wire fence were constructed
above the high tide line; each hatchery enclosure had
the capacity to hold 300 nests, and individual nests were
protected with cages (45cm high, 90cm circumference,
2.5cm wire mesh walls and roof) (Firdous, 2001).
Hatcheries have remained close to their original location
since construction, being moved a few hundred feet if
the fence deteriorated beyond repair (Kabraji & Firdous,
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1984), and are still in operation to protect eggs against
predation by wild dogs and poaching, and hatchlings
against predation by wild dogs and disorientation by
lighting associated with beach development. Hatcheries
are now also a local ecotourist attraction. The current
facilities are managed by the Sindh Wildlife Department.
HATCHERY MANAGEMENT PRACTICES, 1979-1997
Only vulnerable nests, those close to villages with
associated wild dogs or laid below or close to the high
tide line, were transferred to the hatchery (Kabraji &
Firdous, 1984). Eggs were originally retrieved from
the bottom of the nest as the turtle was laying, but the
practice soon changed to catching the eggs in a cloth
bag directly below the ovipositor, as recommended by
Mortimer (1999), to reduce the coverage of individual
eggs with sand (Kabraji & Firdous, 1984). After
collection, eggs were then transported by foot in a
straw basket (Kabraji & Firdous, 1984) or plastic bucket
(Firdous et al., 2011) to the closest hatchery enclosure.
Relocation of nests most often occurred within 30min
of oviposition (Firdous, unpubl.), although the time
between oviposition and reburial sometimes reached
6hr (Firdous et al., 2011). Within the hatchery, eggs
were reburied at a depth of 70cm (Kabraji & Firdous,
1984) at a density of 1 nest/m2 (Firdous et al., 2011).
Previously, hatchlings that emerged at night were
immediately released close to the high tide line and
guarded from predators until they reached the water;
hatchlings that emerged during the day were held
until dark before release (Kabraji & Firdous, 1984).
Nests were excavated to calculate hatching success
and the nest contents (eggshells, unhatched eggs etc)
were removed and buried away from the hatchery to
minimise the accumulation of organic matter in the
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Figure 1. Green sea turtle nesting areas in Pakistan. Hatcheries exist at Hawkesbay and Sandspit Beaches, Karachi,
whereas in situ nest protection occurs at Daran Beach, Jawani.
enclosure (Firdous, unpubl.). The nest chamber was
exposed for at least 2-3 days, to minimise microbial
growth, before re-use (Kabraji & Firdous, 1984).
LOW HATCHING SUCCESS IN HATCHERIES AND
POTENTIAL CONTRIBUTING FACTORS
Between 1979 and 1997, 17,048 green turtle nests
were relocated to the hatcheries by the Sindh Wildlife
Department (Firdous, 2001; Firdous et al., 2011); 654
olive ridley turtle nests were relocated to the same
hatcheries between 1980 and 1997. The reported hatching
success for nests of both species was relatively low; green
turtle hatching success on average was 25.5% (range
11-43%) and average hatching success of olive ridley
nests was 27.1% (range 6-74%) (Firdous et al., 2011).
Acknowledging that the overall hatching success was
low, Kabraji & Firdous (1984) described four potential
contributing factors related to hatchery management
practices: during collection, eggs became covered in sand
that reduced the exchange of respiratory gases during
incubation (as per Mortimer, 1999); high microbial load
in the hatchery substrate; dry nest substrate after 2-3 days
of exposure post-emergence before the same nest chamber
was utilised for another clutch; and, underestimation of
hatchlings due to escape from the nest enclosure. Some
of these factors were unlikely to have resulted in longterm low hatching success. For example, their methods
of egg collection changed from removing eggs from the
bottom of the nest during oviposition to collecting them
directly from the ovipositor to reduce the likelihood
of eggs becoming covered in sand and an implicating
factor in embryo mortality (Kabraji & Firdous, 1984).

The escape of hatchlings from nest enclosures should
not have affected the determination of hatching success,
unless the number of emerged hatchlings per nest
was used instead of the number of hatched eggs in the
calculation. (Hatching Success = (number of hatched
eggs/total number of eggs) x 100%; Miller, 1999).
One of the potential factors described by Kabraji &
Firdous (1984)- high substrate microbial load- may
have contributed to low hatching success. There were
no descriptions of sand within the enclosures being
replaced or overturned, but nest chambers remained
exposed to sunlight after excavation before re-use.
After hatchling emergence, nests were excavated and
eggshells, unhatched eggs, and other organic matter
were removed from the hatchery. However, these
practices may not have been sufficient to minimise the
accumulation of organic matter and, potentially, a high
microbial load which can invade eggs (e.g. Phillott, 2004;
Phillott et al., 2004) or alter respiratory gas availability
(Bézy et al., 2014, 2015) and result in embryo mortality.
The practice of exposing empty nest chambers for
several days before re-use may have resulted in dry
nest substrate, and low moisture availability is known
to have a negative impact on embryonic development
(reviewed by Miller et al., 2003). However, hatching
success at Sandspit and Hawkesbay hatcheries was low
year -round, (see Table 1 in Firdous, 2001), including
during periods of rainfall, so low substrate water
potential would only be expected to limit embryonic
development and hatching success in dry seasons.
Other

hatchery

practices

are

unlikely

to

have
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contributed to low hatching success. Nest density (1/
m2) was as recommended for sea turtle hatcheries in
the region (Shenoy et al., 2011). Nest depth (~70cm;
Kabraji & Firdous 1984) in the hatcheries was
within the range of reported nest depths for green
turtles elsewhere in the northern Indian Ocean,
however, exceeds that of olive ridley nests (Table 1).
The time between oviposition and reburial of eggs was
usually less than 30min (Firdous, unpubl.), within the
recommended range of less than 2hr (Mortimer, 1999;
Shenoy et al., 2011). However, those nests that were not
moved until up to 6hr after oviposition (Firdous et al.,
2011) may have experienced movement-induced embryo
mortality (Limpus et al., 1979; Parmenter, 1980). Firdous
et al. (2011) indicates that the number of nests in the
latter category were few; if so, it seems unlikely that
movement-induced embryo mortality would be a major
contributing factor to long-term low hatching success.
The effect of environmental conditions on hatching
success were later considered when analysing data sets for
Sandspit and Hawkesbay hatcheries. Firdous et al. (2011)
predicted that the monsoonal rain in June and July could
reduce hatching during these months. However, while
heavy rainfall may reduce hatching success through nest
flooding and reduced respiratory gas exchange (Kraemer
& Bell, 1980; Miller et al., 2003), figures in Firdous et al.
(2011) indicate comparatively low numbers of nesting
turtles in the months prior to and during the monsoon
so rainfall is unlikely to have affected many nests and
meaningfully decreased the overall hatching success.
The limited nest temperature data available (range 16.0629.03ºC, n=1 in Firdous et al., 2011; average 25-26ºC,
range 22.5-31.1ºC, n=4 in Shahid et al., 2015) indicated
thermal conditions are below the upper thermal limit for
sea turtle embryos (see Howard et al., 2014) so there is
no current evidence for concluding that heat-induced
mortality is a contributing factor to low hatching success.

It is interesting to note that the incubation duration
recorded for green (average 62 days, range 22-160 days)
and olive ridley nests (average 49 days, range 42-69 days)
(Kabraji & Firdous, 1984) in the hatcheries at Sandspit
and Hawkesbay beaches are longer than those for the
same species in the northern Indian Ocean (Table 2). It
should be noted that the average incubation duration for
green turtle nests was likely to be an underestimate as the
minimum was reported as 20-30 days for several years,
and development from gastrula to hatchling would be
unlikely to occur in that time, regardless of incubation
temperature (see Miller, 1985). Long incubation periods
may result from slow embryonic development in
environmental conditions such as low nest temperatures
and/or low moisture availability (reviewed by Miller,
1985; Miller et al., 2003), which may also contribute
to embryonic mortality and low hatching success.
There are only two small data-sets for in situ nests at
Sandspit and Hawkesbay beaches against which to
compare the hatchling production from hatchery nests.
Kabraji & Firdous (1984) reported an average hatching
success of 60% (range 4-98%; n=6) and Shahid et al.
(2015) an average hatching success of 49% (range 4066%; n=4). A low hatching success was also reported for
caged in situ nests at Daran Beach (Figure 1) in Jiwani,
Balochistan province; between 1999 and 2008, 2,751
caged nests demonstrated a hatching success of 32%.
Cages were placed over the nests without disturbing
the eggs or requiring nest relocation. The only potential
factor identified by (Waqas et al., 2011) as contributing to
low hatching success at Daran Beach was heavy rainfall
and erosion of an undescribed number of nests in 20062007. The low sample sizes of in situ nests at Sandspit and
Hawkesbay beaches, and spatial and temporal differences
to nest data at Daran Beach, does not allow a rigorous
comparison of hatching success. Conditions on sea turtle
nesting beaches in Pakistan may potentially contribute
to a lower hatching success than that recorded for green
and olive ridley turtles elsewhere in the region (Table 3).

Table 1. The depth of in situ green and olive ridley sea turtle nests in the northern Indian Ocean.
Sea
Turtle
Green

Location
St. Martin’s Is., Bangladesh
Saurashtra Coast, Gujarat, India
Kosgoda, Sri Lanka

Olive ridley

4

St. Martin’s Is., Bangladesh

Mean Nest Depth±S.D. (Range)
(cm)
100±11
(85-104)
83
(62-122)
73±12
(30-114)
41±7
(33-50)

# Nests

Source

4

Rashid & Islam, 2006

35

Venkatesan et al., 2004

482

Ekanayake et al., 2016

21

Rashid & Islam, 2006
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Table 2. The incubation duration of in situ green and olive ridley sea turtle nests in the northern Indian Ocean.
Mean Incubation
Duration±S.D.
(Range) (Days)

# Nests

St. Martin’s Is., Bangladesh

62±3*
(-)

-

Qaruh & Umm Al-Maradim Is., Kuwait

(53-57)

73

Daran Beach, Pakistan

(55-104)

-

Ras Baridi, Saudi Arabia

60±3 S.D.
(50-82)

39

Kosgoda, Sri Lanka

51±4 S.D.
(43-68)

-

Ekanayake et al., 2016

Rekawa, Sri Lanka

53±4 S.D.
(43-68)

-

Ekanayake, 2003 in Ekanayake et
al., 2016

64±4*
(-)

-

Hossain et al., 2004

Sea Turtle

Green

Olive ridley

Location

St. Martin’s Is., Bangladesh

Source

Hossain et al., 2004
Al-Mohanna et al., 2014
Waqas et al., 2011
Pilcher & Al-Merghani, 2000

- Not reported
* S.D. or S.E. not specified
THE FUTURE OF HATCHERIES IN PAKISTAN
With low hatching success from nests in hatcheries at
Sandspit and Hawkesbay beaches but ongoing threats to
nests and hatchlings from wild dogs, Kabraji & Firdous
(1984) suggested that only the most vulnerable nests
be relocated to the nest enclosures and the hatching
success of in situ nests be monitored for comparison.
As the threats have not abated (and poaching of eggs
and hatchlings may be increasing; Shahid pers.obs.) and
successful management strategies for canines are limited,
their recommendation remains as the most practical
for conservation of sea turtle nests at this location.
However, current hatchery management practices
can be complemented with additional measures and
research to maximise hatchling production. One of the
possible contributing factors to low hatching success
in hatcheries is accumulation of organic material in
the hatchery substrate and subsequent high microbial
load. It is recommended that sand be replaced (from a
low-density nesting area or adjacent beach) or turned
over annually, and potentially treated with a fresh- or
saltwater wash (for example see Bézy et al., 2015) if the
hatchery itself cannot be constructed in a new place each
year with comparatively clean substrate. Treatment of
hatchery substrate, further research into environmental
conditions within the nest (e.g. temperature and

moisture availability) and other potential causes of
low hatching success, and monitoring of hatching
success and environmental conditions of in situ nests,
could give greater insight and enable higher hatchling
production in the declining population of green turtles
in Sindh province (as described by Firdous et al., 2011).
People associated with hatcheries in Pakistan have
expressed concern about the potential contribution
of high nest temperatures to embryo and hatchling
mortality in Sandspit and Hawkesbay hatcheries (Phillott,
unpubl.). However, nest temperatures exceeding the
thermal maximum for sea turtle embryos have not
yet been recorded and hatcheries and individual nests
are currently unshaded. Various studies have assessed
potential mitigation strategies for the effects of climate
change on sea turtle nest temperatures (for examples see
Jourdan & Fuentes, 2015) but it is not recommended that
these be implemented in Pakistan without first measuring
the range of nest temperatures over time in the hatcheries,
and relating nest temperatures to the thermal tolerance of
sea turtle embryos, natural sex ratios from in situ nests,
and incubation temperature for these populations of
green and olive ridley sea turtles at which 100% female
hatchlings are produced. If nests are shaded or watered
to decrease nest temperatures unnecessarily, the sex ratio
of hatchlings produced by hatcheries in Pakistan could be

5

6

Hatchery
Hatchery
Hatchery
Hatchery

Ramayapatana, Odisha, India

Sonadia Island, Bangladesh

Cox’s Bazaar, Bangladesh

St. Martin’s Is., Bangladesh

In situ

Rushikulya rookery, Odisha, India

Hatchery

Kasargod District, Kerala, India
In situ

Hatchery

Adyar River, Madras, India

Vishakapatnam, Gangavaram and Pudimaka coast, Andhra Pradesh

Hatchery

In situ

Qaruh & Umm Al-Maradim, Is., Kuwait

Sandspit and Hawkesbay beaches, Pakistan

In situ

Hatchery

Ras Baridi Coast, Saudi Arabia

St. Martin’s Is., Bangladesh

In situ

Hatchery

Madhavpur, Gujarat, India

Kosgoda, Sri Lanka

Hatchery

Nest Location

Sandspit and Hawkesbay beaches, Pakistan

Geographic Location

*
A detailed account of hatching success in hatcheries in India is given in Phillott & Kale, 2018
- Not reported

Olive ridley

Green

Sea Turtle
26
(11-43)
83
(-)
77±22
(66-81)
80
(-)
80±16
(32-99)
75
(-)
27
(6-74)
66
(-)
66±23
(35-90)
70
(-)
83
(66-93)
95±2
(87-100)
92±5
(-)
88
(74-98)
81
(-)

Mean Hatching
Success±S.D.
(Range) (%)

10

260

43

195

5,362

389

104

504

654

73

28

10

526

146

17,048

# Nests

Source

Hossain et al., 2004

Islam & Mollah, 2015

Islam et al., 2011

Behera & Kar, 2013

Chandarana et al., 2017

Nath, 2000

Kumar, 2002

Shanker, 1994

Firdous, 2001; Firdous et al., 2011

Al-Mohanna et al., 2014

Pilcher & Al-Merghani, 2000

Hossain et al., 2004

Ekanayake et al., 2016

Venkatesan et al., 2004

Firdous, 2001; Firdous et al., 2011

Table 3. The hatching success of green and olive ridley sea turtle nests in the northern Indian Ocean*.
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mistakenly skewed towards a higher proportion of males.
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INTRODUCTION
Green (Chelonia mydas), leatherback (Dermochelys
coriacea), loggerhead (Caretta caretta), hawksbill
(Eretmochelys imbricata), and olive ridley (Lepidochelys
olivacea) turtles nest in Sri Lanka. In response to the
country’s historically over-exploited sea turtle fishery,
legal protection of sea turtles and their eggs was first
introduced by an amendment in 1972 to the Fauna and
Flora Protection Ordinance of 1937 (Hewavisenthi,
1990). Nevertheless, consumption of eggs continued
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despite the legislation, with an estimated take of 20,000
eggs annually (Hoffman, 1975 in Hewavisenthi, 1990).
In subsequent decades, close to 100% of eggs were
harvested for sale or local consumption at Rekawa
(Cooray, 1988; Ekanayake et al., 2002), Mirissa (Dattatri
& Samarajiva, 1982), and other locations (see de Silva,
2006) resulting in no hatchling production from these
nesting beaches (Cooray, 1988). Egg exploitation
has been regarded as a major threat to nesting sea
turtle populations in Sri Lanka (see de Silva, 1996;
Amarasooriya & Dayartne,1997 in Amarasooriya, 2000).
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As a conservation measure to mitigate the impact of the
sea turtle meat and egg exploitation in Sri Lanka, the first
hatchery was established in 1956 and the second in 1969
(de Silva, 2006). Despite the 1972 ban on collection of sea
turtle eggs, existing hatcheries continued operations and
new hatcheries were opened without formal permission
or approval. The number of hatcheries in south-west Sri
Lanka fluctuated over time, reported as 16 hatcheries
in 1994, 7 in 1995, 9 in 2000, 7 in 2012, and 15 in 2015
(see de Silva, 1996; Richardson, 1996; Amarasooriya,
2004; Tisdell & Wilson, 2005; Rajakaruna et al., 2013;
Jayathalika et al., 2017) with hatcheries opening and
closing (see Amarasooriya, 2004) for undescribed reasons.
The number of eggs transferred to hatcheries annually
appeared to increase dramatically with the rising number
of hatcheries (Tisdell & Wilson, 2005), from ~49,000 eggs
among three hatcheries in 1981/82 (Wickramsinghe,

1982) to ~300,000 eggs among nine hatcheries in 2000
(Amarasooriya, 2004). Amarasooriya (2004) indicated
that the eggs reburied in hatcheries represented about a
third of the annual mean egg production in their districts;
Tisdell & Wilson (2005) assumed that the remaining twothirds were consumed. Egg consumption may be ongoing,
although among a lower proportion of the population
and less frequently than before (Rajakaruna et al., 2009).
The reported hatching success of nests transferred to
hatcheries ranged from 0-80% (e.g. Wickramsinghe, 1982;
Wickremasinghe, 1983; Dayaratne & Amarasooriya,
1995; Amarasooriya, 2004). Early concerns were raised
about hatchery procedures, including the collection and
transport of eggs and holding of hatchlings (Fernando,
1977; Dayaratne & Amarasooriya, 1995; Hewavisenthi
& Kotagama, 1990; Hewavisenthi & Kotagama, 1991)

Figure 1. Location of sea turtle hatcheries in Sri Lanka, 2015/16.
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and the hatcheries themselves were described as
a major threat to nesting sea turtle populations in
Sri Lanka (see Amarasooriya & Dayartne, 1997 in
Amarasooriya, 2000). This was accompanied by criticism
that the hatcheries main objective had shifted from
conservation to tourism (Dayaratne & Amarasooriya,
1995), with the implication that less attention was
paid to maintaining effective hatchery management
practices. Many authors called for national guidelines
and regulations for sea turtle hatcheries in Sri Lanka and
identified a need for licenses and inspections (Dayaratne
& Amarasooriya, 1995; de Silva, 1996; Richardson,
1996; Hewavisenthi, 2001; Amarasooriya, 2004), and
Richardson (1996) even outlined hatchery management
guidelines to initiate discussion in the country.

so we can better understand the potential impact of
hatcheries as an ex situ conservation strategy on nesting
sea turtle populations in the northern Indian Ocean.

The 2004 Indian Ocean tsunami severely damaged or
destroyed most hatcheries in Sri Lanka at the time and
was identified as an opportune time for the Department
of Wildlife Conservation to introduce regulations for
the previously illegal operations (Kapurusinghe, 2006).
However, hatcheries recommenced egg collection within
2 months of the disaster (Brodie et al., 2008) and some
hatcheries were rebuilt on a larger scale than before
(Kapurusinghe, 2006). Both concern for the effect of
hatchery practices on hatchling production, survival,
and fitness (Rajakaruna et al., 2013; Balsalobre & Bride,
2016) and calls for national regulation (Rajakaruna
et al., 2013) are ongoing. The current study builds on
the most recent description of hatchery infrastructure
and practices in Sri Lanka (Rajakaruna et al., 2013)

RESULTS

METHODS
To determine management practices and productivity
of sea turtle hatcheries in Sri Lanka, we conducted face
to face interviews with hatchery owners, managers,
or other senior personnel from hatcheries from
December 2015 to January 2016. Informed consent
was obtained before participants were asked questions
about hatchery structure, egg collection and relocation
techniques, nest incubation conditions, hatching success,
hatchling emergence and release, and record keeping.

Eleven hatcheries operated in south-west Sri Lanka
(Figure 1) at the time of this study, and representatives
from all 11 contributed to this study. The majority of
hatcheries (73%) identified tourism as their primary
reason for operating, while the remainder (27%)
decribed dual purposes of tourism and conservation.
Approximately half of the hatcheries were a long-term
(>17yr) operation, while the remainder were relatively
new (<10yr). Hatcheries supported an average of 7
employees (range 3-15), which included owner/s,
manager/s, worker/s, guard/s and accountant/s (Table
1). Managers and other staff at the majority (64%) of
hatcheries had never participated in a workshop relating

Table 1. The name and basic organisation details for 11 hatcheries operating in south-west Sri Lanka in 2015.
Name

# Years
# Employees
Operation

Hatchery Purpose

Arun and Amal Turtle Conservation and Research Center

Kosgoda

3

12

Tourism

Bentota Sea Turtle Conservation and Research Project

Bentota

22

7

Tourism and conservation

Induruwa Sea Turtle Conservation

Induruwa

4

10

Tourism

Kosgoda Sea Turtle Conservation Project

Kosgoda

27

4

Tourism

Marine Turtles Protecting Center

Kosgoda

20

7

Tourism

Ambalangoda

3

4

Tourism

Peraliya

9

4

Tourism

Mahamodara

2

4

Tourism and conservation

Bentota

17

3

Tourism

Galbokka

2

4

Tourism and conservation

Kosgoda

35

15

Tourism

Sea Turtle Hatchery
Sea Turtle Hatchery and Rescue Center
Sea Turtle Hatchery Center
The Wunderbar Turtle Project
Turtle Hatchery Galbokka
Victor Hasselblad Sea Turtle Conservation and Research
Center
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to hatchery management techniques; respondents for the
remainder (36%) of the hatcheries reported they were
members of the ‘Sea Turtle Conservation and Breeding
Association of Sri Lanka’ in response to the question about
training in hatchery management. Of the participants
from ten hatcheries that responded to a question about
records of their operations, only 50% indicated that they
maintain records of the number of eggs or nests collected
annually, hatching success, and number of hatchlings
released annually. Those records were reported to be
shared with the National Aquatic Resources Research
and Development Agency (NARA) of Sri Lanka.
All hatcheries had been situated in permanent
locations throughout their periods of operations, but
sand was replaced annually. The average number of
nests incubated at each hatchery was 242.4 (range 80700), with a total of ~2,560 reported nests incubated
all hatcheries. Exact numbers of nests and eggs for
each species were not provided but hatcheries each
reported nests of 2-3 species of sea turtles; green and
olive ridley turtle nests were incubated at all hatcheries,
hawksbill nests at 46% of hatcheries, and loggerhead
nests at 18% of hatcheries. No leatherback nests were
incubated at hatcheries during the study period.
The 11 hatcheries acquired their eggs from a total of
15 beaches (Figure 1; Table 2; average of 2.8 beaches
per hatchery, range 1-4) in south-west Sri Lanka, with
all but one hatchery acquiring eggs from up to 20 egg
collectors (Table 3). Survey participants described nests
being transported up to 20km (Table 2) in a bucket,
plastic bag, or cardboard box by foot, three-wheeler,
bicycle, or bus. Multiple clutches were often mixed during
transport (Rajakaruna, unpubl.). Hatcheries purchased
all available, unbroken eggs. Egg price was LKR 10-15
(Sri Lankan Rupees) at the peak of the nesting season and
LKR 20-25 when nesting numbers decreased (Table 3).
The time between collection of eggs and reburial in
the hatchery was more than 2hr at 73% of hatcheries
(Table 2). Nests were incubated at a density of 1-3/m2
and depth of 45-70cm (Table 4). The reported average
hatching success of nests for all species was 82% (range
65-99%) (Table 4); average hatching success by species
across all hatcheries was 84% (range 65-99%) for green
turtles, 81% for olive ridley turtles (range 65-95%),
77% for hawksbill turtles (range 65-90%) and 85% for
loggerhead turtles (range 80-90%). Once emerged, many
hatchlings were held for a short period (1-3d) or longer
(2wk) before release, while some were held for 3-4yr for
display purposes (Table 5). Animals held at the hatcheries
were housed in permanent, salt-water concrete tanks.

DISCUSSION
A comparison of the 11 hatcheries operating in 2015 (this
study) with the seven recorded in the same area in 2010
(Rajakaruna et al. 2013) demonstrated the variability of
hatchery operations in Sri Lanka; five new hatcheries
have opened since 2010, two appear to have closed at least
temporarily, and four have continued their operations.
This reflects the observation by Amarasooriya (2004) that
hatcheries in this country may open and close at various
intervals. Based on the responses of survey participants,
this study estimated ~2,560 nests were collected annually
among the 11 hatcheries identified during our study,
suggesting a comparable number of eggs transferred to
hatcheries in 2015 as the most recently estimated 300,000
eggs among nine hatcheries in 2000 (Amarasooriya, 2004).
From the self-reported descriptions of egg collection and
handling, nest incubation, and hatchling emergence and
holding procedures of these 11 hatcheries in southwestern
Sri Lanka in 2015, three practices were identified as
potentially limiting hatching success and hatchling
fitness. The first is the time between collection of nests
from the nesting beach and reburial in the hatchery.
Eight of the 11 hatcheries reported that several hours may
pass between the time the eggs are collected and when
they arrive at the hatchery. The reported time does not
include the interval between oviposition and collection
of the eggs, as 10 of the 11 hatcheries source their eggs
from collectors at dawn (Rajakaruna, unpubl.). It follows
that eggs moved to hatcheries in south-west Sri Lanka
may be several hours or several days old (Hewavisenthi
& Kotagama, 1991; this study) and transported in a
bucket, bag or box by bicycle or bus etc where movement
of the eggs is likely to occur (this study). This is longer
than the recommended time between oviposition and
reburial when nests are moved (2hr by Parmenter,
1980; 3hr by Harry & Limpus, 1989) and likely to result
in increased rates of embryo mortality and decreased
hatching success (Limpus et al., 1979; Parmenter, 1980.
Given the extended time between nests being laid and
reburied, the rates of hatching success (see Phillott et al.,
2018) reported by hatcheries participating in this study is
surprising. Few hatcheries maintain records (Rajakaruna
et al., 2013; this study) and historical information was lost
during the 2004 Indian Ocean tsunami (Rajakaruna et al.,
2013), so more accurate data to calculate the mean and
range of hatching success for nests incubated at hatcheries
in Sri Lanka using the reported methods of egg collection
and transport are currently unavailable. In addition, most
hatcheries estimate hatching success by counting the
number of hatchlings emerged from a nest and not by
excavating the nest contents, whereas the more accurate
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Cm, Lo
150 nests
1km, 0.25hr

Cm, Ei, Lo
70 nests
10km, 7hr

Kaikawala

Peraliya

Mudumpe

Mahamodara

Kosgoda

Kaluwella

Kahawa

Cm, Lo
150 nests
5km, 6hr

Cm, Ei, Lo
70 nests
8km, 5hr

Cm, Ei, Lo
30 nests
1km, 5hr

Cm, Lo
50 nests
1km, 5hr

Cc, Cm, Dc, Ei, Lo Cm, Dc, Ei, Lo
200 nests
100 nests
20km, 8hr
15km, 5hr

Induruwa

Galbokka

Dadalla

Bentota

Balapitiya

Akurala

Ahungalla

Beach

Cm, Ei, Lo
100 nests
1km, 5hr

Cm, Lo
64 nests
8km, 5hr

Cm, Ei, Lo
60 nests
1km, 4hr

Cm, Lo
50 nests
8km, 4hr

Cm, Lo
30 nests
1km, 2hr

Cm, Ei, Lo
50 nests
25km, 3hr

Cm, Ei, Lo
70 nests
10km, 2hr

Hatchery
Arun &
Bentota
Induruwa
Kosgoda
Amal Turtle
Sea Turtle
Marine Turtles
Sea Turtle
Sea Turtle
Sea Turtle
Conservation & Conservation &
Protecting
Hatchery,
Conservation, Conservation
Research Center, Research Project,
Center, Kosgoda Ambalangoda
Indurawa
Project, Kosgoda
Kosgoda
Bentota

Cm, Lo
30 nests
1km, 4hr

Cm, Lo
50 nests
5km, 4hr

Cm, Lo
30 nests
1km, 0.5hr

Cm, Lo
25 nests
3km, 0.5hr

Cm, Lo
25 nests
3km, 0.5hr

Cm, Ei, Lo
100 nests
10km, 6hr

Cm, Lo
50 nests
6km, 6hr

Cm, Lo
150 nests
6km, 0.5hr

Cm, Lo, Ei
300 nests
2km, 6hr

Cm, Lo
100 nests
6km, 6hr

Victor Hasselblad
Sea Turtle
Sea Turtle
The Wunderbar Turtle Hatchery
Sea Turtle
Hatchery &
Hatchery Center, Turtle Project,
Galbokka,
Conservation &
Rescue Center,
Mahamodara
Bentota
Galbokka
Research Center,
Peraliya
Kosgoda
Cm, Ei, Lo
100 nests
4km, 6hr
Cm, Lo
50 nests
4.5km, 4hr
Cc, Cm, Dc, Ei, Lo
200 nests
10km, 6hr

Table 2. Source beaches and handling distances and times for sea turtle nests relocated to hatcheries in southwestern Sri Lanka. Each cell indicates sea turtle species
(Cc- loggerhead; Cm- green; Dc- leatherback, Ei- hawksbill, Lo- olive ridley), total # nests collected annually from that beach, maximum transport distance (km) to the
hatchery, and maximum time (hr) between egg collection and reburial in the hatchery as reported by survey participants.
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1

0.25

Range Max.
Transport
Distance (km)

Range Max.
Transport
Time (hr)
6-8

5-20

420

5

1-15

250

5

1-8

164

4

1-8

200

2-3

1-25

150

4

1-5

150

0.5

1-3

80

6

6-10

150

0.5

6

6

2-10

700

4

1
150

Victor Hasselblad
Sea Turtle
Conservation &
Research Center,
Kosgoda

Turtle
Hatchery
Galbokka,
Galbokka

- No information provided

Arun and Amal Turtle Conservation and Research Center
Bentota Sea Turtle Conservation and Research Project
Induruwa Sea Turtle Conservation
Kosgoda Sea Turtle Conservation Project
Marine Turtles Protecting Center
Sea Turtle Hatchery
Sea Turtle Hatchery and Rescue Center
Sea Turtle Hatchery Center
The Wunderbar Turtle Project
Turtle Hatchery Galbokka

Hatchery
8
7
10
10
15
20
20
3
6
20

# Egg Collectors

20
20
15-20
12
10-25
10-20
20
15
15-20

Green

20
18
15-20
12
10-25
10-20
20
15
8-20
15-20

15-20
12
10-20
15
15-20

Price Per Egg (Sri Lankan Rs)
Olive Ridley
Hawksbill

20
10-25
-

Loggerhead

Table 3. Number of egg collectors supplying hatcheries in southwestern Sri Lanka and purchase price per egg (LKR; Sri Lankan Rupees). A range of prices indicates
the cost per egg from the peak of the turtle nesting season to when nesting numbers are low.

150

Total # Nests

Arun &
Bentota
Induruwa
Kosgoda
Sea Turtle
Amal Turtle
Sea Turtle
Marine Turtles
Sea Turtle
Sea Turtle
The Wunderbar
Sea Turtle
Sea Turtle
Hatchery &
Beach
Conservation & Conservation &
Protecting Center, Hatchery,
Hatchery Center, Turtle Project,
Conservation, Conservation
Rescue Center,
Research Center, Research Project,
Kosgoda
Ambalangoda
Mahamodara
Bentota
Indurawa
Project, Kosgoda
Peraliya
Kosgoda
Bentota
Cm, Lo
Seenigama
20 nests
2km, 4hr
Cc, Cm, Dc, Ei, Lo
Thotawaththa
90 nests
4km, 4hr
# Source
1
3
4
2
3
3
4
3
2
Beaches

Hatchery

Table 2 cont.
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13

14
2

3

2

2

3

2

2

2

2

2

Bentota Sea Turtle
Conservation & Research
Project

Induruwa Sea Turtle
Conservation

Kosgoda Sea Turtle
Conservation Project

Marine Turtles Protecting
Center

Sea Turtle Hatchery

Sea Turtle Hatchery & Rescue
Center

Sea Turtle Hatchery Center

The Wunderbar Turtle Project

Turtle Hatchery Galbokka

Victor Hasselblad Sea Turtle
Conservation & Research
Center

- No information provided

1

Nest Density
(/m2)

Arun & Amal Turtle
Conservation & Research
Center

Hatchery

45

60

60

70

60

45

60

60

70

60

60

Nest Depth
(cm)

65

90

80

85

90

90

80

70

99

97

75

2

2

2

2

2

3

2

2

3

2

-

45

45

45

45

45

45

45

45

45

45

-

Nest Depth
(cm)

65

90

70

80

90

90

80

70

95

90

75

2

-

2

-

-

3

-

2

3

-

-

45

-

60

-

-

45

-

60

60

-

-

Nest Depth
(cm)

65

-

70

-

-

90

-

70

90

-

-

-

-

-

-

-

2

-

-

2

-

-

-

-

-

-

60

-

-

60

-

Nest Depth
(cm)

-

-

-

-

-

80

-

-

90

-

Hatching
Success (%)

Loggerhead Turtle Nests

Hatching
Nest Density
Success (%)
(/m2)

Hawksbill Turtle Nests

Hatching
Nest Density
Success (%)
(/m2)

Olive Ridley Turtle Nests

Hatching
Nest Density
Success (%)
(/m2)

Green Turtle Nests

Table 4. Incubation conditions and hatching success at sea turtle hatcheries in southwestern Sri Lanka.
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Table 5. Hatchling release and holding conditions at sea turtle hatcheries in southwestern Sri Lanka.
Hatchery

Time Between Hatchling
Emergence and Release

Hatchling
Tourist/Local
Release Time Observers

Arun and Amal Turtle Conservation and Research Center

100 %- 2wk

> 5.30pm

Yes

Bentota Sea Turtle Conservation and Research Project

100%- 1-2d

> 6.00pm

Yes

Induruwa Sea turtle Conservation

80%- day of emergence
20%- 3-4d

> 5.30pm

Yes

Kosgoda Sea Turtle Conservation Project

95%- day of emergence
5%- kept for display

> 6.30pm

Yes

2-3 hatchlings- 3-4yr
10-15 hatchlings- 2-4d
Remainder- day of emergence

> 5.30pm

Yes

100%- 2-3d

> 6.00pm

Yes

Sea Turtle Hatchery and Rescue Center

100%- day of emergence

> 6.30pm

Yes

Sea Turtle Hatchery Center

100%- day of emergence

> 10.00pm

No

100%- 2-3d

>8.30pm

Yes

10-15 hatchlings- 2-3d
Remainder- day of emergence

> 5.30pm

Rarely

Victor Hasselblad Sea Turtle Conservation and Research
Center

90%- day of emergence
10%- 2-4d

6.00-10.00pm

Yes

estimation is using that described by Miller (1999).
Such uncertainty in the self-reported hatching success
makes it difficult to assess the hatchery management
practices and their impact on hatchling production.

hatcheries. Hatchlings are often held for several days,
with explanations such as reducing the likelihood of
marine leeches (Hewavisenthi & Kotagama, 1990)
or predatory fish (Perera, 1986 in Richardson, 1996)
attacking the hatchling at the abdominal scale where
the yolk was absorbed. However, there has been no
documented observation of this event occurring in the
wild or captivity and it is, therefore, an inadequate and
unvalidated reason for holding hatchlings before release.
Richardson (1996) suggests the primary objective for the
practice is to attract tourists. However, holding hatchlings
for several days after emergence at hatcheries in Sri Lanka
has been demonstrated to significantly reduce both crawl
speed (Hewavisenthi & Kotagama, 1990; Balsalobre &
Bride, 2016) and swimming stroke rate (Amarasooriya,
2004; Balsalobre & Bride, 2016) over time. These findings
are similar to studies on hatchery management practices
conducted in Malaysia (Pilcher & Enderby, 2001; van der
Merwe et al., 2013) and Japan (Okuyama et al., 2006).
Therefore, the practice is likely to reduce hatchling fitness
and survival at sea and should be discontinued immediately.

Marine Turtles Protecting Center

Sea turtle Hatchery

The Wunderbar Turtle Project
Turtle Hatchery Galbokka

The second hatchery management practice of concern is
the reported nest density up to 3 per square metre. Only one
hatchery in our study maintained the suggested distance
of 1m between adjacent nests (Mortimer, 1999). Higher
nest densities in experimental settings result in higher
nest temperature and CO2 concentration and reduced O2
concentration, which may cause embryo mortality (see
Honarvar et al., 2008). The reported nest depth in the
hatcheries is unlikely to reduce hatching success, and the
piling of sand over nest (as frequently observed during this
study and reported previously by Rajakaruna et al., 2013)
is less likely to effect embryonic survival than the interval
between oviposition and reburial of eggs and nest density.
The holding of hatchlings after emergence is the
third management practice of concern in Sri Lankan
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Our concerns are similar to those already expressed about
the time interval between eggs being laid and relocated
to hatcheries (Hewavisenthi & Kotagama, 1991) and the
holding of hatchlings (Hewavisenthi & Kotagama, 1990;
Amarasooriya, 2004; Rajakaruna et al., 2013; Balsalobre &
Bride, 2016) at hatcheries in Sri Lanka and we, too, call for
centrally licensed, regulated and monitored hatcheries to
ensure egg collection and movement and nest incubation
practices minimise the risk of early embryonic death and
result in high hatching success. As hatcheries in Sri Lanka
may play an important role in making visitors aware of
the threats to sea turtles, we suggest that predominantly
deformed hatchlings or injured turtles (such as those
rescued from fishing gear) be kept for display and a
minimal number of hatchlings be held for this purpose.
Hatchlings emerging from nests in Sri Lankan hatcheries
at night should be released immediately; hatchlings
emerging during daylight hours when there is additional
threat of dehydration, heat stress or predation should be
kept in dark, dry conditions such as those suggested by
Mortimer (1999) and SToI (2011) before release at dusk.
We also recommend that nest protection strategies on
the nesting beach be further considered. For example,
Ellepola et al. (2014) report the successful use of wire
cages to protect in situ sea turtle nests from predators
at Panama on the east coast of Sri Lanka, and Turtle
Conservation Project successfully engaged prior egg
collectors as nest protectors at Rekawa (e.g. Richardson,
1994) and Kosgoda (e.g. Kapurusinghe et al., 2008)
to deter poachers. Revenue from sea-turtle related
tourism could be used to support such conservation
initiatives (for example see Rathnayake, 2016).
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INTRODUCTION

RESULTS

India is home to regionally important nesting populations
of green (Chelonia mydas), leatherback (Dermochelys
coriacea), and olive ridley (Lepidochelys olivacea)
turtles. The Wildlife (Protection) Act of 1972 protects
nesting sea turtles, their eggs, and hatchlings. However,
there has been significant consumption of turtles and
eggs, in addition to threats from predators and coastal
development (as described below) over time. Hatcheries
have been employed as an ex situ conservation strategy
in India to mitigate such threats since at least 1973
and 1974 (Valliappan & Whitaker, 1974; Biswas et al.,
1977 in Pandav et al., 2006), but details of their specific
operations are sparse. Partially filling this knowledge gap
are narrative accounts of sea turtle hatchery operations in
India presented by Shanker & Kutty (2005) and Shanker
(2015) and this paper, which compiles all available
records of sea turtle hatcheries in India to infer their
potential use as a conservation strategy from proportion
of known nests protected and hatching success.

Threats to sea turtle nests and eggs that contributed
to the use of an ex situ conservation strategy and the
details available for hatchery operations are summarised
below (in alphabetical order by location; Tables 1-8).
As many records overlap in geographic area, time, and
data sets, it is not possible to quantify the number of
hatcheries but the use and productivity of hatcheries
as an ex situ conservation strategy may be inferred.

METHODS
We searched the databases Scopus, Google Scholar and
JSTOR, the Sea Turtles of India bibliography (https://
www.seaturtlesofindia.org/library/bibliography/), and
professional newsletters Indian Ocean Turtle Newsletter
and Marine Turtle Newsletter for publications and reports
on sea turtle hatcheries operating in Indian states and
territories at any time to late 2017. More hatcheries may
have been in operation than those described in these
sources, as the news media (for example, Arockiaraj,
2017) name hatcheries at locations not described in
published literature or reports. However, we chose not
to include hatcheries described in news stories due to
questions about the reliability of location, number of nests
or eggs protected, and/or number of hatchlings released.
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Andaman and Nicobar Islands
There is little publicly available information about
hatcheries operating in the Andaman and Nicobar Islands.
Andrews et al. (2001) describe hatcheries to which green,
hawksbill, and leatherback turtle nests of unknown
numbers were relocated in the decade prior to their study
commencing in the 2000/01 nesting season: Ramanagar
Beach (North Andaman), Smith Island (North Andaman),
Cuthbert Bay (Middle Andaman Island), Rutland Island
(South Andaman), and Galathea Beach (Great Nicobar
Island). However, relocation of nests to hatcheries at
Smith Island and Cuthbert Bay ceased in the 2000/01
nesting season due to concern about the low hatching
success (30-45%) when compared with in situ nests (80100%). In 2001/02, hatchery practices at Galathea Beach
were modified (further information not provided) so that
hatching success rose to 75-100% from that previously
recorded (25-35%) (Andrews et al., 2001). Nests laid
below the high tide line at Galathea Beach continued to be
relocated to the hatchery in 2003/04 and 2004/05 nesting
seasons (Andrews et al., 2006). A paper by Jadeja et al.
(2016) indicates the ongoing operations of a hatchery
at Galathea Bay after the 2004 Indian Ocean tsunami.
Threats to sea turtle eggs and hatchlings in the region
include human consumption (note: indigenous peoples
of the Andaman and Nicobar Islands are exempt from the
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Table 1. Records of olive ridley nests relocated to sea turtle hatcheries in Andhra Pradesh. Numbers of nests, eggs,
hatchlings, and hatching success may not be representative of the entire nesting seasons indicated. ‘-’ indicates no
information reported. An.- annually. Av.- Average.
Nesting
Season/s
2010/11

# Nests &/or
# Eggs
-

Hatching Success (HS)
&/or # Hatchlings
-

Visakhapatnam district, Srikakulam and
Visakhapatnam

2010/11

54 nests; 5,832 eggs

Av. HS 84%

VSPCA, 2011

Visakhapatnam district, Bheemli, Jodugullapalem,
Rushikonda & Visakhapatnam

2011/12

181 nests; 21,343 eggs

Av. HS 63%*

VSPCA, 2012

Visakhapatnam district, Jodigullapalem and Yoga
Village

2012/13

74,586 eggs

Av. HS 87%

VSPCA, 2013

Visakhapatnam district, Jodigullapalem and RK
Beach

2014/15
2015/16

320 nests; 38,793 eggs
343 nests; 39,604 eggs

Av. HS 86%
Av. HS 83%

VSPCA, 2015; VSPCA,
2016

Visakhapatnam district, Jodigullapalem, Lumbini
Park, Peddanagaya palem, RK Beach & Tanthidi

2016/17

705 nests; 78,494 eggs

Av. HS 83%

VSPCA, 2017

Location
East Godavari district, Sacramento Island

Source
Saravanan et al., 2013

*
Hatching success in 2011/12 was potentially reduced due to inundation of the hatcheries after a tsunami and extreme high tides in March 2012, resulting from
the 2012 earthquakes near Indonesia

Wildlife (Protection) Act) and predation by water monitors,
feral dogs and pigs. Andrews et al. (2001) estimated that
feral dogs depredated >70% of eggs and hatchlings at
some locations, with pigs destroying an additional 10%
of nests and consuming emerging leatherback hatchlings.
Andhra Pradesh
Andhra Pradesh (AP) supports sporadically high
numbers (up to ~10,000 per season) of olive ridley turtles,
but as solitary nesting events and not the mass nesting
arribadas that occur in the adjacent state of Odisha.
Described threats to sea turtle nests and hatchlings in
AP include human consumption of eggs, depredation by
feral dogs, pigs, foxes, hyenas, and jackals, light pollution,
and aquaculture development (Rao, 1985; Tripathy,
2001; Tripathy et al., 2006, Saravanan et al., 2013).
Hatcheries from different areas were identified from

literature about sea turtles in AP (Table 1). There is little
information available about the hatchery in East Godavari
District, but reports indicate that ex situ conservation of
turtle nests in Visakhapatnam district commenced in
2010/11, after which all possible nests were relocated to
hatcheries. The number and location of hatcheries has since
varied from year to year (VSPCA, 2011, 2012, 2013, 2015,
2016, 2017) and hatching success is high (usually >80%)
when compared with that of hatcheries in other locations.
Goa
Nests and hatchlings in Goa may be threatened by human
consumption of eggs, light pollution, construction of
hotels and resorts, sand mining and non-biodegradable
waste on nesting beaches (Giri & Chaturvedi, 2006; Giri et
al., 2006). Hatcheries in Goa (Table 2) appear to protect all
nests laid on those, and some from adjacent, beaches (Giri &
Chaturvedi, 2006; Giri et al., 2006). The reported hatching
success is high (>~75%) in comparison to other locations.

Table 2. Records of olive ridley nests relocated to sea turtle hatcheries in Goa. Numbers of nests, eggs, hatchlings,
and hatching success may not be representative of the entire nesting seasons indicated. ‘-’ indicates no information
reported. Av.- average.
Location
Agonda

Galgibaga

Nesting Season/s

# Nests &/or
# Eggs

Hatching Success (HS)
&/or # Hatchlings

2000/01
2003/04

9 nests
6 nests

Av. HS 94%
-

Giri & Chaturvedi, 2006; Giri et al., 2006

1999/2000
2000/01
2001/02
2002/03

10 nests
33 nests
19 nests
14 nests

Av. HS 80%
Av. HS 75%
-

Giri & Chaturvedi, 2006; Giri et al., 2006

Sources
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Gujarat
Green and olive ridley turtles nest on the Gujarat coast,
and nests may be relocated to hatcheries in the state
to mitigate threats from human consumption of eggs,
depredation by domestic dogs, wild pigs, monitor
lizards, hyenas and jackals, and pollution such as oil,
industrial effluent, sewage, and debris (Sunderraj et al.,
2006a). Many of the known nests on monitored beaches
in Gujarat are protected in hatcheries (see Sunderraj
et al., 2006; Goswamy et al., 2013) but large number
of nests will also remain in situ. Hatching success of
nests relocated to hatcheries ranges from ~20-90%
(Table 3; note the record of leatherback eggs also).
Karnataka
Olive ridley turtles (and potentially greens or
leatherbacks- see Sharath, 2006) nest sporadically in
Karnataka. Hatcheries in the state (Table 4) may operate
for short periods of time (as little as a year) and protect
low numbers of nests annually (K. Shanker and M.
Manoharakrishnan, pers.comm.). Threats to nests and
hatchlings include human consumption of eggs, light
pollution, depredation by domestic and feral dogs,
and beach erosion and loss due to the construction of
seawalls (see Sharath, 2006). Nest counts for Dakshina
Kannada, Udupi, and Uttara Kannada districts (Sharath,
2006; Pandit & Soans, 2013) suggest that all known
nests may be relocated to hatcheries, where the average
hatching success varies between ~15-97% (Table 4).

Odisha
Olive ridley turtle arribadas or mass nesting events have
been reported from three beaches in Odisha, Devi River
mouth, Gahirmatha and Rushikulya, while much of
the rest of the state’s coastline supports solitary nesting
turtles of the same species (see Pandav et al., 2006; Kar
& Peters, 2013). As the mass nesting events may exceed
1 lakh (i.e. 100,000) individual turtles annually, only a
small proportion of the nests laid in Odisha each year
are likely to be relocated to a hatchery. We found records
of hatcheries in four districts, but only one specific
location (Table 7). Limited information about hatching
success is available, but suggests that a high proportion
(>90%) of relocated eggs hatched in two years of study.
Tamil Nadu

Olive ridley eggs and hatchlings in Kerala experience
similar threats to those elsewhere in India: human
consumption of eggs (Dileepkumar & Jayakumar, 2006;
Bhupathy, 2007), depredation by feral dogs and jackals
(Damodar, 2002), light pollution, and beach erosion and
loss due to the construction of seawalls (Pareparambil
& Mathew, 2013). We identified sea turtle hatcheries
from publications and reports, with ~30-90% of eggs
successfully hatching (Table 5). Only a fraction of
the coast is monitored (e.g. only 8km of beach on the
71km of coastline in Kozhikode district is monitored
(Pareparambil & Mathew, 2013) but likely represents
the limited nesting habitat available due to the extensive
construction of sea walls (Dileepkumar & Jayakumar,
2006).

Only olive ridley turtles (but possibly also leatherbacks;
Arockiaraj, 2017) have been reported nesting in Tamil
Nadu in recent years (see Saravanan et al., 2013), and nests
and hatchlings are vulnerable to human consumption
of eggs (>95% of nests; Bhupathy & Saravanan, 2006)
which may be collected by professional poachers, and
depredation by jackals and domestic dogs (Bhupathy
et al., 2006). Hatcheries (Table 8) have been used
during the 45 years of near continuous monitoring and
protection of nests on beaches adjacent to Chennai by
the Madras Snake Park Trust, Central Marine Fisheries
Research Institute, Tamil Nadu Forest Department,
and Students’ Sea Turtle Conservation Network. Many
of the known nests laid on Besant Nagar and Marina
beaches are relocated to hatcheries (see Shanker, 2003;
Arun, 2011; Arun, 2013), and a comparison of annual
numbers of nests on monitored beaches in Nagapattinam
(17 nests in 2003/04, 30 nests in 2004/05, and 37 nests
in 2011/12- Saravanan et al., 2013) with the number
of nests relocated to hatcheries in the district (Table
8) suggests the same situation. The reported hatching
success varies among hatcheries, from ~33%-93%.

Maharashtra

West Bengal

The number of nests protected over time at hatcheries
in Maharashtra is relatively low (see Table 6), reflecting

Olive ridley turtles nest in low densities on beaches of the
mainland and islands throughout the Sunderbans in West

Kerala
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the low numbers of nesting olive ridley and, sporadically,
green turtles in the state (Giri & Chaturvedi, 2006).
Katdare (2013) reported that all known nests on
monitored beaches are transferred to hatcheries, with
the average hatching success around 50% (Table 6).
Conservation of sea turtle nests in hatcheries occurs
to mitigate threats from human consumption of eggs,
chemical pollution, and sewage (Giri & Chaturvedi, 2006).

Olive ridley
Olive ridley, leatherback
Olive ridley
Olive ridley
Green
-

Kachchh district, Nalia

Green
Olive ridley

Green
Olive ridley
Green, olive ridley

Porbander district, Rangbai

Porbander district, Tukda Miyani

Green

Porbander district, Positra

Kachchh district, Nana-Layja

Olive ridley
Olive ridley
Green, olive ridley
Olive ridley
Olive ridley
Green

Olive ridley

Green, olive ridley

-

Kachchh district, Mandvi

Kachchh district

Junagadh district, Madhavpur

Junagadh district, Mangrol (inland)
Junagadh district, Sapur Beach (inland)

Green

Green, olive ridley

Junagadh coast

Junagadh district, Kodinar

Green, olive ridley
Green, olive ridley

Turtle/s

Bhavnagar district, Hathab
Bhavnagar district, Piram Is.

Location (District, Beach/Village)

2004/05
2004/05

2004/05
2004/05
2007/08-2011/12

2010/11

1985/86-1986/87
2000/01
2001/02
2004/05
2005/06
2005/06

1990/91-1992/93
1999/2000
2000/01
2001/02
2004/05-2005/06
2006/07-2007/08
2007/8-2011/12

2000 (?)

1993/94-1996/97
1998/99-1999/2000
2005/06-2011/12

Visited in 1987
Visited in 1987

2004/05
2006/07
2008/09-2010/11

2004/05-2010/11

1987/88-1989/90
1987/88-1989/90

Nesting Season/s

45 nests, 4,545 eggs
24 nests, 2,425 eggs

82 nests, 8,188 eggs
23 nests, 2,514 eggs
96 nests, 9,080 eggs

13 nests

199 eggs
321 eggs
210 eggs
533 eggs
135 eggs
108 eggs

6,700 eggs
37 nests, 4,395 eggs
4,399 eggs
1,273 eggs
2,002 eggs
1,491 eggs
69 nests, 7,752 eggs

37 nests

34,915 eggs

-

4,170 eggs
2,982 eggs
20, 847 eggs

371 nests, 31,507 eggs

# Nests &/or
# Eggs Collected
10,689 eggs
40,195 eggs

Av. HS 71%
Av. HS 69%

Av. HS 73%
Av. HS 767%
Av. HS 86%

-

Av. HS 72%
Av. HS 48%
Av. HS 66%
Av. HS 69%
Av. HS 53%
Av. HS 60%

Av. HS 64%
Av. HS 41%
Av. HS 32%
Av. HS 59%
Av. HS 68%
Av. HS 79%

-

49,161 hatchlings
98,005 hatchlings
Av. HS 81%

-

Av. HS 80%
Av. HS 76%
Av. HS 21%

Av. HS 84%

Hatching Success (HS)
&/or # Hatchlings
Av. HS 65%
Av. HS 69%

Sunderraj et al., 2006b

Sunderraj et al., 2006b, 2013

Goswamy et al., 2013

Meena et al., 2007

Meena et al., 2007

Sunderraj et al., 2002, 2006b, 2013; Meena et al., 2007,
2009

Sunderraj et al., 2001

Frazier, 1987; Sunderraj et al., 2001, 2002, 2013

Frazier, 1987
Frazier, 1987

Goswamy et al., 2013

Sunderraj et al., 2013

Sunderraj et al., 2002
Sunderraj et al., 2002

Sources

Table 3. Records of nests relocated to sea turtle hatcheries in Gujarat. Locations have been adjusted to their current name. Numbers of nests, eggs, hatchlings, and
hatching success may not be representative of the entire nesting seasons indicated. ‘-’ indicates no information reported. An.- annually. Av.- Average.
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2006/07
2007/08-2008/09
1985/86
2006/07
2007/08-2008/09
1985/86
2006/07
2007/08-2008/09
2004-2006

Uttara Kannada district, Dhareshwara

Uttara Kannada district, Gangavali

1985/86

Uttara Kannada district, Jali Village

Uttara Kannada district, Kade Beach

Est. 2003
2006/07
2007/08

Uttara Kannada district, Kodibag Beach

Uttara Kannada district, Manki

Uttara Kannada district, Ramanagindi

Uttara Kannada district, Kasarkod Beach

Uttara Kannada district, Kagal

2006/07
2007/08
2006/07
2007/08-2008/09
1985/86

1985/86-1986/87

Uttara Kannada district, Hosahitlu (Manki)

Uttara Kannada district, Kadle (Holangadde)

1985/86
2007/08-2008/09

Uttara Kannada district, Holadgadde Beach

Uttara Kannada district, Heeregutti

Uttar Kannada district, Haldipur

Uttara Kannada district, Devbag

2006/07
2007/08-2008/09
2001/02

Uttara Kannada district, Apsarakonda

Uttara Kannada district, 3 locations

1984/85
1986/87
2005/06
2007/08-2010/11

2004-2006

Udupi district, Unnamed location

Udupi district, Bengre Beach

1984/85-1986/87

1984
1985?
1985/86

Nesting Season/s

Dakshina Kannada district, Thrasi

Karnataka coast, 40 unnamed locations
Karnataka coast, 3 unnamed locations
Dakshina Kannada district, Baindur

Location (District, Beach/Village)

163 eggs

-

-

7 nests, 712 eggs
1,802 eggs
3 nests, 278 eggs
-

-

69 nests

10 nests, 897 eggs

-

8 nests, 677 eggs
1,959 eggs
28 nests, 2,845 eggs
-

6 nests, 704 eggs
4,739 eggs

9 nests, 846 eggs
1,617 eggs
616 eggs

1,612 eggs
186 nests

2,348 eggs

89 nests

# Nests &/or
# Eggs Collected
-

Av. HS 30%

-

-

Av. HS 50%
Av. HS 97%
-

-

-

Av. HS 60%

-

Av. HS 48%
Av. HS 43%
Total 2,500 hatchlings

Av. HS 41%

Av. HS 53%
Av. HS 16%

2,560 hatchlings
Av. HS 90%
>5,000 hatchlings
-

Av. HS 76%

Range HS 20-94%

Hatching Success (HS)
&/or # Hatchlings
15,000 hatchlings
-

Chandran et al., 2012

Anonymous, 2011

Pandit & Soanes, 2013

Frazier, 1989

Anonymous, 2011a; Chandran et al., 2012

Pandit, 2008; Anonymous, 2011; Chandran et al., 2012

Frazier, 1989

Frazier, 1989

Chandran et al., 2012

Frazier, 1989

Pandit & Soans, 2013

Frazier, 1989; Anonymous, 2011; Chandran et al., 2012

Frazier, 1989; Pandit, 2008; Anonymous, 2011; Chandran et al., 2012

Pandit, 2008; Anonymous, 2011; Chandran et al., 2012

Kurian & Nayak, 2003

Pandit, 2008; Chandran et al., 2012

Pandit & Soans, 2013

Madhyastha et al., 1986 (in Sharath, 2006); Frazier, 1989

McCann, 2007

Frazier, 1989

Frazier, 1989

Appayya,1985 (in Sharath, 2006); Anonymous, 2011

Sources

Table 4. Records of olive ridley turtle nests relocated to hatcheries in Karnataka. Locations have been adjusted to their current name. Numbers of nests, eggs,
hatchlings, and hatching success may not be representative of the entire nesting seasons indicated. ‘-’ indicates no information reported. Av.- average.
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1996 onwards
1998-2012/13
1998/99-2015/16
2015/16

2002/03-2013/14

2002/03-2006/07

Nesting Season/s

An. 40-60 nests
450 nests, 44,006 eggs
Range 322-6,264 eggs
-

>151 nests

# Nests &/or
# Eggs Collected
104 nests, 13,314 eggs

Av. HS 80%
Range HS 33-89%
-

Av. HS 74%

Sources

Sreeram et al., 2016

Kutty, 2001; Bhupathy et al., 2006; Bhupathy, 2007; Laladhas
et al., 2017

Laladhas et al., 2017

Hatching Success (HS)
&/or # Hatchlings
Av. HS 75%
Kumar, 2007

Sindhudurg district, 5-11 unnamed locations
Sindhudurg district, Bhogave, Katvan, Mochemad, Shiroda, Tambaldeg, Tarkarli,
Vayangani

Ratnagiri district, Sandkhol
Ratnagiri district, Tavsal
Ratnagiri district, Velas

Ratnagiri district, Kolthare

Ratnagiri district, Guhagar
Ratnagiri district, Kelshi

Ratnagiri district, Dabhol

Raigad district, Murud Harnai
Raigad district, Murud Janjira
Ratnagiri district, 5 unnamed locations
Ratnagiri district, Anjarle

Raigad district, Maral

Raigad district, Harihareshwar

Raigad district, Akshi
Raigad district, Diveagar

Location (District, Beach/Village)
To 2008
2004/05
To 2008
2011/12
2004/05
2005/06
2011/12
To 2008
2011/12
To 2008
2005/06
2002/02-2006/07
To 2008
2011/12
2004/05
To 2008
2011/12
2011/12
2004/05
To 2008
2011/12
2004/05
To 2008
2011/12
2005/06
2011/12
2002/03-2004/05
2011/12
2007/08-2013/14
To 2008

Nesting Season/s

# Nests &/or
# Eggs Collected
1 nest
4 nests
22 nests
6 nests
4 nests, 455 eggs
4 nests
6 nests
8 nests
8 nests
3 nests
1 nest
214 nests
10 nests
1 nest
4 nests, 410 eggs
23 nests
2 nests
4 nests
1 nest, 51 eggs
9 nests
1 nest
322 eggs
21 nests
5 nests
1 nest
2 nests
94 nests, 9,868 eggs
15 nests
7,343 eggs
10 nests

Hatching Success
&/or Total # Hatchlings
237 hatchlings
Av. HS 56%
>9,000 hatchlings
Av. HS 57%
Av. HS 28%
Av. HS 26%
Av. HS 50%
Av. HS 54%
-

Sanaye & Katdare, 2009
Katdare, 2012
Katdare & Mone, 2003; Giri et al., 2006; Katdare,
2012
Andhare & Hatkar, 2015
Sanaye & Katdare, 2009; Sanaye & Pawar, 2009

Giri et al., 2006; Sanaye & Katdare, 2009; Katdare,
2012

Katdare, 2012
Giri et al., 2006; Sanaye & Katdare, 2009; Katdare,
2012

Giri et al., 2006; Sanaye & Katdare, 2009; Katdare,
2012

Sanaye & Katdare, 2009
Sanaye & Katdare, 2009
Katdare, 2008
Sanaye & Katdare, 2009; Katdare, 2012

Sanaye & Katdare, 2009; Katdare, 2012

Giri et al., 2006; Sanaye & Katdare, 2009; Katdare,
2012

Sanaye & Katdare, 2009
Giri et al., 2006; Sanaye & Katdare, 2009; Katdare,
2012

Sources

Table 6. Records of olive ridley nests relocated to sea turtle hatcheries in Maharashtra. Locations have been adjusted to their current name. Numbers of nests, eggs,
hatchlings, and hatching success may not be representative of the entire nesting seasons indicated. ‘-’ indicates no information reported. Av.- Average.

Thrissur district, Palapetty beach

Kozhikode district, Kolavipalam

Calicut district, Kolavi & Kasaragod district, Thaikadappuram
Kozhikode district, Kolavipalam
Kasaragod district, Thaikadappuram

Location

Table 5. Records of olive ridley nests relocated to sea turtle hatcheries in Kerala. Locations have been adjusted to their current name. Numbers of nests, eggs,
hatchlings, and hatching success may not be representative of the entire nesting seasons indicated. ‘-’ indicates no information reported. An.- annually. Av.- Average.
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23

24
-

2012/13
2009-16

Nesting Season/s

-

-

# Nests &/or
# Eggs Collected
195 nests
~30 nests
Kar & Peters, 2013
Kar & Peters, 2013
Kar & Peters, 2013

-

Behera & Kar, 2013
Chandarana et al., 2017

-

Hatching Success (HS)
&/or # Hatchlings
Av. HS 95%
Av. HS 63%
Source

Union Territory of Puducherry, Puducherry

Nagapattinam district, Koolaiyar, Madavamedu, Point Calimere, Tharangambadi &
Vanagiri

Nagapattinam district, Point Calimere, Vanavan mahadevi & Vizhundamavadii

Nagapattinam district, Point Calimere, Arcotthurai & Vanavan mahadevi

Nagapattinam district, Point Calimere

-

-

14,366 eggs

30,771 eggs

1983/84
2005/06-2008/09

30,046 eggs

14 nests, 1,586 eggs
1982/83

2000

10 nests, 1,152 eggs
197 nests, 21,760 eggs

1973/74
1974/75-78/79

Chennai district, Thiruvanmiyur

6 nests, 718 eggs

2006, 2007

Chennai district, Periya Neelankarai

10 nests, 1,137 eggs

69 nests

20 nests, 2,037 eggs

2006, 2007

1998-99

2006, 2007

197 nests

Chennai district, Panaiyur Kuppam

Chennai district, Nilankarai

Chennai district, Nainar Kuppam

1974-77

Chennai district, Madras Snake Park Trust

1,014 nests

134 nests
285 nests
44 nests
1 nest, 100 eggs

1978-1983

504 nests, 59, 472 eggs

1989-2011
2013
2007

# Nests &/or
# Eggs Collected

1988/89-1991/92

Nesting Season/s

Chennai district, Kovalam

Chennai district, Injambakkam

Chennai district, Besant Nagar & Marina Beaches

Chennai district, Adyar River to 30km south

Location

-

Av. HS 49%

Av. HS 84%

Av. HS 81%

Av. HS 76%

Av. HS 73%
Av. HS 60%

Av. HS 72%

Av. HS 21%

~6,000 hatchlings

Av. HS 64%

-

Av. HS 33%

43,106 hatchlings
22,000 hatchlings
Av. HS 93%

Av. HS 66%

Hatching Success
&/or Total # Hatchlings

Sivakumar et al., 2016

Velusamy & Sundararaju, 2009

Rahaman et al., 1985

Rahaman et al., 1985

Baruah, 2001

Valliappan & Whitaker, 1974; Whitaker, 1979

Dharini, 2007

Dharini, 2007

Gopal et al., 2000

Dharini, 2007

Bhupathy et al., 2006

Silas & Rajagopalan, 1984

Anonymous, 1982; Dharini, 2007

Shanker, 2003; Arun, 2011; Arun, 2013

Shanker,1994

Sources

Table 8. Records of olive ridley nests relocated to sea turtle hatcheries in Tamil Nadu. Numbers of nests, eggs, hatchlings, and hatching success may not be
representative of the entire nesting season/s indicated. ‘-’ indicates no information reported. An.- annually. Av.- Average.

Kendrapara district
Puri district
*
nests collected from Purunabandha, Gokharkuda and Podampetta beaches

Jagatsinghpur district

Ganjam district, Ramayapatana
Ganjam district, Rushikulya hatchery*

Location

Table 7. Records of olive ridley nests relocated to sea turtle hatcheries in Odisha. Numbers of nests, eggs, hatchlings, and hatching success may not be representative
of the entire nesting seasons indicated. ‘-’ indicates no information reported. An.- annually. Av.- Average.
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Bengal (see Bhadury et al., 2013). Threats to sea turtle
nests and hatchlings include human consumption of eggs
(Raut & Nandi, 1988), and depredation of ~50% of nests
by animals such as water monitors and wild boar (Gani,
2000; Chowdhury et al., 2006; Bhadury et al., 2013).
Some of the early studies in India on sea turtle egg,
hatchling, and incubation parameters were conducted
on nests relocated to three hatcheries in West Bengal
(Table 9). The most recent estimates of nest numbers in
the state were 1,564 nests in the 2000/01 nesting season
and 87 nests in 2001/02 (Chowdhury et al., 2006) while
no nests were found during a survey late in the 2010/11
season (Bhadury et al., 2013). Therefore, it appears
that a relatively low proportion of nests in West Bengal
may have been relocated to hatcheries in the past. The
reported hatching success is low (~10-50%), potentially
due to the long-distance transport of eggs from islands
(Kalash, Kanak, Mechua and Sainmari- Raut & Nandi,
1985; Chowdhury et al., 2006) to hatcheries days after
oviposition. For example, Sanyal (1984) describes the
transport of clutches that were 24hr and “slightly older”
by boat from an unnamed island to Sajnekhali; the
transport time is not described but the distance given is
>100km so the time for relocating nests is likely to exceed
that recommended as a best practice (see Limpus et al.,
1979; Parmenter, 1980; Mortimer, 1999; SToI, 2011).
DISCUSSION
There has been widespread use of hatcheries over time
in India to protect sea turtle nests against predators and
poachers and other human activities. The number and
longevity of hatcheries in each state or district varies
and should not be the sole indicator of conservation
effort. Local factors such as nesting numbers and
density, availability of resources, and involvement of
volunteers may determine whether a large number of
hatcheries operate for short periods at different times
(e.g. hatcheries in Karnataka) or fewer hatcheries
operate for decades (e.g. as seen in the Andaman
and Nicobar Islands and Chennai, Tamil Nadu).
This review reveals varied rates of hatching success for

nests relocated to hatcheries in India, albeit within the
ranges described for hatcheries elsewhere in the region
(see Phillott, 2018; Phillott et al., 2018 a, b). As the
majority of nests in some states (e.g. Gujarat, Maharashtra
and Karnataka) and the majority of nests on important
beaches in other states (e.g. Besant Nagar in Tamil Nadu)
are relocated to hatcheries, it is important to understand
how the hatchling production of this ex situ conservation
strategy can be optimised. The lack of detailed information
about hatchery practices in the available literature does not
allow us to identify specific practices (e.g. egg collection,
handling, and transport techniques (see Limpus et al.,
1979; Parmenter, 1980; Mortimer, 1999; SToI, 2011) that
could be modified to improve hatching success. Further
research will now be conducted to acquire relevant details
through face to face interviews with hatchery personnel.
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Two species of sea turtle have been recorded to nest
regularly in Bangladesh, olive ridley turtles in greater
numbers than green turtles, with additional reports
of rare nesting events by hawksbill turtles and a single
nesting event by a leatherback turtle (Islam, 2002a).
Nesting occurs on the mainland of Cox’s Bazar district,
including Bordal, Inani, Kochopia and Monkhali beaches
of Teknaf Peninsula, and coastal islands in Cox’s Bazar
and Chittagong districts. including Hatiya, Kutubdia,
Moheskhali, Sandweep, Sonadia and St. Martin’s Islands
(Islam 2002a, 2002b; Hossain et al. 2013a, 2013b).
Nesting also occurs on additional areas of the Bangladesh
coastline and islands in the Sundarbans mangrove forest
(Islam, pers.comm.), but has not yet been published.
Sea turtles that nest in Bangladesh are included in
Schedule-I of the Bangladesh Wildlife Act (Preservation
and Protection) of 2012. Historically, nests and hatchlings
on island and mainland beaches have been threatened
by poaching of eggs for consumption by communities
in the Chittagong Hill Tracts, predation of nests by wild

dogs (Islam, 2002a) and monitor lizards (Islam, 2002b),
disorientation caused by beachside lighting, and manmade obstructions on nesting beaches, and alteration of
the nesting beach by stands of Casuarina sp. (Islam et al.,
2011). In contrast to other locations (cf. India, Pakistan
and Sri Lanka; this issue of IOTN) both governmental
(GO) and non-governmental (NGO) organisations,
including Centre for Advanced Research in Natural
Resources & Management (CARINAM) (Rashid & Islam,
1999), Center for National Resource Studies (CNRS),
Coastal and Wetlands Biodiversity Management Practices
(CWBMP), MarineLife Alliance (MLA) and Sundarbans
Management Project (SMP), have previously operated
hatcheries in Bangladesh to reduce the loss of turtle nests
to poaching and predation (Hossain et al. 2013a, 2013b).
The NGO MarineLife Alliance has been the sole operator
of sea turtle hatcheries in Bangladesh since 2013, with
up to 33 hatcheries in five areas on the southwestern
coast (Figure 1; Islam, pers.comm.) in any given year.
MarineLife Alliance has either relocated turtle nests to
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Figure 1. Location of sea turtle hatcheries in Bangladesh,
2015/16.

and incubation of eggs in hatcheries in the past have been
successful and should be continued. It would be helpful
for other hatcheries in the region if relevant protocols
could be published or otherwise shared. Potential areas
for future work in Bangladesh include a comparison of
hatchling sex ratios among those in situ and or relocated
to hatcheries or elsewhere on the beach, and monitoring of
environmental conditions within nests in these locations.
ACKNOWLEDGEMENTS
Zahirul Islam of MarineLife Alliance kindly provided
insight into the organisation’s operation of sea turtle
hatcheries.
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a position within 5-10m of the original nest location or
to a more distant hatchery. The short-distance relocation
of eggs on the nesting beach resulted in a hatch success
of 92% (±5.2 SD) for 43 olive ridley turtle nests in
2009/10 (Islam et al., 2011). Reports of nests relocated to
hatcheries also demonstrate a high hatch success of ~85%
from 17,852 eggs (132 olive ridley and four green turtle
nests) in 1996 (Islam et al., 1999), ~88% from 31,853 olive
ridley eggs (260 nests) (Islam & Mollah, 2015), and 76%
from 738 olive ridley and green turtle nests in 2016 (Islam,
pers.comm.). Apart from this limited data available on
number of eggs and/or nests collected and hatch success,
there is a paucity of information about hatcheries in
Bangladesh. However, the hatching success reported
above indicate that practices used in collection, transport,
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Papers in Issue 27 of the Indian Ocean Turtle Newsletter
highlight the extent to which countries in South Asia use
hatcheries as an ex situ conservation strategy. Hatcheries are
often perceived as ‘safe’ places to incubate sea turtle nests.
Depending on the hatchery location and construction,
eggs may be protected from predators, poachers, tidal
inundation, and beach erosion. Hatcheries may also be
used to raise community awareness about the biology
and need for conservation of sea turtles, and provide
opportunities for community revenue through ecotourism.
However, there should be ongoing threats to eggs in
the natural environment for nests to be moved to a
hatchery, as there are disadvantages to this practice.
Hatching success in hatchery nests may be far lower
than that of natural nests on the beach if poor hatchery
management practices are employed, and sex ratios
of hatchlings can be skewed if the nest temperatures
within a hatchery differ from those on the natural
beach. Operating a hatchery following best practice
guidelines requires trained personnel and sufficient
resources to protect and monitor nests throughout the
nesting season (Mortimer, 1999; Shanker et al., 2003).

methods of egg collection and transport, hatchery nest
characteristics and density, and hatchling handling and
release, should aim to maximise the number of hatchlings
produced. Manuals relevant to the conservation of sea
turtles in countries within the Indian Ocean and South
East Asia (and globally) can be used as reference material
for hatchery operations- Eckert et al. (1999), Ahmad et al.
(2004) and SToI (2011). A visual summary of best practise
for sea turtle hatchery management is available on the
website Sea Turtles of India (https://www.seaturtlesofindia.
org/library/outreach-material/). For quick reference,
the best practices in hatchery management have been
summarised in Table 1; references to studies that
support the recommendations have also been provided.
We also recommend that hatchery managers periodically
review the need for nests to be moved from their natural
location, as changes in predator density and poaching
activities may occur over time, removing the need
for hatcheries to protect nests. Nests demonstrating
a high hatching success and with a low risk of egg loss
from depredation, poaching, tidal inundation, erosion,
microbial invasion, etc should remain where they are laid.

Considering the disadvantages of incubating eggs in
a hatchery, sea turtle nests should preferably remain
in situ for the duration of the incubation period. Nests
can be protected in their original location, for example,
caged (Kurz et al., 2011) or meshed (e.g. O’Connor et al.,
2017) to exclude predators, or relocated to a higher site
on the beach if laid close to the high tide line (e.g. Tuttle
& Rostal, 2010). Community awareness and conservation
initiatives have proved successful at reducing the loss of
nests to poachers (e.g. Rajakaruna et al., 2009; West, 2010),
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• Minimise movement and use of lights until turtle begins laying, to minimise disturbance and the risk the turtle will return to
the sea without nesting.
• Catch eggs as they are being laid by hand or into a clean plastic bag (be careful not to disturb the turtle by touch or
movement during oviposition), or mark location of nest with a length of rope or coloured tape reaching from eggs to beach
surface and remove eggs once turtle has finished nesting. Do not probe for nests with a stick or other Implement, to avoid
destroying eggs.

Egg collection

Egg handling and • Rebury eggs in hatchery within 2-3hr of oviposition to minimise embryo mortality.
transport
• Eggs to be transported short distances more than 2hr after oviposition should be removed from the nest without vertical or
horizontal rotation and egg orientation indicated by marking the top of eggs with a soft pencil. Original orientation should be
maintained during transport.
• Transport of eggs for long distances and/or long travel times may require low-temperature or hypoxic environments to
maintain embryo viability.
• Transport eggs in rigid containers to minimise rolling and potential embryo mortality.

Reburial of nests • Rebury eggs in a location within the hatchery that mimics the natural nest environment.
• Dig hatchery nest to the same depth as the natural nest.
• Mimic the shape of natural sea turtle nests (usually flask shaped with a narrower neck than base).
• Place eggs Individually into the nest; do not ‘pour’ eggs from a bucket or bag.
• Cover the eggs with moist sand removed during nest construction; do not expose eggs to dry sand as there is a risk of
desiccation.
• Incubate a single cutch in the same hatchery nest; do not split clutches between nests, or combine clutches from different
nests.

Mortimer et al. (1999), Shanker
et al. (2003), Ahmad et al.
(2004); Maulany et al. (2012)

Mortimer et al. (1999), Shanker
et al. (2003), Ahmad et al.
(2004)

• Enclose hatchery in fence constructed of chain link, wire mesh, barbed wire, cane, bamboo or slats as available.
• Reinforce the base of the fence with 1-2m of 0.5cm-1.0cm mesh, buried to 50cm deep to prevent entry of burrowing
predators.
• Minimise the risk of lethal nest temperatures, especially late in incubation, by partially shading the hatchery with a material
such as shade cloth or coconut thatch, or shading individual nests with thatch baskets. Permanently shaded hatcheries
should monitor their nest temperatures to reflect those of in situ nests, to avoid skewing hatchling sex ratios from natural.

Hatchery
construction
(incl shading)

• Maintain a density of 1 nest/m2 to minimise the effects of adjacent nests on temperature and respiratory gas availability,
and allow space for hatchery workers to move.

Mortimer et al. (1999),
Shanker et al. (2003), Ahmad
et al. (2004); Spanier (2010);
Maulany et al. (2012)

Hatchery location • Choose a location at least one vertical metre above the highest high tide line and distant from tidal creeks, streams, river
mouths etc to reduce risk of inundation or flooding and embryo mortality.
• Minimise distance between nesting beach and hatchery to reduce transport time and potential for embryo mortality.
• Provide a diversity of nest microhabitats (e.g. shade, slope) to reflect conditions on the nesting beach and avoid potentially
skewing sex ratios of hatchlings.
• Change location of hatchery every year to avoid accumulation of organic material and high microbial load. Change location
of hatchery every year to avoid accumulation of organic material and high microbial load.

Nest density

Supporting Literature

Best Practice Supporting Literature

Table 1. A summary of best management practices for sea turtle hatcheries.
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Mortimer et al. (1999),
Schäuble et al. (2002); Shanker
et al. (2003)

• Calculate incubation period as number of days between oviposition and emergence.
• Excavate nest 2-3 days after the majority of hatchlings have emerged and calculate:
a) Hatching Success= (Number of hatched eggs/Total number of eggs) x 100
b) Emergence Success= (Number of naturally emerged hatchlings/Total number of eggs) x 100
• Monitor nest temperature and hatchling sex ratio from a statistically valid proportion of nests in hatchery and compare with
data from the natural beach/es for your population of sea turtles.

• Create educational materials (e.g. posters) for visitors to the hatchery to raise awareness about sea turtle biology and
conservation.
• Encourage students and local wildlife enthusiasts to volunteer at the hatchery if possible.

• Train employees and volunteers in sea turtle biology, conservation, and hatchery management techniques.
• Provide access to general articles and manuals about sea turtle biology and hatchery practices.
• Run or co-manage the hatchery with the local community when possible.
• Collaborate with other community programmes in same area or elsewhere on the coast when possible.

Monitoring and
evaluation

Education and
awareness

Personnel

Shanker et al. (2003)

Shanker et al. (2003)

Mortimer et al. (1999), Shanker
et al. (2003), Ahmad et al.
(2004)

Hatchery records • Number each nest in the hatchery and associate with a standard data record form.
• Complete a data sheet or data book entry for each nest, including information such as date of oviposition, clutch size, date
of emergence, number of hatchlings, and (if recorded) SCL, weight, and scalation pattern.
• Collect data from emerged hatchlings restrained in enclosure e.g. emergence date, and hatchling straight carapace length
(SCL), weight and scalation pattern if possible.

• Protect nests from predators by constructing cylindrical nest enclosures of rigid material ~60cm in diameter. (Avoid rigid
Mortimer et al. (1999), Shanker
wire as it can injure hatchlings.) Bury 10cm into sand for burrowing predators and cover with mesh or net for aerial predators. et al. (2003), Ahmad et al.
(2004)
Hatching release • Predict emergence date, often 45-55 days after oviposition. The characteristic ‘caving in’ of sand above the nest indicates Mortimer et al. (1999),
emergence will usually begin within 2-3 days.
Wyneken (2000); Pilcher &
• Check enclosures every 30-60mins from afternoon to dawn and at other times when hatchlings may emerge (e.g. on
Enderby, 2001; Shanker et al.
overcast days and after rain) around the predicted emergence date.
(2003), Ahmad et al. (2004);
• Release hatchlings as soon as possible to prevent exhaustion, desiccation, loss of vigour, possible injury, or death from
van de Merwe et al. (2013)
predators.
• Release hatchlings in groups if possible to improve survival probability; however, early emergers should not be held until
more hatchlings emerge as this practice can result in loss of vigour.
• Randomise clutch release sites hundreds of metres apart to avoid creating fish feeding stations off the beach, which
increases the risk of predation.
• Allow hatchlings to crawl from the dune across the beach and enter the ocean unassisted to facilitate imprinting.
• Manage observers to ensure hatchlings are not injured or their progress to the sea impeded; parallel lines ~20m apart on
the beach give a mark for people to stand behind while hatchlings crawl between lines.
• Ensure artificial lights are shielded during hatchling emergence and release, and after they enter the ocean to minimise
disorientation.
• If hatchlings emerge in heat of day or immediate release is not possible, hold hatchlings in a soft, damp cloth or sack in
cool, dark place. Do not hold hatchlings in water as they will enter their ‘swim frenzy’ period and deplete energy reserves
needed for survival and dispersal.

Nest enclosures

January 2018

33

I n d i a n O c e a n Tu r t l e N e w s l e t t e r N o . 2 7

incubation temperature on hatchling quality in the olive ridley
turtle, Lepidochelys olivacea, from AlasPurwo National Park,
East Java, Indonesia: Implications for hatchery management.
Marine Biology 159: 2651-2661.
Mortimer, J.A. 1999. Reducing threats to eggs and hatchlings:
Hatcheries. In: Research and Management Techniques for the
Conservation of Sea Turtles (eds. Eckert, K.L., K.A. Bjorndal,
F.A. Abreu-Grobois & M. Donnelly). Pp. 175-178. IUCN/SSC
Marine Turtle Specialist Group Publication No. 4.
O’Connor, J.M., C.J. Limpus, K.M. Hofmeister, B.L. Allen &
S.E. Burnett. 2017. Anti-predator meshing may provide greater
protection for sea turtle nests than predator removal. PLoS ONE
12: e0171831.
Parmenter, C.J. 1980. Incubation of the eggs of the green sea
turtle, Chelonia mydas, in Torres Strait, Australia: The effect of
movement on hatchability. Australian Wildlife Research 7: 48791.
Pilcher, N.J. & S. Enderby. 2001. Effects of prolonged retention
in hatcheries on green turtle (Chelonia mydas) hatchling
swimming speed and survival. Journal of Herpetology 35: 633663.
Rajakaruna, R.S., D.M.Naveen, J. Dissanayake, E.M.L.
Ekanayake & K.B. Ranawana. 2009. Sea turtle conservation in
Sri Lanka: Assessment of knowledge, attitude and prevalence of
consumptive use of turtle products among coastal communities.
Indian Ocean Turtle Newsletter 10: 1-13.
Rusli, M.U. & D.T. Booth. 2016. Bigger clutch sizes save offspring
energy during nest escapes. Behavioral Ecology and Sociobiology
70: 607-616.
Schäuble, C., K. Ibrahim, A.R. Kassim, M. Hamann & J. Whittier.
2002. Monitoring hatchery success- What’s worthwhile? In:
Proceedings of the 22nd Annual Symposium on Sea Turtle Biology
and Conservation. (comp. Seminoff, J.A.). NOAA Technical
Memorandum NMFS-SEFSC-503, Pp. 308.
Sea Turtles of India (SToI). 2011. A Comprehensive Field Guide

34

to Research, Monitoring and Conservation (comps. Shenoy, S.,
T. Berlie & K. Shanker). Dakshin Foundation, Bangalore and
Madras Crocodile Bank Trust, Mamallapuram, India. Pp. 148.
Shanker, K., B.C. Choudhury & H.V. Andrews. 2003. Sea Turtle
Conservation: Beach Management and Hatchery Programmes. A
GOI-UNDP Project Manual. Centre for Herpetology/Madras
Crocodile Bank Trust, Mamallapuram, Tamil Nadu, India.
Spanier, M.J. 2010. Beach erosion and nest site selection by
the leatherback turtle Dermochelys coriacea (Testudines:
Dermochelyidae) and implications for management practices
at Playa Gandoca, Costa Rica. Revista de Biología Tropica 58:
1237-1246.
Tuttle, J. & D. Rostal. 2010. Effects of nest relocation on nest
temperature and embryonic development of loggerhead sea
turtles (Caretta caretta). Chelonian Conservation and Biology 9:
1-7.
van de Merwe, J., K. Ibrahim & J. Whittier. 2006. Effects of nest
depth, shading, and metabolic heating on nest temperatures
in sea turtle hatcheries. Chelonian Conservation and Biology 5:
210-215.
van de Merwe, J.P., K. Ibrahim & J. M. Whittier. 2013. Postemergence handling of green turtle hatchlings: Improving
hatchery management worldwide. Animal Conservation 16:
316-323.
West, L. 2010. A multi-stakeholder approach to the challenges
of turtle conservation in the United Republic of Tanzania.
Indian Ocean Turtle Newsletter 11: 44-50.
Williamson S.A., R.G. Evans & R.D. Reina. 2017. When Is
embryonic arrest broken in turtle eggs? Physiological and
Biochemical Zoology 90: 523-532.
Wyneken, J. 2000. The migratory ehaviour of hatchling sea
turtles beyond the beach. In: Sea Turtles of the Indo-Pacific. (eds.
Pilcher, N.J. & G. Ismail). Pp. 121-142. ASEAN Academic Press,
London.

January 2018

HIGHS AND LOWS OF 2017- STUDENTS’ SEA TURTLE
CONSERVATION NETWORK (SSTCN)
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The Students’ Sea Turtle Conservation Network (SSTCN)
has completed 29 years of conservation work on the
coast of Chennai city. SSTCN works with volunteers on
the 14km stretch of beach from Cooum estuary (which
opens onto Marina beach) to Neelangarai (also known as
Neelankarai). Every night between December and March,
volunteers patrol the beach to look for nesting olive ridley
turtles and relocate the nests into the two hatcheries
set up annually on either side of the Adyar estuary.
Hatchlings start to emerge from late February to May.
In the 2016/17 season, a total of 94 nests were found by
SSTCN volunteers and another 116 by the Tamil Nadu
Forest Department (TNFD) who patrol the same stretch of
coastline. While the 94 nests in the two SSTCN hatcheries
showed a hatching success rate of 67% the TNFD described
a hatchling production of 92% from its 116 nests.
It was a very eventful season. Tamil Nadu witnessed
its biggest public protest, where youth wanting to
preserve the cultural tradition of ‘jallikattu’ occupied
the entire Marina Beach for a few weeks during the
turtle nesting season, completely disrupting walks
with the public, and possibly discouraging turtles from
nesting. As a voluntary group we have a regular turnover
of dedicated volunteers every season, but this season
was dramatic on that score too. Seven of our seasoned
walkers could not join us for various reasons but we had
nine new volunteers, inexperienced but enthusiastic.
They played a very important role this season.
Turtle nests and public walks
It has been a strange season in many ways... for one, we
have not had a season where the visiting public saw so little.
Out of 20 nights of turtle walks, 13 were ‘dry walks’ where
no nest or turtle was sighted. Out of the seven successful
walks, a total of only 8 nests were found. Of the total of 41
nests found in the Besant Nagar- Neelangarai stretch by
our volunteers, 33 nests were found on week-nights when
only volunteers patrol and the public does not join us.

During February, which we have always thought of
as the peak season, three weekends went by without
any nests or hatchlings. In the one solitary productive
weekend we found 3 nests. March was relatively
better as the visiting public managed to witness
emerging hatchlings from our hatchery being released.
Marina Beach is popular with tourists and over-crowded,
but every year we find more nests in the Marina stretch
than the Besant Nagar stretch. We have been tempted
to conduct turtle walks for the public on Marina so
there will be a better chance for people to find nests or
even see a nesting turtle. However, the Marina stretch
does not feel safe. Moreover, there is the history of
weekday as well as weekend walks being conducted in
the Besant Nagar stretch for nearly 40 years now. From
the early 1980’s turtle walks were conducted by WWF,
and by SSTCN from 1988-89. As such every fisherman
from the fishing villages on this stretch has grown up
witnessing the phenomenon of turtle walks. In that
sense we are a part of the culture of the local community.
We started patrolling and relocating nests on Marina only
in 2010 and while there are many supportive and friendly
fishermen there we still face difficult situations. On a
number of nights this year, our volunteers were accosted
by groups of fishermen (some of whom were drunk) and
the interactions were quite unpleasant. Conducting public
walks late in the night in that stretch might not be such a
good idea. Because of these issues, we have not conducted
public walks yet on Marina Beach, though patrolling is
done both by SSTCN volunteers and the Forest department.
Aiding three-flippered turtles
We came across three-flippered turtles on several
occasions this season. Almost all of them struggled to
nest as they could not dig a proper nest chamber without
both hind flippers. Our volunteers helped the turtles nest
by lying behind the turtle and expanding the egg chamber
without touching her and without her noticing. Usually
if the turtle feels that the nest is big enough she lays her
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eggs. Our volunteers have been doing this for the past few
years. Earlier we were hesitant to interfere and sometimes
watched helplessly as these handicapped turtles dug
scores of shallow body pits and left without laying eggs.

estuary close to the SSTCN hatchery on 8th Feb 2017.
Its carapace measured 46x45cm (curved length and
width) A juvenile hawksbill was found on the beach in
Neelangarai, but its measurements were not recorded.

Evening nesting

Hatchery problems

This year we came across a few turtles which
nested in the evening between 4pm and 6pm. We
have not come across many such instances before.

We had different conditions in our two hatcheries this
year and as a result we had one of our lowest survival rates
in the last 5 years. The Besant Nagar hatchery was very
dry, probably due to the failed monsoon last season. There
was no wet sand even one foot down in most places. We
also had a lot of trouble with Ipomoea spp. roots. It was
very difficult to dig artificial egg chambers in the hatchery
as the sides kept collapsing both due to the dryness and
the roots. As usual we put up a jute sheet cover on the
hatchery in mid-March to reduce the temperature.
Still, the hatching success dropped drastically in April.

Working with the Forest Department
This season was our fourth one working with the forest
department. They were very serious this year and were
involved in patrolling both the stretches of beach. The
total distance covered is 14km and it would have been
easy for each group to walk at different times, covering
the night hours effectively. This would also prevent the
loss of nests to poachers or to dogs. It would also allow
greater checking for wild hatchlings from nests we had
missed when laid. While the higher officers saw the
logic of this, it was difficult to implement the plan at the
ground level. We proposed that we would walk early
one night, say at 11pm, and they at 3am with the next
night (or the next week) the timings being reversed.
Instead they walked at 1.30am every night and their walk
finished early in the morning. To us, this felt like it was
not the best use of human resources. Being a volunteer
run organisation, we have to consider the motivation and
morale of volunteers who were just asked to walk along
with the forest department employees. We struggled
with the interface quite a bit this year. On weekends we
just walked with the Forest Department and allowed
them to scout, probe, find nests if any and relocate them.
On week days we tried doing all kinds of permutations
and combinations until the end of the season.
On the Marina Beach section, we split the 6km into
two stretches of 3km each and the Forest Department
and SSTCN volunteers walked different stretches. We
monitored the entire beach on days they finished early.
There is usually an average of about 100 nests per year
in the Besant Nagar stretch. This year yielded around
the same number, with SSTCN finding 41 nests and
the Forest Department around 55. The Marina stretch
usually yields anything between 120 to 180 nests. This
year SSTCN found 90 nests and they found 65 nests.
Juvenile turtles
This season we came across two stranded juvenile
turtles. One was a green turtle washed up near the Adyar
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The Marina hatchery suffered from the opposite
conditions. Constant removal of sand from the estuary
area by the government for sale to Ennore Port is a likely
cause for sea water incursion in the Srinivasapuram area
adjoining the river. The mouth of the Adyar River was
often getting blocked due to sand build up and caused
water stagnation in the river. Both these have resulted in
moisture seeping in to the beach sand, even in the hatchery
area though it is located quite far from the river. This has
been a growing problem but worsened considerably this
year. The sand was quite wet and resulted in eggs getting
spoilt. Also, hatchlings found it difficult to emerge from
the nest on their own through the very hard sand and we
had to loosen the sand in the egg chamber for many nests.
Oil Spill
Early in the season there was an oil spill. We were already
reeling under the burden of dead turtles (we had 217 dead
turtles stranded on just our 14km stretch this season) and
low nesting. The news of the oil spill sent us in to further
gloom. Also, while the spill was initially reported as a
small spill, daily reports of the volume of oil spilt kept
increasing. From the starting report of a few hundred
litres the reports went to more than two lakh (200, 000)
litres. We began to witness the oil on the beach and in
the near-shore waters. The oil kept spreading and the last
report was from Pondicherry 150km further south. A few
NGOs got involved in cleaning up the oil manually. Some
expressed concern about the safety of the volunteers.
We were constantly contacted by the media to assess the
impact of the oil spill on the turtles. A photograph of a
dead turtle lying on the rocks by the side of the beach,
covered in oil went viral. It was reported that hundreds of
turtles were killed by the oil spill. However, we found no

January 2018

visible impact on the turtles or any change in their nesting
to the best of our knowledge. Turtles came and nested
without a drop of oil on them. When we mentioned this
to the press, it was not what they expected to hear and
they were not happy about our reports. We told them
that there were a number of dead turtles already and
some of them might have become coated by oil. We said
that it would be good if the media put pressure on the
government to conduct necropsies on the dead turtles to
assess the cause of death, but they were not interested.
Finally, the oil ‘storm’ passed and it turned out to be a
minor event in the season, though an unpleasant one.
Beach clean-ups and night walks with CTC
Like last year, the beach was badly littered with all kinds
of debris. Chennai this year was hit by Cyclone Vardah,
which knocked down more than one lakh (100,000) trees.
The corporation of Chennai was collecting the dead wood,
branches and leaves, and storing in it open spaces like play
grounds, and some of it was deposited on the beach too.
We were worried that if the beach was going to become a
dumping ground then it would be a huge hindrance to turtle
nesting, but finally it was only in manageable quantities.
The garbage washed on to the beach, however, was
disrupting the nesting. Like last year. we requested the
Chennai Trekking Club (CTC) to help us and, after we
put up the hatcheries during the first weekend of January,
they assembled every weekend through January and
February, often on both days and cleaned the beach
diligently. Unfortunately, SSTCN doesn’t have enough
members to contribute significantly to this effort and we
have come to rely on them heavily in this regard. Like last
year, CTC also joined us on night walks as extra support

to the walks, which involved a lot of coordination.
Hema of CTC was very supportive in both operations.
Jallikattu protest and our response
Early in the season, the infamous Jallikattu protests
happened on the Marina stretch of the beach. The youth
of Tamilnadu had gathered in huge numbers on the beach
and lit bonfires. One of the main targets of the group
gathered was PETA, and as such they were suspicious
of and antagonistic towards any group working with
animals and conservation. We were often asked
through the season whether we were PETA members
in a suspicious (and often aggressive) manner. It was
not comfortable to walk on Marina but our volunteers
managed to patrol quite a few days. Only when the police
got very overbearing did we stop patrols and wait for the
protest to end. In the middle of all this, Shravan, one of
our senior volunteers managed to create some awareness
about turtles on the large screens put up by the protestors
with an announcement that it was the sea turtle nesting
season and people should keep away from the seashore so they would not frighten away nesting turtles.
Conclusion
Every year, seeing many regular volunteers move on, there
is anxiety about having enough committed youngsters for
the next season, but somehow people pitch in and we rarely
if ever, miss even a single night of patrolling. This year,
with the Forest Department taking up turtle conservation
work in earnest, our challenge is more in co-existing
with them and working without our volunteers losing
motivation. We fear that there may be trying times ahead.
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RESEARCH SUMMARY

STAY AWAY FROM THE THE LIGHT! THE EFFECTS OF LIGHT
POLLUTION ON HATCHLINGS AND IMPLICATIONS FOR SEA
TURTLE POPULATIONS
ANDREA D. PHILLOTT
FLAME University, Pune, Maharashtra, India
andrea.phillott@flame.edu.in

The influence of light from coastal development on the
orientation of hatchlings and their sea-finding ability
has been well documented internationally, but less so
within South Asia (see Karnad et al., 2009 for a study at
Rushikulya, Orissa, India). Hatchlings use the direction
that light is coming from and elevation of the beach in
relation to the horizon to guide their crawl towards the
shoreline, moving away from dark, high silhouettes and
towards light, low horizons (Lohmann & Lohmann,
1996; Limpus & Kamrowski, 2013). Artificial lights
at night change these visual cues, and hatchlings may
become disoriented (crawling in random directions)
or misoriented (crawling away from the sea towards
the artificial light) (reviewed by Truscott et al., 2017).
Hatchlings that remain on the beach for longer periods
of time are at risk of using the energy reserves needed
for their off-shore swim, dehydration, high temperatures
after sunrise, and increased likelihood of predation,
and mortality rates could potentially reduce population
recruitment (see Lorne & Salmon, 2007). Recent research
has examined the implications of light pollution on sea
turtle hatchlings beyond potential mortality on the
beach, and should be taken into consideration when
selecting the location for construction of both temporary
and permanent hatcheries and the release sites for
hatchlings. Nests from which emerging hatchlings are
likely to be exposed to light pollution, either direct light
or ‘sky glow’, that will affect their orientation on-land
and in-water may need relocation to darker areas of the
beach or hatcheries located away from light sources.
Hatchlings emerging from nests relocated to hatcheries
should be released at locations where on-shore or overwater lights will not interrupt their swim out to sea.
Dimitriadis, C., I. Fournari-Konstaninidou, L. Sourbès,
D. Koutsoubas & A.D. Mazaris. 2018. Reduction
of sea turtle population recruitment caused by
nightlight: evidence from the Mediterranean region.
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Ocean and Coastal Management 153: 108-115.
Dimitriadis et al. (2018) examined how hatchling
misorientation and mortality on the beach could reduce
population recruitment. They assessed light pollution and
the orientation patterns of loggerhead turtle hatchlings
on five of the six nesting beaches at Zakynthos Is., Greece,
including both naturally dark and light impacted locations.
At each beach, Dimitriadis et al. (2018) measured mean
light intensity and movement patterns of hatchlings.
The study found a significant difference in light intensity
among the five nesting beaches. Hatchling tracks
(n=5,967) from nests (n=230) laid on beaches with
little or no light pollution demonstrated a seawards
orientation. On beaches with the greatest light pollution,
hatchlings tracks were skewed in the direction of the
brightest light sources; hatchling tracks from 28.5% of
nests deviated from a seaward bearing and tracks from
19.0% of nests showed a wider spread of tracks. Of the
total reported tracks, 7.5% showed misorientation that
would reduce the likelihood of hatchlings entering the
sea successfully; the number of ‘stray’ tracks from a nest
was significantly related to its exposure to light pollution.
Dimitriadis et al. (2018) were the first to quantify the
impact of light pollution on sea turtle hatchlings in
the Mediterranean, and also to estimate its impact on
population recruitment. They conservatively estimated
that, from an average clutch of 106 eggs and a hatching
success of 73.6%, misorientation due to light pollution
would result in fewer than 54 hatchlings per clutch
entering the sea on some beaches at Zakynthos Is..
Maintaining and protecting naturally dark beaches
for the population was identified as a high priority.
Dimitriadis et al. (2018) concluded that factors including
moon light and beach topography could influence the
sea finding ability of hatchlings, and that measures to
reduce light pollution and its impact on hatchlings
should be assessed and designed at a local scale (see also
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Limpus & Kamrowski, 2013; Kamrowski et al., 2014).
Thums, M., S.D. Whiting, J. Reisser, K.L. Pendoley,
C.B. Pattiaratchic, M. Proiettie, Y. Hetzel, R. Fisher
& M.G. Meekana. 2016. Artificial light on water
attracts turtle hatchlings during their nearshore
transit. Journal of Herpetology 29: 568-576.
As lights were believed to influence hatchling orientation
in the water as well as on land (see O’Hara, 1980; Salmon
& Wyneken, 1987; Witherington & Martin, 1996 in
Thums et al., 2016), Thums et al. (2016) investigated
the effects of an artificial light over water on the
swimming behaviour of green turtle hatchlings at North
West Cape, Ningaloo Reef in Western Australia using
miniature acoustic transmitters and a passive receiver
array. Emerging hatchlings were collected in the early
morning and held during the day until the following
night. Acoustic transmitters were glued to the plastron,
which enabled hatchlings to be tracked through an
acoustic array that began 30m from the low tide mark.
The 36 receivers were set up in a 6 × 6 arrangement
with each receiver 30m from adjacent receivers. A total
of 40 tagged hatchlings were tracked, 20 under ambient
light conditions and 20 when a metal-halide light facing
the beach was placed on a boat at the edge of the array.
Thums et al. (2016) found that hatchlings released under
ambient light fanned out through the array, with most
heading in a north to northwest direction from where they
were released at the edge of the water. In the presence of
the artificial light, an average of 90% of hatchlings oriented
towards the light and spent more time in the tracking array
that hatchlings released under ambient light conditions.
Although hatchlings attracted to the light eventually swam
offshore, the longer time spent in in-shore waters would
make them more vulnerable to predators such as reef
fishes and sharks (see Gyuris, 1994; Salmon et al., 2009).
Truscott, Z., D.T. Booth & C.J. Limpus. 2017.
The effect of on-shore light pollution on
sea turtle hatchlings commencing their offshore swim. Wildlife Research 14: 127-134.
Truscott et al. (2017) added to our understanding of
the effect of light pollution on hatchlings that had
commenced their off-shore swim, studying the impact
of on-shore lights on green turtle hatchlings at Heron
Is., Australia. Though at a remote location in the
Great Barrier Reef, hatchlings at the study site may be
exposed to light pollution and ‘sky glow’ that originates
from a resort and research station on the island.
Truscott et al. (2017) collected hatchlings at emergence
and held them in a bucket for 1-2hr before use in

controlled release trials. Groups of on average 80
hatchlings were marked with a unique letter- colour
combination on their plastron then released 5m from
the waterline at different locations adjacent to a light
polluted beach. The researchers, volunteers and observers
extinguished personal lights from before hatchlings
were released until 5mins afterwards. Researchers then
began searching the beaches for hatchlings that had
become misoriented and returned to shore, crawling
inland toward the light originating from buildings.
The authors determined that hatchlings commencing
their offshore swim were more likely to become
misoriented on moonless nights, as they found 1.0-2.4%
of hatchlings (n=1,849) across 67% of all trials (n=24)
returned to the beach under these conditions. This
threat would further reduce population recruitment.
Cruz, L.M., G.L. Shillinger, N.J. Robinson, P.
Santidrian Tomillo & Frank V. Paladino. 2018. Effect
of light intensity and wavelength on the in-water
orientation of olive ridley turtle hatchlings. Journal
of Experimental Marine Biology and Ecology 505: 5256.
Cruz et al. (2018) also examined the responses of
hatchlings to light pollution after they had reached the
water. The authors conducted swimming trials with
olive ridley hatchlings from Playa Grande, Costa Rica
in artificial pools. Hatchlings were tethered to a central
pole and their swimming behaviours in response to
the presence of an artificial light was measured using
a camcorder. Hatchlings in the pool were allowed
to acclimate in total darkness for 5min, then their
swimming behaviour for the following 5min (still in
total darkness) was recorded to establish a baseline.
Following this period, swimming behaviour was
recorded as hatchlings were exposed to random
combinations of light direction (from true north),
light colour (yellow, red and green) and light intensity
(0.1-3.3lx to 10.3-45.9lx). After the swimming trials,
hatchling orientation relative to true north every
15sec was calculated from the video recordings.
Cruz et al. (2018) found that both light intensity
and wavelength influenced hatchling misorientation
towards the artificial lights and away from their
orientation in darkness. Misoriented hatchlings
eventually corrected their swimming direction after a
period of time, but misorientation and disorientation
due to light pollution could result in swimming
hatchlings remaining in inshore waters for longer
than normal and being more vulnerable to predation.
Results from studies such as that conducted by Cruz
et al. (2018) could be used to determine the maximum
acceptable light pollution values- both intensity and
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wavelength- for areas adjacent to a nesting beach. The
authors emphasise that behaviour under light varies
among sea turtle species, so their results for olive ridley
turtle hatchlings may not represent that for other species.
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RESOURCE OF INTEREST

A FIELD KEY TO THE DEVELOPMENTAL STAGES OF SEA
TURTLES
ANDREA D. PHILLOTT
FLAME University, Pune, Maharashtra, India
andrea.phillott@flame.edu.in

Knowing the stage and time of embryo mortality can help
us identify and evaluate management techniques (e.g., the
time between nests being laid and reburied in a hatchery)
or environmental events (e.g., excessive rainfall, tidal
inundation, or high temperatures) during the incubation
period that potentially reduced hatching success. Those
interested in determining the developmental stage at
which sea turtle embryos in their hatchery or on their
nesting beach died will find a recent paper published
by Jeff Miller, Jeanne Mortimer, and Colin Limpus a
useful resource. Published as an open access paper in the
journal Chelonian Conservation and Biology, Miller et
al. (2017) present an identification key divided into two
parts with illustrations that allow users to stage embryos
in the field using only a ×10 hand lens and handheld light.

tissue in unhatched eggs that are opened when nests
are excavated after hatchlings have emerged from other
eggs within the nest. Eggs without a visible embryo
should not be automatically categorised as ‘infertile’.
Miller, J.D., J.A. Mortimer & C.J. Limpus. 2017.
A field key to the developmental stages of
marine turtles (Cheloniidae) with notes on
the development of Dermochelys. Chelonian
Conservation and Biology 16: 111-122. Available
at: http://www.bioone.org/doi/abs/10.2744/CCB-1261.1

Sea turtle embryo development has been described in
31 stages, the first five of which occur while eggs are still
within the oviduct of the female. Development in the
oviduct pauses at the stage of mid-gastrulation. When
the eggs are laid, development proceeds from stage 6-31.
The key developed by Miller et al. (2017) uses external
morphological characteristics such as pigmentation of the
carapace, position and pigmentation of limbs, appearance
of the eyes, yolk volume compared to embryo volume,
and measurements of embryonic features to determine
embryonic stage. As embryo development in all species
of sea turtle is similar, the key can be used to stage all
species. The key descriptions are simple and easy to
understand, although users might be more familiar with
the terms for characteristics of later-stage embryos (e.g.,
carapace and pigmentation) than early-stage embryos
(such as blastopore and somite). However, illustrations
with guiding arrows will help even those unfamiliar with
embryology to understand the key and make decisions
between the two choices at each step appropriately.
Miller et al. (2017) remind us that embryos that die at
an early stage of incubation are likely to degrade over
time, so it can be difficult to find evidence of embryonic
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