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IOTN31 includes papers on a diverse range of topics, 
from nesting turtles, eggs and hatchlings on the shores 
of Kenya and Kuwait to !shers and bycatch in the 
small-scale !sheries of Sri Lanka and conservation 
activities of a small NGO in India. "e issue also 
presents summaries of recent research on stable isotope 
studies in sea turtles, the Marine Turtle Specialist 
Group Regional Reports, and a report on the 39th 
International Sea Turtle Symposium in Charleston, USA.

"e scope of research and conservation relevant to sea 
turtles and their habitats in this issue prepares us for the 
breadth of topics sure to be discussed at the forthcoming 
40th International Sea Turtle Symposium scheduled for 
March 2020 in Cartagena, Colombia. While not many 
of us will be able to make the long journey to Colombia, 
those who do are encouraged to attend the regional 

meeting for the Indian Ocean and Southeast Asia. A 
little closer to home is the 13#$ Conference of the Parties 
to the Convention on the conservation of Migratory 
Species of wild animals (CMS COP 13) in Gandhinagar, 
India, in February 2020 and the 6th International Marine 
Conservation Congress (IMCC6) to be held in Kiel, 
Germany in August 2020. IOTN hopes to report on 
relevant research and meetings from these international 
events and the recent 8th Meeting of the Signatories 
(MOS8) to the Memorandum of Understanding on the 
Conservation and Management of Marine Turtles and 
their Habitats of the Indian Ocean and South-East Asia 
(IOSEA Marine Turtle MOU) held in October 2019, Da 
Nang, Viet Nam, the 1st National Conference on Marine 
Turtle Conservation at Kadmat Island, Union Territory 
of Lakshadweep, in December 2019, in future issues.
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"e 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, 
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or announcement for Issue 32 of IOTN, please email material to iotn.editors@gmail.com before 15th May 2020.  
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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ARTICLES

INTRODUCTION

"e incidental catch (bycatch) and discard of non-target 
species in a !shery occurs when !shing gear catches species 
whose retention is either not economical or prohibited 
by law (Dayton et al., 1995). For !sheries where discard 
reporting for bycatch exists, rate estimates vary widely 
by gear type: while some !sheries have negligible levels 
of discards (Kelleher, 2005), other !sheries discard more 
than they retain. For example, the Indian Ocean longline 
!sheries alone have a bycatch of 37,400 tons of which a 
substantial proportion may be discarded (Ardrill, 2012). 
Bycatch in commercial !sheries can cause severe impacts 
to marine wildlife, especially sea turtles (Spotila et al., 2000; 
Peckham et al., 2007; Lewison et al., 2014). "e impact of 
small-scale !sheries on sea turtles is currently less studied 
but may have a greater impact (e.g. Wallace et al., 2010; 
Lewison et al., 2013; Rees et al., 2016). Hence, Temple et 
al. (2018) highlight the need for proper documentation, 
monitoring and assessment of the e%ect of small-scale 
!sheries on sea turtles, especially in developing regions. 
Sea turtles interact with various types of !shing gear and 
the frequency of interactions depends on spatiotemporal 
overlap between critical habitat for a given species and 
!shing activities, encompassing a wide range of !shing 
methods and gear characteristics (Marcovaldi & "ome, 
1999; Wallace et al., 2008) so there is value in conducting 
studies in di%erent countries and national districts.

Sea turtle bycatch occurs along the western, south western 
and north western coasts of Sri Lanka (Kapurusinghe & 
Saman, 2004; Kapurusinghe & Cooray, 2002; Rajakaruna 
et al., 2009). "ese areas, especially along the north 
western coast, overlap with sea turtle migratory paths 
indicated by satellite telemetry studies of post-nesting 

turtles on the south and south western coast returning to 
their foraging grounds in the Gulf of Mannar Biosphere 
Reserve and the Lakshadweep Islands in southern India 
(Richardson et al., 2010). Sea turtle bycatch is a leading 
cause of mortality for the island nation’s sea turtle 
population (Jones & Fernando, 1968; Jinadasa, 1984). 
From November 1999 to November 2000, a total of 
5,241 sea turtle bycatch incidents across Sri Lanka were 
reported in major !shing sites along the western and 
north western coasts. "ese included all !ve species of sea 
turtles that nest along Sri Lankan beaches (Kapurusinghe 
& Saman, 2004). But the reports may also include 
incidental take of turtles drowned or struck during 
!shing activities (Asian Fisheries Society, 1988). "ere 
were “accomplished turtle-catchers” on the northern 
coast who used a variety of nets to capture sea turtles 
(Frazier, 1980; Hewavisenthi, 1990) when there was high 
demand for turtle meat in the past. Reports detail the 
butchery and selling of live turtles openly in Kandakuliya, 
a village on the northwest coast where there is no sea 
turtle nesting but where high sea turtle interactions 
with !sheries occurs (Kapurusinghe & Saman, 2004; 
Kapurusinghe & Coorey, 2002), and other north western 
parts of the island (also see Kapurusinghe, 2006).

Under the Fauna and Flora Protection Ordinance (FFPO, 
1938 amended in 1972) of Sri Lanka, it is an o%ence to 
capture, kill, injure or possess sea turtles or their eggs. 
Sri Lanka has banned the international trade of sea 
turtle products. "is resulted in a considerable decline in 
slaughtering, but sea turtles and their eggs continued to 
be exploited in some parts of the country (Hewavisenthi, 
1993; Richardson, 1995; Kapurusinghe & Saman, 2004). 
Until the mid-1990s, the most widespread forms of sea 
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turtle exploitation were the collection of eggs and killing 
of adults for their meat and scutes (de Silva, 1996). "e 
FFPO was amended in 1993, increasing the punishment 
for o%enders and resulting in fewer killing of sea turtles 
for their scutes to produce ornaments (de Silva, 2005). 
However, a survey in 2009 suggested that some people in 
Kandakuliya continued to eat, buy and/or sell sea turtle 
meat (Rajakaruna et al., 2009). All of this suggests that 
some sea turtles were still caught purposefully and sold 
for cash.

Although legislative measures were in place to control 
the killing of turtles for meat and eggs, the civil war from 
1983 to 2009 made it di&cult to enforce such measures in 
the north. However, following the cessation of the armed 
con'ict in 2009, strict enforcement of this legislation 
and close monitoring was possible. A more recent 
survey carried out in 2014 indicated that incidental 
capture of sea turtles at two !shing sites on the west 
coast (Negombo and Beruwala) was very low, at ~0.009 
animals per boat per month (Maldeniya & Dhanushka, 
2014). However, these authors highlight remaining 
challenges related to gear types and sea turtle bycatch; for 
example, gillnet !sheries had a low sea turtle interaction 
rate relative to longlines but relatively higher numbers 
were reported dead in gillnet !sheries than in longlines.

"e compulsory adoption of Indian Ocean Tuna 
Commission (IOTC) Resolution 12/04 for the 
Conservation of Marine Turtles further highlighted 
the importance of accurate quanti!cation of turtle 
bycatch (Fisheries Statistics, 2014). "e IOTC resolution 
recognized that some !shing operations carried out in 
the Indian Ocean were adversely impacting sea turtles 
and re'ected the need to implement measures to manage 
the adverse e%ects of !shing on sea turtles in the Indian 
Ocean. It also notes the IOTC Scienti!c Committee’s 
concern that the expansion of gillnet !shing from 
traditional !shing grounds into high seas might increase 
undesirable !sheries interactions with sea turtles and 
lead to increased mortality. It is important to ensure 
that !shers are aware of the ecology and behaviour of 
sea turtles, as well as bycatch legislation so that they are 
not only aware of related rules but also understand the 
rationales for them. Here we investigate perceptions and 
attitudes of !shers, as well as related practices, in three 
!shing villages- Negombo, Kandakuliya and Palali- and 
consider how the resulting data can be used to inform sea 
turtle conservation in Sri Lanka.

METHODS

Study Area

"is study sought to build on prior knowledge of sea 
turtle bycatch in northern and north western Sri Lanka 

Figure 1. Map showing the three study sites in the 
western, north western and northern Sri Lanka.

and to add new data on !sher knowledge, perceptions, 
and practices as they relate to sea turtles. Based on 
previous turtle bycatch data (Amerasooriya, 2000), three 
!shing villages: Negombo in Gampaha District (Western 
Province), Kandakuliya in Puttalam District (North 
western Province), and Palali in Ja%na District (Northern 
Province) were selected to comprise the overall study site 
(Figure 1). No sea turtle nesting has been recorded in these 
areas. Rather, these areas were chosen for their bycatch 
levels (Kapurusinghe & Saman, 2004; Kapurusinghe & 
Coorey, 2002; Rajakaruna et al., 2009).

Study population

Fisheries in Sri Lanka contribute only 1.3% to the total 
Gross Domestic Production (GDP) but play a major 
role in providing livelihoods to over two million people 
directly and indirectly. Marine !sh production by 
!sheries in metric tons for the three selected districts was 
31,150, 32,260 and 41,890 and the number of operating 
!shing boats were 4,643, 6,676 and 5,095 in Negombo, 
Ja%na and Puttlam districts, respectively (NARA, 2016). 
Dri( gill nets are the most widely used gear type. Fishing 
boats/ cra(s fall into six categories (NARA, 2017): 
inboard multi-day boats, inboard single-day boat, out-
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boat engine !berglass reinforced plastic boats, motorised 
traditional boats, non-motorised traditional boats and 
inland !shing cra(s.

Both men and women are involved in the !shery 
industry in Sri Lanka. "e role of women in the !shing 
communities varies in di%erent geographic locations. On 
the north western coast, women own and rent !shing 
equipment and actively participate in !shing. In other 
areas women participate in !sh trading, !sh processing 
and net mending. But the majority of the women in !shing 
communities are responsible for care of the children and 
domestic chores (Marine Small-scale Fisheries of Sri 
Lanka- FAO, 1984).

Data Collection

For the study, !shers were recruited using a snowball 
sampling method which involved !rst identifying 
potential subjects in the population and asking those 
subjects to recruit other people and ask those people 
to recruit again. A questionnaire, consisting of 60 open 
and closed ended questions, was pre-tested before 
data collection. Informed, verbal consent was sought 
from participants a(er the objectives of the study were 
explained to them and anonymity was guaranteed. If they 
agreed to participate, they were interviewed in the local 
vernacular (Sinhala or Tamil, via the use of a translator). 
During the interview, !rst the !sher’s demographic 
information (age, sex, number of household members, 
education level, income source, monthly household 
income level, years of !shing experience, whether at 
least one parent or grandparent had been involved 
in !shing) was collected. "en, questions were asked 
to assess their local ecological knowledge about sea 
turtles, !shing practices, !shery-related experiences 
with sea turtles, knowledge about sea turtle bycatch, 
and their perception of sea turtle conservation and 
legislation. "e original and unique perspective of the 
respondent was recorded during open ended questions 
and the response categories were later identi!ed using 
inductive reasoning following Grounded "eory.

Data Analysis

Respondent demographics and other data for the three 
villages were compared using a Chi square test when 
the sample size allowed and Fisher’s exact test in other 
cases. "e data were also examined for relationships 
among demographic characteristics (e.g. education) and 
response variables such as ecological knowledge, !shing 
practices, and perceptions of sea turtle conservation.

RESULTS AND DISCUSSION

A total of 67 !shers were interviewed across the three 
!shing villages: Negombo (n=20), Kandakuliya (n=32) 

and Palali (n=15). Each interview lasted 30-40mins.

Respondent demographics

All the respondents were men and were mostly aged 
between 30-55 years old (82.1%; Table 1). On average, 
the majority had only primary education or less (84.1%; 
Table 1). Among the three villages, the respondents in 
Kandakuliya had signi!cantly lower levels of formal 
education (96.7% only up to elementary level; Fisher’s 
exact test, p=0.015). Fishing communities in Sri Lanka, 
like other rural populations, o(en have reduced access to 
literacy and formal education compared to their urban 
counterparts (Maddox, 2007); hence, literacy is far below 
the national average as the majority of children do not 
proceed beyond primary school, and a small percentage 
(~11%) do not have any formal education (Fisheries 
Statistics, 2014). Some scholars have suggested that lower 
levels of formal education in Sri Lanka are problematic 
for sustainable utilisation of resources in the !sheries 
sector (Herath & Radampola, 2017). Fisheries Statistics 
(2014) showed that although the number of active !shers 
engaged in marine !shery industry had been gradually 
increasing, levels of formal education remain low, for 
most !shers. "is is similar to the other south Asian 
countries like Bangladesh (Islam et al., 2013; Galib et al., 
2016). Some see low literacy rates and reduced access to 
education as a challenge as there is a widely held view 
that low literacy rates, and widespread educational 
disadvantage in artisanal !shing communities are a 
barrier to many aspects limiting the agency of women, 
people’s ability to diversify, to improve their business 
activities, bene!t from extension advice and so on 
(Maddox, 2007 and references therein). However, 
Maddox (2007) showed that illiteracy is not necessarily 
an occupational hazard of !shing livelihoods. How low 
literacy a%ects the success of community-based sea turtle 
conservation interventions in Sri Lanka is unknown.

Fisher families were small to medium, usually 
comprising seven household members (Table 1). For 
many respondents (95.0%), !shing was their sole source 
of income. "is was especially the case for respondents 
in Kandakuliya (100%), who generally had a monthly 
income of less than 350 USD per family. Poverty in !sher 
community is due to the vicious cycle of that they are 
prone to low levels of schooling (Maddox, 2007) and 
this cycle has a strong connection to the old paradigm 
“they are !shermen because they are poor”, and “they 
are poor because they are !shermen” (Bene, 2003). Most 
!shers (79.2%) had more than 10 years of experience in 
!shing, which can be described as a father-son profession 
whereby the grandfathers of all the !shers interviewed 
and 94.0% of their fathers had also been !shers (Table 1). 
For them, the !shery is a component of their personal and 
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family heritage and is valued as very important to their 
livelihood, although the income was low and unsteady. 

Ecological knowledge about sea turtles

While most respondents had many years of !shing 
experience, only 41.8% reported that they had seen 
sea turtles. Turtle sighting occurred while !shing 
(87.2%) or while travelling to !shing sites (12.8%; Table 
2), mostly from October to December (53.8%). No 
respondents reported having seen sea turtles between 
July and September, potentially as the breeding seasons 
of the two most abundant sea turtles in the area, green 
and olive ridleys turtles, occurs between February 
to May and November to February respectively 
(Ekanayake et al., 2010; Jayathilaka et al., 2017).

When asked about di%erent species of sea turtles, 
!shers speci!cally mentioned the “leatherback turtle 
and others”. A large percentage of !shers (61.4%) were 
unaware that the sea turtles were air breathers. "is is 

important information as !shers assume that the turtles 
caught in their nets are able to breathe underwater, 
and presumably leave entangled turtles in their !shing 
nets instead of removing them or reducing soak times. 
Sea turtles can stay underwater for 2-5 hours (Byles, 
1988) and the breath hold duration increases with 
age-class (Lutcavage & Lutz, 1997). "e intensity of 
bycatch of air breathing megafauna varies substantially 
within and among gear types (Lewison et al., 2004a,b).

"e majority of !shers claimed that they see fewer turtles 
now than in the past (64.6%). Whether this means that 
the number of sea turtles has decreased over the years or 
that !shers have less interest in sea turtles due to increased 
punishment for those involved in catching or selling 
sea turtle meat, has to be determined. Nevertheless, 
the number of turtle encounters o(en depends on 
factors like the time of year, weather, surrounding 
habitat, and geographic location (Nguyen et al., 2013). 

Table 1. Demographic information of study respondents in the three fishing villages. NG- Negombo (n=20), KL- Kandakuliya 
(n=32), PL- Palali (n=15).

Demographic Information
Percentage of Respondents

NG KL PL Total
Age (years) 18-29 20.0 9.4 33.5 17.9

30-64 80.0 90.6 66.5 82.1
Household members 4 or less 42.9 30.0 33.3 34.9

5-7 57.1 65.0 66.7 62.8
8 or more 0.0 5.0 0.0 2.3

Income Source Fishing only 94.4 100 92.5 95.0
Other 5.6 0.0 7.5 5.0

Education level No formal education 5.6 0.0 0.0 1.6
        Primary education or less 72.2 96.7 66.7 82.5

O/L* 16.7 3.3 20.0 11.1
         A/L** or higher 5.5 0.0 13.3 4.8

Income level (LKR) <5000 0.0 0.0 6.7 1.5
5000-10,000 26.3 9.7 33.3 20.0
10,000-50,000 68.4 90.3 53.3 75.4
>50,000 5.3 0.0 6.7 3.1

Years of fishing experience 0-10 23.5 5.9 35.7 20.8
11-20 23.6 35.3 21.4 27.1
21 or more 52.9 58.8 42.9 52.1

Parents are fishers 

(1 or both)

Yes 90.0 93.7 100 94.0

No 10.0 6.3 0.0 6.0

Grandparents are fishers (1 or both) Yes 82.4 96.8 100 93.1
No 17.6 3.2 0.0 6.9

 *O/L: General Certi!cate of Education Ordinary Level (equals to middle school); **A/L: General Certi!cate of 
Education Advanced Level (equals to high school); LKR: Sri Lankan Rupees.
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Table 2. Ecological knowledge and experience of the fishers in the three fishing villages. NG- Negombo (n=20), KL- 
Kandakuliya (n=32), PL- Palali (n=15).

Fishing Practices

Most of the respondents engaged in !shing every day of 
the week (90.9%) and the majority throughout the year 
(74.6%; Table 3). Most !shing occurred at night (67.2%). 
Respondents were either the owner of the boat (48.4%) 
or a crew member in the boat (51.6%). "e number of 
people in the boat varied but usually consisted of two 
members (69.8%), and most boats fall into the category of 
small-scale !shery category (90.5%) but were motorised 
(93.6%). "ese boats were operated mostly in lagoons and, 
with over 100 such water bodies in Sri Lanka, lagoonal 
small-scale !sheries are particularly abundant (Silva 
et al., 2013). "e majority of the !shers were active for 
1-5hr of !shing per day (67.2%) but a small proportion 
was engaged for more than 15hr (5.2%; Table 3). 
 
Fishers used a wide range of gear types and, among those 
interviewed, equal proportions of !shers used a single 

type of gear (50.0%) to those using mixed gear (50.0%). 
"e mesh size, length of the net and the position of the 
gear varied in the water column (Table 3). "ree gear-
types have been identi!ed as catching sea turtle, gillnets, 
prawn/shrimp trawls and longlines (Bourjea et al., 2008; 
FAO, 2010; Wallace et al., 2013), among which gillnets 
are known to have the highest interaction rates with sea 
turtles and to have exerted a signi!cant pressure on sea 
turtle populations throughout the Paci!c (Wallace et al., 
2010; Alfaro-Shigueto et al., 2011; Lewison et al., 2014). 
Among gill nets, the bottom-set gill nets are reported to 
have the highest sea turtle bycatch (Temple et al., 2019). 
Murray (2009) reported that bycatch loggerhead turtles 
can become entangled or entrapped by mesh of di%erent 
sizes.

Bycatch mortalities can be decreased by gear 
modi!cations and changes to !shing practices, such 
as limiting soak time (Carruthers et al., 2011). For 

Ecological Knowledge Percentage of Respondents
NG KL PL Total

Observations of sea turtles Yes 54.8 62.5 46.6 56.7
No 45.2 37.5 53.4 43.3

Sea turtle species in Sri Lanka Don’t know 87.3 91.5 65.0 82.1
Green 12.7 4.9 24.6 10.7
Hawksbill 0.0 3.6 10.4 3.6
Olive Ridley 0.0 0.0 0.0 0.0
Loggerhead 0.0 0.0 0.0 0.0
Leatherback 0.0 0.0 3.6 3.6

Sea turtle breathing Don’t know 74.9 56.3 80.3 67.2
Air/lungs 25.1 43.7 19.7 32.8
Water/Gills 0.0 0.0 0.0 0.0
Gills and lungs 0.0 0.0 0.0 0.0

When sea turtles are seen While fishing 83.5 86.5 93.3 87.2
While travelling to fishing areas 16.5 13.5 6.7 12.8
Accidently caught in fishing nets 0.0 0.0 0.0 0.0
Hunted or stranded on beach 0.0 0.0 0.0 0.0
Fish market 0.0 0.0 0.0 0.0

When sightings occur January-March 20.1 31.8 44.1 26.9
April–June 7.3 33.9 26.5 19.2
July-September 0.0 0.0 0.0 0.0
October-December 72.6 34.3 29.4 53.8

Trend in sea turtle numbers 
from 1990s to present 

More Turtles 25.0 16.7 40.0 24.6
Less Turtles 60.1 79.9 40.0 64.6
Same 4.8 3.5 0.0 3.1
Don't know 10.1 0.0 20.0 7.7
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Table 3. Fishing practices of respondents in the three fishing villages. NG= Negombo (n=20), KL= Kandakuliya (n=32), PL= 
Palali (n=15).

Fishing Practices
Percentage of Respondents

NG KL PL Total
Average number of days engaged in 
fishing

0-2 days 0.0 0.0 0.0 0.0

3-5 days 10.1 0.0 23.0 9.1

6-7 days 89.9 100 77.0 90.9

Fishing throughout the year Yes 74.9 68.8 86.6 74.6

No 20.1 31.2 13.4 25.4

Position on fishing boat Owner/Skipper 37.6 42.0 73.1 48.4

Crew member 62.4 48.0 26.9 51.6

No fixed position 0.0 0.0 0.0 0.0

Does not work in a boat 0.0 0.0 0.0 0.0

Number of boat crew 1 6.3 0.0 33.2 11.3

2 43.7 95.4 60.1 69.8

3 6.3 4.6 6.7 5.7

4 or more 43.7 0.0 0.0 13.2

Size of the boat Small 64.8 100 100 90.5

Medium 11.9 0.0 0.0 3.2

Large 23.3 0.0 0.0 6.3

Boat motorised Yes 100 100 73.5 93.7

No 0.0 0.0 26.5 6.3

Soak times (hr) 1-5 55.5 100 26.6 67.2

6-10 22.3 0.0 26.6 13.8

11-15 22.3 0.0 26.6 13.8

>15 0.0 0.0 20.1 5.2

Time of day fished Day 10.5 6.4 0.0 6.2

Night 52.7 77.3 64.4 67.2

Both 36.8 16.3 35.6 26.6

Position of gear in water column Surface 6.7 10.8 30.6 14.3

Mid-Water 73.1 42.8 23.3 46.4

Bottom 20.2 46.4 46.1 39.3

Length (km) of gear 0.0-0.5 49.8 38.0 8.3 34.5

0.6-1.0 7.7 27.5 41.7 25.4

1.1-1.5 21.3 10.4 50.0 21.9

>1.6 21.3 24.1 0.0 18.2

Mesh size (cm) of gear 0.0-0.5 0.0 1.7 0.0 7.7

0.6-1.0 71.3 0.0 28.5 30.8

1.1-1.5 0.0 66.7 43.0 38.5

>1.6 28.7 31.7 28.5 23.1

Use of different gear types No (Single gear use) 61.4 51.8 35.9 50.0

Yes (Multi-gear use) 38.6 48.2 64.1 50.0
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example, loggerhead sea turtle bycatch in the Atlantic 
longline !shery increased with an increase in total soak 
time (Watson et al., 2005). "e success of initiatives 
to change !shing practices would be dependent 
on !sher attitudes, compliance, and enforcement. 

Fisher practices and perceptions of turtle bycatch

Most !shers reported that sea turtles became entangled 
in their !shing gear (78.5%). Entanglements were usually 
accidental (89.4%) but sometimes were purposeful (2.1%) 
or context-dependent (either accidental or intentional), 
the latter dependent on their catch for the day or trip 
(Table 4). None of the respondents in Negombo claimed 
that they purposely catch sea turtles, but 4.1% and 2.1% of 
those from Kandakuliya and Palali respectively, said they 
did. Moreover, a sizable percentage of all respondents 
(42.9%) claimed that they used to catch sea turtles 
purposely in the past while !shing. "is was also re'ected 

in the percentage of !shers who eat sea-turtles, which has 
reduced from 20.5% in the past to 10.6% at present. It 
was noted that the majority of the !shers who used to 
catch, eat and sell turtles in the past were mostly older 
and claimed that it was traditional. "ese older !shers 
claimed that turtles caught in !shing gear were either 
eaten (29.5%), and/or sold in the open market to meet 
cash needs (11.4%) in the past but are now still consumed 
(10.6%) but no longer sold because of the increased 
punishment. During the interview !shers mentioned that 
in some families, younger generation would not consume 
turtle meat if they had been given as they consider it 
exotic. Such resistance and lower demand for the meat 
likely impose limits on the potential market for turtle 
meat in the region. In addition, the number of !shers 
currently involved in eating and/or selling turtle meat is 
signi!cantly lower in Palali when compared to Negombo 
and Kandakuliya (Fisher’s exact text, p = 0.011). "is could 
be because Palali was a severely war a%ected area and 

Table 4. Respondent practices and perception on turtle bycatch in the three fishing villages. NG= Negombo (n=20), KL= 
Kandakuliya (n=32), PL= Palali (n=15).

Practices and Perception
Percentage of Respondents

NG KL PL Total
Entangled sea turtles No 20.1 15.7 21.2 18.2

Yes 79.9 84.3 78.8 81.8
Caught sea turtles in the past No 30.1 12.5 6.7 16.5

Yes 69.9 87.5 93.3 83.5
Type of capture Accidental 90.0 86.7 90.6 89.4

Purposeful 0.0 4.1 2.1 2.1

Both 10.0 9.2 7.3 8.5
Fate of sea turtles entangled in fishing 
gear ten years ago

Eat 25.1 24.0 8.3 20.1

Sell 33.3 4.7 8.2 13.3

Use as Bait 0.0 0.0 0.0 0.0

Discard 41.6 71.3 83.5 66.6
Fate of sea turtles entangled in fishing 
gear in 2016

Eat 20.1 21.8 6.7 17.9

Sell 5.0 3.1 6.7 4.5

Use as Bait 0.0 0.0 0.0 0.0

Discard 74.9 75.1 86.6 77.6
Sea turtle captures by other fishers No 64.7 64.0 57.2 62.5

Yes 23.4 28.0 28.4 26.7

Don't Know 11.9 8.1 14.4 10.8
Number of sea turtles caught accidentally 
or purposefully by a fisher each year

<5 42.8 28.5 0.0 29.3

6-10 35.8 50.1 0.0 35.4

11-15 0.0 0.0 83.5 14.7

16-20 0.0 7.0 16.5 5.9

>21 21.4 14.4 0.0 14.7



J a n u a r y  2 0 2 0

9

located in high security zone, with a military camp in the 
vicinity and “regular patrolling of Navy o"cers in the area”.

Police and coast guard o&cials monitor !shers' activities 
and bycatch (63.5%). During routine patrol, the Sri 
Lanka Navy arrest !shers using illegal !shing practices 
such as using explosives and those involved in !shing 
without permits. Recent reports include twelve !shers in 
Tricomalee and Chammala (May 7, 2019) and three !shers 
in the sea area of Palliyawatta in Kalpitiya (March 19, 
2019) for using illegal nets and ten people from Negombo 
and Kalpitiya area apprehended for illegal !shing (http://
news.navy.lk/eventnews/). Some !shers from Negombo 
claimed that they had informed the police about illegal 
turtle catching (13.2%). As described by Hall (1996) 
and Ferraro & Gjertsen (2009), encouraging voluntary 
stewardship of sea turtles through education and incentive 
programs is likely to yield positive conservation results.

"e number of turtles caught in the !shing gear varied 
among respondents, with claims that “some years they may 
not have caught any but for some years it could be as high as 
twenty or more turtles per year” (Table 4). "e percentage of 
!shers who discard their turtle bycatch has also increased 
from 70.5% to 89.4% (Table 4). In 2014 Maldeniya and 
Danushka reported incidental catch rate (catch per boat) 
is as low as 0.009 catch per boat and when extrapolated to 
the total estimated e%ort it is ~103 per month. "is is much 
lower than from similar surveys in the Mediterranean 
that showed small-scale !sheries were responsible for 
approximately 60,000 sea turtle captures/year, or 45% 
of the total turtle captures estimated for the regions; 
!sheries (small-scale and commercial; Casale, 2011).

Respondent knowledge about legislation, and 
attitudes and perceptions towards sea turtle 
conservation

"e majority of respondents (87.7%) did not report 
any accidental bycatch by themselves or others to the 
authorities (Table 5) although catch data regulations of 
Sri Lanka require !shermen to maintain a logbook during 
!shing operations and record daily catch data of a !shing 
trip. Hence, the data on sea turtle bycatch in Sri Lanka is 
scarce. Fisheries and Aquatic Resource Act No 2 of 1996 
is the main legal instrument that asserts the rules and 
regulations for all !shing operations in the Sri Lankan 
Exclusive Economic Zone (EEZ), especially assert the 
rules for !shing operations in the high seas. Fishers 
are supposed to record the date of net setting, setting 
position (latitude and longitude) size of gear, number 
and weight of !sh caught. If !shers were made aware of 
the importance in turtle conservation, incidental bycatch 
reporting can be successful. It is important to convince 
!shers that reporting turtle bycatch does not present a 

threat to their !shing opportunities and livelihood. Fishers 
should be encouraged to adopt bycatch reporting as 
voluntary stewardship rather than enforced requirement. 
However, a few !shers said that if reporting turtle 
bycatch was made mandatory, then more would oblige.

Although all the respondents in Kandakuliya and Palali 
were aware that it is illegal to kill sea turtles intentionally, 
signi!cantly fewer !shers in Negombo (16.7%) had 
the same awareness (Fisher’s exact test: p=0.038). 
Nevertheless, there was no signi!cant di%erence among 
!shers in the three villages in the knowledge that sea turtles 
were legally protected animals (Fisher’s exact test: p>0.05. 
Knowledge about sea turtles protected status and legal 
status did not vary with !shers’ level of formal education 
(Fisher’s exact test: p>0.05). Level of education also had no 
in'uence on their responses to questions on consumption 
and/or selling of turtle meat (Fisher’s exact test: p>0.05).

Although the majority of the respondents (65.6%) said 
that there were no speci!c customs or beliefs of eating 
sea turtle meat, the community in Kandakuliya had 
strong beliefs (34.4%), including that “eating turtle meat 
has health bene!ts such as it is good for back pain, hernia, 
haemorrhoids and arthritis” and that “turtle meat provides 
energy and strength”. People in Kandakuliya also said they 
like to eat the turtle meat because it is “tasty”. At the same 
time, some respondents from the same village did not like 
eating turtle meat because they did not like killing turtles 
or because they believe sea turtle meat cause allergies. 

Overall, !shers had a positive attitude towards sea turtle 
conservation and feel that it was necessary to conserve 
them (71.9%). Most respondents did not feel that they 
have lost income due to turtle conservation legislation 
(85.9%). "is could be because that they have occasional 
contact with turtles and consequently the probability 
of damage caused by turtles was low. "is is in contrast 
to a study on small-scale !shers’ interaction with sea 
turtles in Crete, Greece, reporting catch of 111 to 123 
sea turtles during a 12 month period and that !shers 
consider these interactions with sea turtles and other 
marine megafauna as a large problem a%ecting their 
livelihoods (Panagopoulou et al., 2017). "e majority of 
our study respondents (77.1%) not only mentioned that it 
was important to have sea turtles around and but also felt 
that it was fair to have penalties for killing turtles (71.4%). 
Among the !shers interviewed, 5.3% had been punished 
for catching or selling sea turtles. Overall, 75.8% had eaten 
turtle meat. Among the three villages a signi!cantly higher 
number of !shers from Kandakuliya village claimed that 
they had consumed turtle meat (Fisher’s exact test: p = 
0.011). More than half of the !shers interviewed (53.6%) 
feels that there is still demand for turtle meat. "ere was 
no signi!cant di%erence for the demand for turtle meat 
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Table 5. Knowledge about legislation, attitudes and perception towards sea turtle conservation of the fishers in the three 
fishing villages. NG= Negombo (n=20), KL= Kandakuliya (n=32), PL= Palali (n=15).

Knowledge, Attitudes and Perceptions
Percentage of Respondent

NG KL PL Total
Reporting of accidental mortality to the 
authorities?

No 81.1 84.6 100 87.7

Yes 18.9 15.4 0.0 12.3

Local customs, beliefs on sea turtles or eating 
turtle meat

No 72.2 57.1 73.5 65.6

Yes 27.8 42.9 26.5 34.4

Importance of turtles in the environment No 16.6 16.7 0.0 13.1

Yes 61.0 76.8 100 77.1

Don't Know 22.4 6.5 0.0 9.8

Aware that sea turtles are illegal to kill 
intentionally

No 0.0 0.0 0.0 0.0

Yes 83.3 100 100 94.8

Don't Know 16.7 0.0 0.0 5.2

Previously punished for catching turtles No 87.5 90.0 100 91.8

Yes 12.5 10.0 0.0 8.2

Aware of officers monitoring fishers' activities 
and bycatch

No 50.0 9.7 78.5 36.5

Yes 50.0 90.3 21.5 63.5

Aware of officers patrolling the beach area 
routinely

Frequently 38.7 54.9 0.0 37.9

Infrequently 38.7 32.2 57.3 39.7

Never 15.4 12.9 28.6 17.2

Don't Know 7.2 0.0 14.1 5.2

Frequency of officers imposing penalties Frequently 62.5 62.1 6.4 48.3

Infrequently 18.6 17.2 46.8 25.0

Never 0.0 20.7 40.0 20.0

Don't Know 18.7 0.0 6.8 6.7

Fairness of penalties for catching sea turtles No 13.4 32.2 38.4 28.6

Yes 86.6 67.8 61.6 71.4

Sold or consumed sea turtle meat No 45.0 37.5 53.4 24.2

Yes 55.0 62.5 46.6 75.8

Previously punished for catching/selling sea 
turtles?

No 79.9 50.0 86.6 67.2

Yes 20.1 50.0 13.4 32.8

Ongoing demand for sea turtle meat No 53.0 52.0 28.4 46.4

Yes 47.0 48.0 71.6 53.6

Personally reported to police illegal catching/
selling turtle meat 

No 86.8 100 100 96.4

Yes 13.2 0.0 0.0 3.6

Necessary to conserve sea turtles No 22.1 19.4 0.0 15.6

Yes 66.9 74.2 73.5 71.9

Don't Know 11.0 6.4 26.5 12.5

Lost income due to sea turtle conservation 
legislation

No 94.3 93.6 60.0 85.9

Yes 0.0 3.3 40.0 10.9

Don't Know 5.7 3.1 0.0 3.1
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among the three villages (Fisher’s exact test; p>0.05). 

CONCLUSIONS

Although consumption of sea turtle meat by the coastal 
communities still remains in some areas of Sri Lanka, like 
Kandakuliya, despite the strict laws prohibiting the harvest 
and use of sea turtles, the majority of the !shers knew that 
sea turtles were illegal to kill and was aware that there were 
monitoring of sea turtle bycatch. Since the three villages 
from which we drew our respondents are relatively poor, 
sea turtle meat sometimes not only provides food for 
an individual’s household but can also bring economic 
bene!ts via sale at the market. Answering the question 
“How much is too much?” is the important issue. "e 
percentage of !shers who release bycatch and were aware 
of legislation had increased in comparison to previous 
studies, and deliberate captures and demand for meat had 
decreased with no reports of meat being sold in the open 
market. Over the years, !shers seem to have improved 
practices and have a better understanding of the threats 
of sea turtle bycatch and importance of conservation.

Above information on !sher practices and perceptions 
on sea turtle bycatch were collected by interviewing the 
respondents. What the respondents claim at an interview 
may not necessarily be what they practice and dishonesty 
can be an issue especially when they were aware that the 
questions were based on threatened, protected species.
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INTRODUCTION

Hawksbill sea turtles (Eretmochelys imbricata) exhibit 
global distribution with breeding sites mainly con!ned 
to tropical latitudes (see Wallace et al., 2010). "e 
species has established several nesting sites within the 
Arabian/Persian Gulf (herea(er referred to as the Gulf) 
comprising populations with the smallest sized adult 
individuals, globally (Chatting et al., 2018). Hawksbill 
nesting occurs in all Gulf countries (Kuwait (Meakins 
& Al-Mohanna, 2004); Iran (Mobaraki, 2004); Saudi 
Arabia (Al-Merghani et al., 2000); Qatar (Chatting et 
al., 2018); United Arab Emirates (Pilcher et al., 2014b) 
except Iraq (which has a short, unsuitable coastline) 
and Bahrain (Miller & Abdulqader, 2009). Hawksbill 
nesting in Kuwait is known from three locations, one 
mainland (Ras Al Zour) and two island sites, Qaru and 
Umm Al Maradim (UAM), with nothing published on 
turtles nesting from the mainland (see Rees et al., 2019).

Qaru (28.81528°N, 48.77698°E) is a roughly circular, 
sandy island less than 300m in diameter surrounded by 
coral reef. It is devoid of vegetation, but there is a small 
coast guard station and communications pylon based 
there. Sea turtle nesting occurs all around and over the 
island. Umm Al Maradim (28.68168°N, 48.65258°E) 
is approximately 0.55km long by 0.35km wide, again 
surrounded by coral reef. Shrubs occur over most of the 
island, especially behind the beach to the north east, and 
a substantial coastguard station and harbour have been 
constructed to the south of the island. Sea turtle nesting 
is mainly con!ned to the 200m beach at the north east of 
the island. Both islands are visited by dive operations and 
day-trippers arriving in boats. "ese tourists o(en come 
ashore to picnic and have barbeques on the beaches.

Hatching success data, the proportion of eggs that produce 
hatchlings, are useful for understanding threats at nesting 
beaches and recruitment to predict future population 
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Figure 1. Relationship between curved carapace length 
(CCL) and curved carapace width (CCW) for hawksbill 

turtle hatchlings measured in 2010, 2011 and 2013.

trajectories. Some data have been published on this topic 
from around the region (e.g. Pilcher, 1999; Chatting et 
al., 2018) however there is a general lack of published 
clutch size and hatching success data for hawksbills in the 
Gulf, which limits our understanding of fecundity of Gulf 
populations and their conservation status. We aim to 
partially address this lack through presenting the !rst data 
on accurate clutch size and hatching success from Kuwait.

METHODS

Post-hatch nest excavations to determine hatching 
success were carried out during !eld surveys in 2010, 
2011, 2013 and 2014. Excavations were undertaken at 
varying times (up to at least two weeks) following !rst 
hatching due to the non-exhaustive survey regime. 
We encountered hatchlings during excavations 
that had not managed to naturally escape the nest.

To determine nest success parameters, exhumed 
nest contents were characterised in line with Miller 
(1999) as Shells (S; number of empty shells over, 50% 
complete), Unhatched eggs with full term embryos in 
the egg or pipping (UHT), Unhatched eggs containing 
dead embryos (UH), Undeveloped eggs with no visible 
sign of embryos (UD), Dead and Live hatchlings 
still in the nest chamber (D and L respectively) and 
yolkless eggs, which resemble small eggs but lack yolk.

Parameters were calculated using the formula below 
(Miller 1999) and data summaries presented as mean ± 
standard deviation.

Clutch size (CS) = S+UD+UH+UHT
Hatching success (HS%) = S/(CS)*100
Emerged hatching success (EHS%) = (S-D-L)/
CS*100

Hatchlings found alive in the nest at excavation had 
Curved Carapace Length (CCL) and Curved Carapace 
Width (CCW) measured using a 'exible tape measure to 
1mm and were weighed with either an uncalibrated Vastar 
Pocket Digital Scale or a Tanita 1479V scale to 0.1g. Several 
additional emerged hatchlings that were opportunistically 
found on the beach were also measured and weighed. We 
statistically compared hatchling weights between the two 
groups (excavation and beach) with the Wilcoxon rank 
sum test. Statistical signi!cance was accepted at P<0.05.

RESULTS

A total of 16 nests were excavated. Eight nests were 
processed in 2010, four in 2011 and two each year in 
2013 and 2014. Twelve nests were excavated on Qaru 
and four on UAM. Clutch size from pooled data was 

77.1±17.8 eggs (range 44-100 eggs, n=16) and each nest 
contained an additional 12.5±8.3 yolkless eggs (range 
2-26 eggs, n=16). Hatching success was 57.7±26.3% 
(range 5.5-95.5%, n=16) and emerged hatching 
success was 41.2±30.5% (range 4.2-87.2%, n=16).

Morphometrics were collected from two hatchlings 
found on the beach in 2010 and a further 46 hatchlings 
found alive in the nest during excavation in 2011 
and 2013. Mean CCL of pooled data was 3.9±0.2 
cm (range 3.7-4.3cm, n=48) and mean CCW was 
3.6±0.2cm (range 3.0-4.0cm, n=48). "ere was a 
positive correlation between CCL and CCW (Figure 1).

Weights were recorded for eight hatchlings encountered 
on the beach, which had emerged from two nests, and 70 
hatchlings found alive in the nest during excavation of six 
di%erent nests. Average weights did not di%er signi!cantly 
between the two groups (excavation and beach; 
W=248, p=0.604), so we pooled the results. Hatchlings 
weighed on average 11.0±1.1 g (range 8.5-13.8g, n=78).

DISCUSSION AND CONCLUSION

Our mean CS and number of yolkless eggs (77.1 and 
12.5 respectively) is in line with other populations in the 
region (e.g. 70.2 and 17.1 respectively from Saudi Arabia 
(Pilcher, 1999)), which is to be expected as hawksbills 
within the Gulf have evolved and adapted to similar 
environmental conditions in contrast to populations 
outside the Gulf (Pilcher et al., 2014a; Chatting et al., 2018).
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Average HS was low but variable, again similar to 
Pilcher (1999), and included six nests with rates of 
80% or higher. A larger sample size from any one year 
would negate any sampling bias that may be present in 
our current results. However, it is clear that even with 
a small population, laying only a few tens of nests each 
season in a very hot environment, lack of adult males 
and clutch fertility is not yet an issue. However, the 
number of males siring each new year’s cohort may 
already be limited as only one adult male hawksbill has 
been reported to be present in the waters around Qaru 
for at least 14 years (Rees et al., 2013). "e prognosis of 
increasing global temperatures due to climate change 
will increasingly female-skew hatchling production 
unless sea turtles change their breeding phenology.

Contrary to the !ndings of Pilcher (1999) who found no 
hatchlings during post-hatch nest excavations conducted 
two to three days a(er !rst emergence, we found up to 
36, both alive and dead, leading to our low and variable 
EHS. "e sand above one nest with poor emergence 
success was blackened or scorched, which suggests 
some sort of surface !re, possibly a tourist’s barbeque, 
killed the hatchlings and term embryos below. Other 
possible factors a%ecting either hatching or emergence 
success were identi!ed as roots in!ltrating the clutch 
and numerous stones and cement chunks (from decrepit 
walkways and platforms) around nests. A full assessment 
of the diversity of threats to eggs and hatchlings and their 
impacts on hatching and emergence success is warranted.

Hatchling weights from our study were less than those 
in Saudi Arabia (Pilcher, 1999) by on average 3.3g, 
but were of similar length and width. "e di%erence 
in weight is likely due to considerable dehydration of 
the hatchlings in our samples that were weighed up 
to two-weeks from eclosion compared to the weights 
of freshly hatched hawksbills in the other study.

To better understand annual cohort recruitment into 
the population of hawksbills nesting in Kuwait a more 
consistent and extensive nest excavation regime needs 
to be enacted, ideally at all three nesting areas. A larger 
sample size will con!rm true recruitment levels and 
provide better understanding of factors causing reduced 
hatching success, which can be addressed through targeted 
conservation measures. We encourage all other researchers 
to publish similar data sets they possess and/or to establish 
regular assessments of clutch size and hatching successes 
so that a more complete understanding of reproductive 
and recruitment dynamics is obtained for the Gulf region.
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Although considered rare, leatherback turtles 
(Dermochelys coriacea) are found throughout the Southern 
West Indian Ocean (SWIO) and have been recorded in 
Kenyan waters (Frazier, 1975; Zanre, 2005; Hamann et al., 
2006). "e only known signi!cant nesting of leatherbacks 
in the region occurs at the Maputaland rookery in South 
Africa and Mozambique (Nel et al., 2013; Pereira et al., 
2014). In Kenya, nesting has been recorded for green 
turtles (Chelonia mydas), hawksbill turtles (Eretmochelys 
imbricata) and olive ridley turtles (Lepidochelys olivacea) 
at various places along the coast (Okemwa et al., 2004; 
Olendo et al., 2017). One of these locations is the beach 
of the Watamu Marine National Park (WMNP), which 
is considered a key nesting site in Kenya (Okemwa et al., 
2004). "e majority of the nests laid on this beach are 
from green turtles, although olive ridley and hawksbill 
turtle nests have been recorded too (Okemwa et al., 2004).

Since 1997, Local Ocean Conservation (LOC) has 
been monitoring the beach of the WMNP (3.385472°S, 
39.980611°E) and surrounding areas, under the auspices 
of the Kenya Wildlife Service (KWS). A team of trained 
beach and nest monitors (herea(er “monitors”) patrol 
the beach of the WMNP every night for two hours 
either side of high tide, resulting in a minimum patrol 
e%ort of four hours per night. "e nesting turtle reported 
here was encountered during one of these patrols. 

"e monitors spotted the turtle at the end of a night 
patrol, in the early morning of the 23 January 2014. 
"e nesting event took approximately 150 minutes 

and !nished a(er sunrise. "is is longer than the total 
nesting time reported in other sources: of 93 minutes 
(Carr & Ogren, 1958) and 113 minutes (Eckert & 
Eckert, 1985) and 118 minutes (Reina et al., 2002). 

"e nesting female measured 156.1cm long (curved 
carapace length; CCL) and 106.0cm wide (curved carapace 
width; CCW), which is within the size range of a mature 
female leatherback in the Indian Ocean (Eckert et al., 
2012). "e turtle looked to be in good condition, but she 
did have a deep cut on the le( shoulder. It was noted that 
the cut was not bleeding and looked like an old wound. 
It was a clean cut which suggests that it was caused by a 
knife. It is possible that the turtle became entangled in 
!shing gear and was injured as she was cut free. However, 
the injury did not unduly a%ect the nesting process.

Due to the presence of tourism activities and the high 
volume of foot tra&c in the vicinity of the nesting site, 
there was a signi!cant risk of the nest being trampled. 
If the nest was fenced o% and signposted, this would 
have attracted more attention and created a risk of it 
being disturbed. It was, therefore, decided to move the 
clutch approximately 200m along the beach to a more 
secluded area. "is was done immediately a(er the 
clutch was laid using methods similar to those outlined 
by Mortimer (1999). "e clutch was made up of 91 
eggs and 6 shelled albumen gobs. Average clutch size 
in the Maputaland rookery is 104 eggs (range: 60-160).

As per standard LOC protocol, the nest was monitored 
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daily for signs of disturbance or hatching. A(er 77 days 
the nest had not shown signs of hatching and since the 
average incubation of leatherback nests is approximately 
60 days (Eckert et al., 2012), it was decided to excavate the 
nest. "e entire clutch had failed to produce hatchlings 
and inspection of the unhatched eggs showed no visible 
signs of embryonic development. It is more likely the eggs 
died during early stages of embryonic development than 
being infertile (Bell et al., 2004). Why the nest failed is 
unknown, as the LOC monitors need to relocate cluctches 
regularly and the success rates are similar to those le( in-
situ (70-80% hatching success, van de Greer, unpubl. data).

Although leatherback turtles have been encountered 
in the seas around Watamu before, nesting has never 
been reported anywhere along the Kenyan coast. "is 
nesting event is unique in being the !rst documented 
leatherback nesting events in Kenya. "e Maputaland 
rookery is approximately 3,000km south of Watamu and 
is the closest known consistent nesting site. Tracking of 
post-nesting females from this rookery has shown that 
a signi!cant portion of the population migrates north 
along the Mozambican coast and settles in the Sofala 
Banks area (Robinson et al., 2016; Harris et al., 2018). 
None of the tagged turtles, however, continued their 
migration along the coast into Tanzanian waters or 
Kenya beyond. One individual did appear to be heading 
further north in the open waters of the Mozambique 
Channel but even this track stops circa 650km short of 
the Tanzanian border (Harris et al., 2018) and 1,500km 
short of WMNP. An alternative origin of the Watamu 
female is the rookery on Little Andaman Island (India), 
which is approximately 6,000km from Watamu. Post-
nesting females from Little Andaman Island were tracked 
migrating into the SWIO, one of which appeared to be 
heading for Tanzania or Kenya (Swaminathan et al., 2019).

Video of the nesting event can be viewed at https://
youtu.be/pr2JoaLlr4w or by searching on YouTube for 
“Leatherback sea turtle laying eggs and swimming in Kenya”.
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INTRODUCTION

Green Habitat is an NGO committed to the conservation 
of sea turtles at Chavakkad beach (10.62o N, 75.99o E), 
Kerala, South India. "is is the largest nesting site for olive 
ridley (Lepidochelys olivacea) turtles in Kerala, with most 
nesting on the 6km coastline spanning Edakkazhiyur, 
Panchavadi and Akalad. Olive ridley turtles nest 
annually at Chavakkad beach from November-March. 
"e species is categorised as Vulnerable on the IUCN 
Red List (IUCN, 2010) and included in Schedule-I of 
the Indian Wildlife (Protection) Act, 1972. Since the 
largest nesting congregation of olive ridley turtles in 
Kerala is on Chavakkad beach, conservations e%orts at 
this site are important to the local nesting population.

Threats to turtles at Chavakkad beach
Local !shers and other residents have informed Green 
Habitat that consumption of turtle eggs used to be a 
prevalent practice in the region, as it was believed the 
eggs were a cure for conditions such as asthma and 
piles (haemorrhoids). "e consumption of turtle meat 
also occurred but was comparatively less common. 
"reats to sea turtles and their habitats in the area 
have also included relatively high rates of bycatch 
(James et al., 2019 and Saleem et al., 2019b), light 
pollution and beach sand mining (Sundaram, pers.obs.).

Local stakeholders
Local stakeholders include !shers, teachers, 

businesspersons and other persons from di%erent 
occupations. "e Forest Department has given support 
to the NGO by their presence at the meetings with the 
local !sher folk and other stakeholders. "e NGO has 
also collaborated with local groups and self-government 
institutions, including the Mullassery Block Panchayat 
(rural local government), Pavaratty Gram Panchayat 
(village council), Chavakkad municipality, Seethi Sahib 
V. H. S. School, Edakkazhiyur, Open Scout Group of 
Enammakal, and local voluntary organisations, schools, 
colleges and clubs. "e Seethi Sahib V.H.S. school has 
a club namely National Green Corps and some of the 
students from this club volunteer for Green Habitat.

At times, there has been no consensus between the various 
stakeholders, including !shers, government departments 
and conservation organisations such as Green Habitat, 
about what should be done to conserve sea turtles. 

Sea turtle monitoring and conservation by Green 
Habitat
"e Kadalamakale Samrashikkuka (Save the Sea Turtles) 
programme of Green Habitat started in 1998 and has 
included activities to stop illegal egg sale and collection, 
reduce bycatch, and protect turtle nests by moving them 
to a hatchery. "e local community members initially 
resisted the NGO’s e%orts by destroying the turtle nests 
in the hatchery and objected to the awareness activities 
about the illegality of selling turtle eggs that would impact 
their livelihoods. A(er the initial resistance Green Habitat 
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activities were then ignored, but !nally we received slow 
acceptance as local peoples realised the importance 
of turtle conservation and also the legal implications.

During the nesting season, nightly foot patrols by 
volunteers were conducted along Chavakkad beach 
to look for turtle tracks and nests. "e majority of the 
volunteers were members of the local !shing community, 
and their involvement allowed Green Habitat to further 
engage with local stakeholders. Eggs were threatened 
by human poachers, jackals, and dogs so a hatchery was 
constructed on the beach. Hatchlings emerging from the 
hatchery are released to the sea with local !shers and other 
community folk, Panchayat members, other government 
o&cials, college students and school children as invited 
observers (Figure 1). Speci!c details of these activities 
are described by Sundaram et al. (2019) and Saleem et 
al. (2019a). Green Habitat has successfully protected 56 
nests and ensured the safe release of 3,784 hatchlings 
into the sea to date. If the hatchery programmes 
were to further involve the local community with 
incentives and alternate livelihoods, the success of the 
sea turtle conservation initiatives may further increase.

Awareness activities by Green Habitat 
Green Habitat’s endeavour was to educate coastal 
people not just regarding the need to save olive ridley 
turtles that nest along the shores but also to create 

Figure 1. Release of sea turtle hatchlings by Green Habitat. (Photo by Saleem iFocus)

awareness that every species is interdependent and the 
value of taking care of the environment. Awareness 
was initiated by grass root activities. Green Habitat 
conducted awareness activities with !ve local schools. 
"e hatchery has been used as a venue for activities to 
raise awareness among local people about threats to 
sea turtles and their importance. Painting competitions 
engaged younger children and workshops, lectures and 
!eld demonstrations introduced older participants to sea 
turtle biology, distinguishing among sea turtle species, 
and monitoring of nesting beaches, collecting sea turtle 
eggs and hatchery management. One activity focused 
on the legal implications of poaching of turtle eggs.

Green Habitat has also set up stalls at major biodiversity 
events. One such stall was put up in Kerala State 
Biodiversity Congress 2019, Govt. Brennen College, 
"alasarrey, Kannur, held during 26-28 January 2019 
(Figure 2). "e event was attended by approximately 
!(y participants from the entire state of Kerala. "e 
event was inaugurated by the chief minister of Kerala. 
"e stall by Green Habitat was awarded as one of the 
best stalls on conservation. A similar stall was set up on 
the occasion of Panchayat day celebrations at "rissur 
district, Kerala. All the panchayats from "rissur 
district attended the event. Green Habitat represented 
Punnayur Panchayat. "e event was for !ve days and 
Kerala state ministers attended the event. "e awareness 
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programmes and the sea turtle release events have been 
extensively covered by print as well as visual media. All 
the local media created a mass awareness along Kerala 
state in general and "rissur district in particular.

"e majority of community members now have a 
positive attitude towards sea turtle conservation, and do 
not consider sea turtle conservation legislation to have 
resulted in loss of livelihoods. Green Habitat awareness 
programmes have led to nil consumption of eggs and meat, 
and !shers have started releasing bycatch turtles back into 
the sea. Fishers are now very careful while !shing in local 
waters, especially during the breeding season. Removing 
or reducing night-time illumination on the beaches 
during the nesting season and beach clean-ups have been 
conducted with the help of Gram Panchayat. Sand mining 
has totally stopped on the coastline used by nesting turtles.

CONCLUSION

Seeing, observing and participating in the conservation 
activities of Green Habitat has resulted in a gradual shi( 
in the mindset of stakeholders, including the !shers, sea 
turtle biologists, and local conservationists, and they have 
now come together. "e number of nesting turtles have 
increased over the years from one nest in 1998-99 to 12 
in 2018-19, hopefully due to the e%orts of Green Habitat.

Sea turtle ecotourism and a sea turtle festival could be 

considered in the future by Green Habitat. Sea turtle 
ecotourism, if well managed, has been identi!ed as a 
valuable way to conserve endangered sea turtles and also 
provides livelihood opportunities to the local population 
(Pawar, 2016). "e future plans of Green Habitat also 
include setting up sea turtle conservation and research 
centre on Chavakkad beach along with an exhibition centre 
and a quarantine tank for rehabilitation of injured turtles. 
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"e 39th International Sea Turtle Symposium was held 
in Charleston, South Carolina, USA from February 2-8, 
2019. "e theme of the Symposium was “Navigating the 
Future”. "is forward-looking theme encouraged us to 
envision future conservation problems before they arise, 
acquaint ourselves with the emerging frontiers of sea 
turtle biology, and honour our covenant to the natural 
world by steering our way toward a bright future for sea 
turtles and humanity. "e symposium featured a record 
number of workshops (25) encompassing a wide range 
of topics, as well as a full suite of regional meetings, 
which allowed participants to discuss region-speci!c 
issues. "e main days of the symposium featured over 
400 oral and poster presentations in eight traditional 
categories, as well as four special sessions unique to 
the 2019 symposium. "e meeting provided abundant 
opportunities to socialise with old friends and to meet new 
ones. In addition to the opening social and the traditional 
farewell banquet, a host of evening events were held, 
including !lm night, the student mixer, speed-chatting 
with the experts, the dance-your-research competition, 
the sea turtle trading post, and the live and silent 
auctions. "e Symposium attracted approximately 830 
registrants from 52 di%erent countries around the world.

Logo. "e logo for the 2019 International Sea Turtle 
Symposium combined a hatchling turtle with a compass 
rose and symbolised the theme of the symposium: 
Navigating the Future. "e logo had additional meaning 
for the University of North Carolina research team 
headed by Professor Ken Lohmann (2019 ISTS President) 
and Professor Cathy Lohmann. For them, the emblem 
also celebrated thirty years of research on the mystery of 
how sea turtles navigate, with the compass representing 
the magnetic sense of turtles and the central role it 

plays in long-distance navigation and natal homing. "e 
logo was designed and drawn by Dawn Witherington.

Going Green - Zero Waste. E%orts were made to make the 
symposium more environmentally friendly. No plastic was 
used at symposium co%ee breaks or other events. Instead 
of paper mailings, announcements were distributed 
through e-mail lists, the ISTS website and various social 
networks. All registrants were also provided with a free 
souvenir co%ee mug emblazoned with the symposium 
logo for use during co%ee breaks. "e hotel that served 
as the symposium venue also has environmentally 
friendly policies in place, including the following:

• JHM Hotels, owner of the Charleston Marriott, partners 
with Clean the World to recycle soap and other toiletries 
to help the environment and to help those in need.
• All lighting was recently replaced with LEDs throughout 
the hotel.
• Recycling, co-mingle, and composting programmes 
were in place.
• Motion-sensing thermostats are currently being 
installed in all guest rooms.
• Towel and linen recycling programs exist.
• Paper straws have replaced plastic straws throughout 
the hotel. 
• Recycle receptacles are located in each guestroom.

"e College of Charleston’s Zero Waste Program 
also volunteered for the symposium with the goal 
of making the 2019 ISTS a zero-waste conference. 
"e Zero Waste Program is managed by the College 
of Charleston’s O&ce of Sustainability, which works 
closely with the College’s Dining Services (Aramark) 
and the organics hauling company SMART Recycling 
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to divert as much organic waste from the land!ll as 
possible. "e Zero Waste Team consists of College of 
Charleston undergraduates and recent graduates. We 
thank Dr. Ashley Lavender for arranging this partnership 
between the ISTS and the College of Charleston. 

Workshops and Regional Meetings. Workshops and 
regional meetings were scheduled during the three days 
prior to the main four-day symposium. "ese early 
events provided participants with opportunities to share 
research techniques and exchange information about 
environmental and sea turtle conservation issues. "e 
workshops and meetings attracted a large number of 
attendees and were highly successful. A total of twenty-
!ve workshops were held: (1) Sea Turtle Rehabilitation 
and Veterinary Medicine; (2) Unmanned Aerial Vehicles 
(Drones): Problem-solving, Turnkey Systems, and 
What's Next; (3) Captive Rearing for Research and 
Conservation; (4) Does What We Do Matter? "e Critical 
Need to Evaluate and How To Do It; (5) Geographic 
Information System; (6) Advanced Veterinary 
Techniques; (7) Migratory Connectivity in the Ocean: 
Global Sea Turtle Migratory Routes and Connected 
Areas; (8) Temperature-dependent Sex Determination: 
From Molecular Biology to Evolutionary Ecology; (9) 
Reproductive Physiology: What Turtle Gonads Reveal 
and How to Read "eir Secrets; (10) Recreational Fishing 
Interactions with Sea Turtles; (11) Beyond the Brochure: 
Creating a Meaningful Education Component to Help 
Secure your Research Grant; (12) Global Perspectives on 
Photo ID as a 21st Century Tool for Sea Turtle Research 
and Conservation; (13) Getting the Most out of Satellite 
Telemetry for Marine Turtles; (14) Marine Debris and 
Sea Turtles; (15) Environmental Contaminants and Sea 
Turtles; (16) Tortoiseshell Trade: Current Status and 
Outreach E%ort; (17) Finding the Solution for Light 
Pollution through Collaborative Management; (18) How 
Engineered Beaches Change Sea Turtle Nesting and 
Incubation; (19) Measuring and Mitigating Rising Nest 
Temperatures; (20) Assessing Trends in the Biodiversity 
of Marine Turtles from 2010-2020 to Contribute to 
the 2nd United Nations World Ocean Assessments; 
(21) Eastern Paci!c Leatherback Workshop; (22) "e 
Global Male Sea Turtle Initiative: Adding Males to the 
Conservation Equation; (23) How to Fund Sea Turtle 
Conservation Projects; (24) Updates on the Status of Sea 
Turtles Worldwide and How Proposed Changes to the 
U.S. Endangered Species Act Might A%ect "em; and 
(25) Trending Research Topics and Techniques (led by 
the Student Committee.) In addition to the workshops, 
seven regional meetings were also held, allowing 
participants from around the world to discuss speci!c 
problems and challenges impacting their regions. "ese 
regional meetings included Africa, East Asia, Indian 

Ocean and South-East Asia (IOSEA), Mediterranean, 
Paci!c Islands/Oceania; Latin America (RETOMALA), 
and the IUCN Marine Turtle Specialist Group (MTSG).

Main Symposium Program. "e main symposium began 
with opening remarks from the 2019 ISTS President Ken 
Lohmann, followed by three keynote speakers. Elena 
Mustakova-Possardt addressed attendees on the topic of 
“Meeting the Future with Constructive Resilience”. Elena 
is an educator, social scientist, and former professor in 
adult developmental psychology, as well as a counselor 
and psychotherapist in private practice in the metro 
DC area. Her talk focused on the need to face political, 
social, and environmental challenges with constructive 
resilience that allows us to persevere through upheaval 
and setbacks. Colin Limpus, who serves as Chief Scientist 
of the Aquatic Species Program in Queensland, Australia, 
presented the second keynote address, titled “Fi(y Years 
of Walking with Turtles: Looking Forward from Down 
Under”. "is talk highlighted important events in the 
history of sea turtle biology and conservation, as well 
as lessons for the future. Sally Murphy, former head of 
the South Carolina sea turtle program, concluded the 
opening session by providing a brief reading from her 
newly published memoir Turning the Tide. She also 
shared amusing anecdotes from the early days of the ISTS. 

"e Symposium program of oral and poster presentations 
ran from Tuesday, February 5th through Friday, February 
8th. Program Chairs John Wang, Kate Mans!eld, and 
Nathan Putman, along with Poster Chair Larisa Avens 
and 38 Session Chairs, developed an amazing symposium 
program consisting of 172 oral papers and 232 posters. 
Many of the presentations were within the traditional eight 
session categories: (1) Anatomy, Physiology and Health; 
(2) In-Water Biology; (3) Nesting Biology; (4) Population 
Biology and Monitoring; (5) Fisheries and "reats; (6) 
Conservation, Management and Policy; (7) Education, 
Outreach and Advocacy; and (8) Social, Economic and 
Cultural Studies. In addition to the traditional regular 
sessions, four special sessions were also held: “Genetics and 
Genomics of Sea Turtles, from Research to Conservation”; 
“Using Science to Inform Conservation Policy: Past, 
Present and Future”; “Navigation, Migration, and Natal 
Homing”; and “"e Future of Sea Turtle Conservation”.

Film Night. Chairs Tom Backof, Christian Gredzens 
and Katherine Comer Santos gathered 22 short 
!lms highlighting elements of sea turtle research, 
conservation and outreach from diverse geographic 
areas, including Florida, Surinam, Italy, California, 
Papua, Ghana, Argentina, Gulf of Mexico, Texas, 
Brazil, and Costa Rica. "e !lms were shown 
publicly during one evening of the symposium.
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Student Committee. "e Student Committee (chaired by 
Katherine Shaw, Christopher Gatto and Itzel Sifuentes) 
coordinated activities designed to welcome and assist 
student attendees. "ree activities were undertaken. "e 
!rst was “Student Presentation Feedback”, in which 81 
volunteer evaluators provided feedback and suggestions 
for 157 student presentations. "e second activity was 
a Workshop titled “Trending Research Topics and 
Techniques”. "is workshop covered a range of di%erent 
techniques that are currently at the forefront of sea turtle 
research. Experts on these techniques (Richard Reina, 
Ryan Chabot, Brian Shamblin, Boris Tezak, Franciscus 
Scheelings and Camryn Allen) shared information with 
25 attendees on how these techniques were developed, 
how they are currently being used, the methodology 
behind the techniques, and how the techniques might 
potentially be used in the future. Lastly, with the goal 
of promoting networking and communication among 
students and other symposium participants, the Student 
Social Mixer event was held together with “Speed 
Chatting with the Experts” and the new “Sea Turtle 
Trading Post”.  A brief description of these events follows.

Speed-Chatting with the Experts. For a small 
fee, symposium attendees had the opportunity to have 
one-on-one chats with top research and conservation 
experts. All funds raised went to support the symposium 
travel grant fund. Nine experts shared their knowledge 
and experiences in 5-minute slots in themes such as 
community-based conservation, bycatch reduction, 
genomics and ecophysiology, endocrinology and sex 
identi!cation, spatial and movement ecology, human 
dimensions of sea turtle conservation, animal behaviour 
and magnetic navigation, interactions between animals 
and environment, population biology and TSD, and 
conservation using genetic tools. "e experts were: Jesse 
Senko, Lisa Komoroske, Camryn Allen, Dan Evans, 
Natalie Wildermann, Catherine Lohmann, Nathan 
Putman, Marc Girondot, and Carlos Carreras Huergo.

Sea Turtle Trading Post. Many groups that 
work on sea turtle biology and conservation have surplus 
equipment and supplies that are no longer needed. 
A new event was therefore developed to !nd new 
homes for this equipment. "e sea turtle community 
was invited to donate new or gently used !eld and lab 
equipment, and people interested in acquiring each item 
of equipment could enter their names in a draw "e 
bene!ciaries were primarily students, as well as projects 
from low-income countries. Donated items included 
GPS gear, !eld notebooks, tape measures, markers, 
headlamps, cameras, rain ponchos, and insect repellent. 
"is !rst year was a resounding success and the event 
will be continued and expanded in future symposia.

Social Events. "e social component of the symposium 

included the Welcome Social, Student Committee 
activities, the Silent and Live Auctions, and the Award 
Ceremony and Banquet. "e Welcome Social was held 
at the South Carolina Aquarium. Participants were able 
to enjoy drinks and Charleston cuisine while viewing 
the numerous marine animals and exhibits. "e Silent 
and Live Auctions, as usual, were among the most 
popular events. Auctioneers Larry Wood and Marina 
Zucchini were pleased to announce that the events 
jointly raised approximately US$22,000 to help ISTS 
members attend future symposia via travel grants.

"e banquet was held in the evening of the !nal day of 
the symposium. Events included the Award Ceremony 
in which numerous awards were presented, including 
the Archie Carr Student Award, the ISTS Career 
Awards and the Grassroots Conservation Award. "e 
formal portion of the evening closed with words of 
appreciation from the President and the ceremonial 
passing of the ISTS Presidential Trowel to incoming 2020 
President Diego Amorocho. A(erwards there was music 
and dancing to celebrate the end of the symposium.

ISTS Career Awards. Erin Seney, ISTS Career Awards 
Committee chair, and her committee (Shaya Honarvar, 
Sheryan Epperly and Irene Kelly) presented awards to 
an incredible group of recipients. 2019 ISTS Lifetime 
Achievement Awards were presented to Michael Salmon 
(USA), Eng Heng Chan (Malaysia), René Márquez-
Millán (Mexico), and Je%rey Miller (USA). Recipients 
of the 2019 ISTS Champions Awards were the Family 
Island Research and Education Foundation (Bahamas), 
Jeannie Martin (USA), Wallace J. Nichols (USA), and 
Jeanette Wyneken (USA). Roderic Mast (USA) was 
the recipient of the Ed Drane Award for Volunteerism. 
Additionally, ISTS President Ken Lohmann presented 
the 2019 President’s Awards to the Bald Head Island 
Conservancy (USA) and to the University of Georgia 
Sea Turtle DNA Fingerprinting Projct (USA).

Archie Carr Student Awards. Chairs Matthew Godfrey 
and Andrea Phillott received requests to consider 121 
student presentations (53 orals and 68 posters) for student 
awards. Numerous judges assisted with evaluation 
of presentations, including Aliki Panagopoulou, 
Amanda Southwood-Williard, Ana Barragan, Bibi 
Santridian Tomillo, Craig Harms, Daphne Wrobel 
Goldberg, Jennifer Lynch, Marc Girondot, Mark Dodd, 
Mark Roberts, Mike James, Qamar Schuyler, Rupika 
Rajakaruna, Shaya Honarvar, Yakup Kaska and Zoe 
Meletis. Eight students were recognized for outstanding 
presentations. In Biology: Boris Tezak (oral winner), 
Kayla Goforth (oral runner-up), Robert Johnson 
(poster winner), MacKenzie Tackett (poster runner-
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up). In Conservation: Alessandra Bielli (oral winner), 
Emily Duncan (oral runner-up), Katie Mascovich 
(poster winner) and Mia El-Khazen (poster runner-up).

Grassroots Conservation Award. "e judges 
(Alejandro Fallabrino, Angela Formia, Jack Frazier, 
Milagros Lopez, Muralidharan Manoharakrishnan, 
Wallace J. Nichols, Manjula Tiwari and Ingrid 
Yanez) evaluated the self-nominated presentations. 
"e award was given to Sea Turtle Conservation 
Curacao for their presentation “E$ective Conservation 
through Partnership with Precious Plastic Initiative”. 

Dance-Your-Research Competition. "e Dance-Your-
Research Competition was held for the second time. 
"is year, the Golden Hawaianas (Flip-Flops) were 
awarded to Leyna Stemle, Phillip Allman and Andrew 
Agyekumhene from Ghana Turtle Conservation Project 
for the dance performance representing their research 
“Nesting Sea Turtles in Ghana, West Africa”. "eir research 
involved estimating the number of nests produced by 
each sea turtle species in their work area, evaluating 
the spatial distribution of nests, and gaining insights 
into hatching success. In the submitted video, children 
from University Practice South Special School danced 
to drums while portraying sea turtles going through 
all stages of the nesting process, including swimming 
to shore, crawling onto the beach, digging the nest, 
laying eggs, covering the nest, and reentering the ocean.

Exhibitors and Vendors. Chair Janet Hochella 
coordinated 25 exhibitor and vendor displays that 
attendees visited throughout the week. "e exhibitors 
included: Barbara’s Sweetgrass Baskets; Bioko Marine 
Turtle Program; Casa de Coco Conservation Project; 
C&W Energy Solutions; Cefas Technology Limited; 
Center for Biological Diversity; Holbrook Travel; 
Karumbé; "e Leatherback Trust; Lotek; Malama na 
Honu; Marine Life Alliance; National Marine Fisheries 
Service; Oceanic Society; Sea Turtle Conservancy; "e 
Ocean Foundation’s St. Croix Leatherback Project and 
Boyd Lyon Sea Turtle Research Fund; St. Kitts Sea Turtle 
Monitoring Network; SEE Turtles; Telonics Inc.; Turning 
the Tide (memoir by Sally Murphy); Turtle Conservation 
Project Sri Lanka; Turtles In Clay; U.S. Navy Stewards 
of the Sea; Widecast; and Wildlife Computers.

Closing Session. "e symposium closed with a 
special session featuring two keynote addresses. "e 
!rst was by Blair Witherington and titled “What’s 
the Point of Sea Turtle Conservation When We’re 
All Going to Die?”. "e second was by Wallace J. 
Nichols, titled “Sea Turtles are Medicine”. Final closing 
remarks were made by Ken Lohmann, ISTS President.

Society Business Plenary. "e 2019 ISTS Business 
Meeting was held on Friday, February 8th. ISTS President 
Ken Lohmann called the meeting to order and reports 
were provided by the Treasurer, Travel Grants Committee, 
Nominations Committee, and Student Committee. 
Other issues related to the Society were also discussed. 
No resolutions were submitted for consideration 
at this Symposium. Diego Amorocho, 2020 ISTS 
President, provided information regarding next year’s 
symposium, which will be held in Cartagena, Colombia. 
"e theme of next year’s meeting is “Vision 20/20” 
and the symposium will be held March 14-20, 2020.

ISTS Elections. Kellie Pendoley from Australia 
was elected President for the 2021 symposium. "e 
elections also added two new members to the Board 
of Directors (year indicates board member’s end 
of term): Maria Angela “Neca” Marcovaldi (2024) 
and Marco Garcia-Cruz (2024). Roldan Valverde, 
Mustapha Aksissou and Gabriela Velez-Rubio were 
elected to join the Nominating Committee. Hector 
Barrios-Garrido joined the Career Awards Committee.

Travel Grants. Making the symposium accessible to 
students and international participants is a priority of 
the Society, and to this end travel grants are provided to 
o%set the cost of attending. Alexander Gaos chaired the 
Travel Grant Committee. Regional Travel Chairs were 
ALan Rees, Alejandro Fallabrino, Aliki Panagopoulou, 
Andrea Phillott, Angela Formia, Emma Harrison, Karen 
Eckert and Kelly Stewart. "e ISTS, with assistance from 
"e Conservation Foundation, was able to support a 
total of 127 travel grant applicants with full lodging 
during the symposium. "e distribution of bed grants 
per region was as follows: six to Africa representatives; 
six to Southeast Asia/Paci!c; seven to South Asia; 11 to 
Europe; three to Caribbean; 24 to Mexico and Central 
America; 27 to South America; and 43 to US and Canada.

Funding. Generous funding by many organizations 
and individuals contributed to the success of the 2019 
ISTS. "e organizing committee deeply thanks the 
following donors for their generosity. At the Gold 
level ($10,000-$24,999): Ripley's Aquariums (Ripley 
Entertainment, Inc.). At the Silver level ($5,000-$9,999): 
"e Conservation Foundation; Sea Turtle Conservancy; 
Wildlife Computers; Lohmann Lab (UNC-Chapel 
Hill); University of North Carolina College of Arts and 
Sciences; and Ocean Conservancy. At the Bronze level 
($1,000-$4,999): National Oceanic and Atmospheric 
Administration (NOAA); South Carolina Aquarium; 
Lotek; Gumbo Limbo Nature Center; National Save "e 
Sea Turtle Foundation; George H. Balazs & Golden Honu 
Services of Oceania; Turtle Hospital; Virginia Aquarium 
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& Marine Science Center; Sea Turtle Association of 
Japan; Beyond Protection; Network for Endangered 
Sea Turtles (NEST); New England Aquarium; Coastal 
Wildlife Club, Inc.; Texas State Aquarium; Karen 
Beasley Sea Turtle Rescue and Rehabilitation Center; 
Loggerhead MarineLife Center; and Kona Brewery 
Company. At the Aluminum level ($500-$999): "e 
Leatherback Trust; Turtle Time, Inc; Southeast Regional 
Sea Turtle Network (SERSTN); Ecological Associates, 
Inc.; Georgia Sea Turtle Center; LGL Ecological Research 
Associates; College of Charleston O&ce of Sustainability; 
and Mike & Jeanette. At the Inconel level ($25-$499): 
Gabriella Carvajal; David Fittingho%; Nicholas & 
Sandra Fittingho%; Kymberlee Haynes Castillo; Janet 
Hochella; Kate Mans!eld; Sandra Pfeifer; Lisa Rodriguez; 
Erin Seney; Debbie Sobel; Kelly Stewart; and Jeanette 
Wyneken. We are also grateful to those who donated 
items for the auctions and to those who bid on them.

Acknowledgments. Organising and putting on the 
Charleston symposium required an immense team 
e%ort. It could not have been accomplished without a 
small army of dedicated members willing to take on 
leadership roles, serve on committees, and assist with 
diverse tasks such as registration, workshop organisation, 
fundraising, arranging travel grants, and putting on the 
auctions. By alphabetical order of their !rst name, the 
Society thanks Alan Bolten, ALan Rees, Alejandra Rios, 
Alejandro Fallabrino, Alexander Gaos, Alexis Guilleux, 
Aliki Panagopoulou, Amanda Southwood-Williard, Ana 
Barragan, Andrea Phillott, Andres Estrades, Andrew 
DiMatteo, Andrews Agyekumhene, Angela Formia, 
Ann Marie Lauritsen, Antonio Di Bello, Ashley Lynn 
Lavender, Becca Eaton, Bibi Santridian Tomillo, Blair 
Bentley, Brad Nahill, Brendan Godley, Brian Shamblin, 
Brian Stacy, Bruno Gi%oni, Bryan Wallace, Camryn 
Allen, Carlos Carreras Huergo, Carrie Upite, Catherine 
Kildu%, Catherine Lohmann, Cathi Campbell, Christian 
Gredzens, Christopher Gatto, Claire Jean, Cody Mott, 
Colin Hunter, Colin Limpus, Connie Ka-Yan Ng, 
Connie Kot, Craig Harms, Cynthia Lagueux, Dan Evans, 
Daniel González-Paredes, Daniela Freggi, Daphne 
Wrobel Goldberg, David Godfrey, David Owens, Dawn 
Witherington, Debbie Sobel, Diego Amorocho, Donna 
Broadbent, Dustin Baumbach, Emily Duncan, Emma 
Harrison, Erin Seney, Felix Moncada, Frank Paladino, 
George Balazs, Greg Lewbart, Hannah Vander Zanden, 
Hector Barrios-Garrido, Ingrid Yañez, Irene Kelly, Itzel 
Sifuentes-Romero, J. Nichols, Jack Frazier, Jacki Lopez, 
Jacques Fretey, Janet Hochella, Jean-Michel Guillon, 
Jeanette Wyneken, Je% Semino%, Jennifer Lynch, Jesse 
Senko, Jesus Tomas, Jillian Hudgins, Joanna Alfaro, 
Joe Pfaller, John Wang, Juan Manuel Rodriguez-
Baron, Juanpablo Muñoz-Perez, Kara Dodge, Karen 

Bjorndal, Karen Eckert, Kartik Shanker, Kate Mans!eld, 
Katherine Comer Santos, Katherine Shaw, Katie Kurtz, 
Kayla Goforth, Kelly Stewart, Ken Lohmann, Kendra 
Cope, Kris Williams, Lalith Ekanayake, Larisa Avens, 
Larry Wood, Laura Gibbons, Laura Prodoscimi, Laura 
Sparks, Lisa Belskis, Lisa Komoroske, Manjula Tiwari, 
Marc Girondot, Marco García-Cruz, Margarita Lampo, 
Mariana Fuentes, Mariluz Parga, Marina Zucchini, 
Mario Mota, Mark Dodd, Mark Hamann, Mark Roberts, 
Marybeth Grimes, Matthew Godfrey, Mikayla Drost, 
Mike Arendt, Mike James, Milagros Lopez, Miyoko 
Sakashita, Muralidharan Manoharakrishnan, Nancy 
FitzSimmons, Natalie Dick, Natalie Reider, Natalie 
Wildermann, Nathan Putman, Neca Marcovaldi, Neyle 
Steadman, Nicholas Blume, Padraic O'Flaherty, Paolo 
Casale, Paul Richards, Peter Dutton, Phillip Allman, 
Qamar Schuyler, Rachel Tighe, Ray Carthy, Rebecca 
Mott, Richard Reina, Rick Herren, Rod Mast, Rodrigue 
Ngafack, Roger Brothers, Rupika Rajakaruna, Sandra 
Hochscheid, Sara Russell, Sarah DeLand, Sarah Poulin, 
Shane Boylan, Shawn Murakawa, Shaya Honarvar, Shelli 
Hendricks, Sheryan Epperly, Shigetomo Hirama, So!a 
Troya Zambrano, Stacey Marquis, Steven Dunbar, Sue 
Barco, "ane Wibbels, "ushan Kapurusinghe, Tom 
Backof, Tomo Eguchi, Vanessa Bezy, Velkiss Gadea, 
Wendy Dow Piniak, Yakup Kaska, Yonat Swimmer, 
Yoshimasa Matsuzawa, Zahirul Islam, and Zoe Meletis.

In addition to those who played a role in organising 
the symposium before it began, we thank the many 
participants who volunteered on-site: Alan Zavala, Alban 
Mazars-Simon, Alejandra Carvallo, Alejandra Sandoval, 
Alejandro Usategui, Alessandra Bielli, Alexa Putillo, 
Alexandra Fireman, Alexandra Gulick, Alexandra Lolavar, 
Amelly Hyldaí Ramos Díaz, Amy Garner, Angela Field, 
Angela Garriz, Anna Barbanti, Ariadna Arnau, Ashley 
Morrow, Ashley Raybould, Barbara Cúmez Cate, Bia 
Dias, Bill Matthews, Boris Tezak, Caitlin Bovery, Caleshia 
Calvin, Candela Buteler, Carlos Delgado Trejo, Carmen 
Mejías Balsalobre, Celine Mollet saint Benoit, Channa 
Suraweera, Chris Henaghan, Christel Cothran, Christine 
Sarkis, Cindy Lockhart, Claire Petros, Clara Ortiz, Colum 
Muccio, Cristian Ramirez, Daisuke Endo, Devon Francke, 
Diane le Gouvello, Emily Hyatt, Emily Webster, Emma 
Schultz, Flora Siegwalt, Franciscus Scheelings, Gabriela 
Velez, George Glen, German García, Gina McQuilken, 
Glenn Goodwin, Guillermo López, Gustavo Stahelin, 
Helen Pheasey, Heydi Salazar, Ian Silver-Gorges, Jaime 
Restrepo, Janie Reavis, Jocylin Pierro, Jorge Martínez, 
Jose Daniel Rodrigues Oliveira Filho, Joseph Conde, 
Judy Adams, Julia Hart, Julie Twitchell, Karla Barrientos, 
Kathleen Sheard, Kelly Soluri, Kelsey Fleming, Kevin 
Zavala, Kostas Papa!tsoros, Leah Rittenburg, Lein 
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Based on the concept of ‘you are what you eat’, stable 
isotope analysis (SIA) is a technique that helps sea turtle 
researchers learn about a turtle’s trophic ecology and, 
perhaps, its movements by analysing a very small (~ 
1mg) sample of blood or skin. "e use of this technique 
has been growing steadily during the past 20 years 
and scientists are using SIA in new ways to gain more 
and more information out of each biological sample. 
"e approach has grown so much that we are now at 
a time where literally hundreds of papers have been 
published on stable isotope studies on every species of 
sea turtle, although few studies have focused on 'atback 
turtles (Natator depressus) - but that is changing too!

With the huge increase in sea turtle SIA research projects, 
there have been a two recent review papers and one new 
database initiative that are worth exploring. Papers by 
Pearson et al. (2017) and Haywood et al. (2019) represent 
the !rst sea turtle-focused review articles, and while 
very di%erent from each other, both o%er intriguing 
insights into the breadth of application and the value of 
this technique for sea turtle research and conservation. 
In addition, a global database initiative for sea turtle SIA 
studies called MarTurtSI has recently been launched, 
and a paper by Figgener et al. (2019) describes the 
database and provides a wealth of resources for people 
interested in learning about stable isotope research in 
sea turtles. Here we describe each of these papers and 
highlight their value for not only teaching people about 
the value of SIA for sea turtles, but also for identifying 
gaps in knowledge that may help direct new research.

Pearson, R.M., J.P. van de Merwe, C.J. Limpus & R.M. 
Connolly. 2017. Realignment of sea turtle isotope 
studies needed to match conservation priorities. 
Marine Ecology Progress Series 583: 259-271.
"is paper by Ryan Pearson and colleagues reviews the 
literature on sea turtle isotope ecology, with the goal of 

showing where the gaps are in SIA research so that future 
studies can help !ll the void. "e review comes in at 
about 9,200 words and has 65 citations. "e paper doesn’t 
cover all the SIA studies out there, but instead focuses on 
those that can potentially inform management decisions. 
Indeed, conservation practitioners have o(en struggled 
to see the value of SIA for providing information that 
can be used in management. However, this paper does 
a great job at just that: it dispels the myth that SIA 
is an academic pursuit only. "rough its methodical 
approach reviewing existing SIA studies per regional 
management unit (RMU) for each species, the paper 
underscores the value of SIA for sea turtle conservation 
and management and identi!es what the priorities 
should be for future isotope research on sea turtles.

"e paper starts with a strong introduction, then 
transitions into a methods section that lays out how the 
literature search was conducted and the studies for each 
RMU were organized. "is is followed by a ‘Results and 
Discussion’ section that gives an overview of sea turtle 
isotope ecology and describes the isotope techniques used 
to study sea turtles. Perhaps the strongest part of the paper 
comes next, when the authors discuss the key tenets of 
SIA research, including diet-tissue SI relationships, tissue-
tissue relationships and isotopic turnover, and sample 
preservation and preparation techniques.  "e paper then 
describes future methodological research priorities and 
the relevance of SIA studies for management. Pearson 
et al. (2017) !nish by discussing the mismatch between 
geographic isotope studies and conservation priorities, 
with the goal of steering future research in directions that 
will help !ll some of the information gaps in SIA for sea 
turtles. We found this to be a very interesting paper and at 
just about the right length to be able to have a ‘quick read’ 
to get the lay of the land for SIA research for sea turtles.

Haywood, J.C., W.J. Fuller, B.J. Godley, J.D. Shutler, S. 
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Widdicombe & A.C. Broderick. 2019. Global review 
and inventory: How stable isotopes are helping us 
understand ecology and inform conservation of 
marine turtles. Marine Ecology Progress Series 613: 
217-245.
Julia Haywood and collaborators have written a traditional 
review paper on SIA applications to sea turtles.  Logging 
in at over 22,000 words and citing 230 publications, this 
paper is a long-format review that includes the majority 
of the studies that had been conducted through 2018. "e 
paper is quite di%erent than that by Pearson et al (2017) 
in that it doesn’t focus as much on the management 
value of SIA, but instead provides a detailed inventory 
of what’s been done so far. "e authors describe the 
current status of SIA in sea turtles and, like Pearson 
and colleagues, highlight gaps in existing knowledge 
while also suggesting future recommendations 
for analyses and interpretation of SIA data.

"e paper starts with an introduction that describes 
the current state of SIA in sea turtles, gives background 
information on stable isotope analysis, and describes why 
a review is necessary at this point in time.  Like Pearson et 
al. (2017) the methods describe how the authors conducted 
their literature search and give methodology that is very 
reproducible in case someone wants to do a similar review 
in the future. "ere is a Results and Discussion section 
that reviews studies on foraging and spatial ecology, with 
subsections on diet, global interspecies di%erences in 
isotope ratios, ocean basin di%erences in isotope ratios, 
ontogenetic shi(s, migratory connectivity, foraging site 
!delity, and foraging dichotomies. "is is followed by a 
section on SIA vs. sea turtle size and growth that focuses 
on juveniles, adults, and reproductive output. Next is a 
discussion of applications of SIA for management and 
conservation. "ough not as in-depth as that by Pearson 
et al. (2017), this paper too shows the value of SIA for 
informing conservation planning. "e paper !nishes 
with discussions about the limitations of SIA, additional 
analytical approaches, and key recommendations.

As of today, the paper by Haywood et al. (2019) is the 
quintessential review paper for SIA research on sea 
turtles. It's a long, dense read, but well worth it! "e 
graphics in the paper are excellent and include nice maps 
showing geographical location of sea turtle SIA studies. 
It's a global review, but also probably the best resource out 
there for learning about what has been done- and where 
the information gaps are- in the Indian Ocean region. 
Reading this paper will certainly help researchers identify 
where more research focus is needed, which could be useful 
justi!cation for those seeking funds to support projects. 
As with Pearson et al. (2017), we strongly recommend 
this paper for those interested in the topic and feel that 

both these review papers are well worth the time to read! 

Figgener, C., J. Bernardo & P.T. Plotkin. 2019. 
MarTurtSI, a global database of stable isotope 
analyses of marine turtles. Scienti!c Data 6: 16. 
"e paper by Christine Figgener and colleagues is a 
departure from the typical review paper in that its more 
of a go-to source for seeing and downloading the actual 
data and research objectives for over 130 di%erent SIA sea 
turtle papers. While the actual paper itself is rather short 
(~3,800 words) and has relatively few citations (22 papers 
in the main article’s literature cited), readers should not 
think that this is all there is. Quite the contrary! In fact, the 
paper is only a small part of what Figgener et al. have to 
o%er. In our opinion, the greatest value of this e%ort is the 
global database (MarTurtSI) which contains stable isotope 
data from six of seven marine turtle species ranging from 
juveniles to adults, in di%erent developmental, feeding, 
and breeding habitats across multiple ocean basins. 
Importantly, this database is freely accessible to everyone, 
and o%ers downloadable supplemental resources 
from the Dryad Digital Repository that do a great job 
at summarising a large number of published papers.

Figgener et al. (2019) examined 132 peer-reviewed 
publications and summarised information from each 
study (e.g. diet, species and regional di%erences, 
migratory connectivity, foraging site !delity, foraging 
dichotomy, growth rate, adult size, reproductive output, 
and threats) by species and region. "e archived datasets 
are a fantastic resource that gives interested researchers 
an easily accessible summary to which their own research 
results can be placed in context. "e downloadable 
supplemental !les include Excel !les, which nicely 
organize SIA data for each species by life stage and size, 
sex, time of sampling, ocean basin, study site, and turtle 
size. "ere is even an Excel !le with raw data that are 
organized such that each reviewed study has its own tab 
in the !le, making it extremely easy to toggle among a vast 
number of studies and see the data in a well-organized way.

"e MarTurtSI database initiative launched by Figgener 
et al. (2019) is a one-of-a-kind resource! As per the 
authors’ description, “MarTurtSI will be curated 
and updated with the aim of enabling continued 
comprehensive and global investigations into the 
trophic ecology of marine turtles especially in the face 
of climate change and other conservation challenges.” 
"ere are data in the database that cover the Indian 
Ocean Region, but as with the review articles by Pearson 
et al. (2017) and Haywood et al. (2019), MarTurtSI 
shows that this region remains underrepresented in the 
stable isotope realm. However, we hope that by having 
this vital new resource, potential researchers should 
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be better equipped with information about where the 
gaps are, which in turn should identify opportunities 
for future research in the Indian Ocean and beyond.

CONCLUSION

Without a doubt, the review papers by Pearson et al. (2017) 
and Haywood et al. (2019), and the MarTurtSI database 
described by Figgener et al. (2019) should be among the 
!rst papers read by researchers interested in starting stable 

isotope research. Consulting these resources will ensure 
interested researchers apply methodology and analyses 
consistent with other sea turtle projects. Also, by reading 
these papers and their supplementary products, potential 
new SIA researchers will learn what’s already been done, 
and thus be informed about where their e%orts would 
be most e%ective. "e recommendations made in these 
reviews can also be used to support grant applications 
for research that addresses the priority topics, sites and 
species throughout the Indian Ocean and South-East Asia.
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RESOURCE OF INTEREST

"e Marine Turtle Specialist Group (MTSG) is one 
of the many Specialist Groups and Task Forces that 
make up the International Union for Conservation of 
Nature (IUCN)- Species Survival Commission (SSC). 
Past MTSG projects have included the Burning Issues 
meetings and publications (https://www.iucn-mtsg.
org/burning-issues) and IUCN Red List Assessments 
(https://www.iucn-mtsg.org/red-list-assessments).

In 2017, MTSG launched a new- and ambitious- initiative: 
annual Regional Reports (https://www.iucn-mtsg.
org/regional-reporting), with the aim to compile key 
knowledge about sea turtles at the national and regional 
scale that would help MTSG answer speci!c questions and 
complete tasks such as Red List Assessments. "e Regional 
Vice-Chairs (RVCs) were tasked with the responsibility 
of acting as report Editors and soliciting chapters from as 
many countries and territories as possible in their region. 
"e report Editors invited MTSG Members or others 
with national expertise to prepare individual chapters for 
each country. Published and other known information 
was !rst collected in an Excel workbook comprising 
several spreadsheets, then summarised and explained in 
written text. Although there was a steep learning curve for 
Editors and Chapter Authors alike, the process, using data 
codes and standard entry format, means that updating 
a chapter in subsequent years will be relatively simple.

"e !rst MTSG Annual Regional Reports- including the 
report for the Middle East and South Asia- were released 
in 2018. Phillott & Rees (2018) included chapters for 
seven (Egypt, India, Kuwait, Qatar, Saudi Arabia, Sri 
Lanka, Yemen) of the 17 countries in the region. "ose 
country chapters were updated and chapters for four 
new countries (Bahrain, Djibouti, Maldives, Sudan) 
were included in the 2019 report (Phillott & Rees, 2019). 

Each chapter summarises known information about the 
biology, monitoring and conservation of sea turtles in 
the country and thus highlights important knowledge 
gaps, and together present available information about 
11 sea turtle Regional Management Units (RMUs; see 
Wallace et al., 2010) in the Middle East and South Asia.

"e information gathered for all species for the regional 
reports corroborates !ndings of the recent regional 
MTSG red listing of green turtles Chelonia mydas in 
the North Indian Ocean (Mancini et al., 2019). "ere 
is a fundamental need to generate basic data such as 
annual nest counts in order to fully assess and !rmly 
establish population trends in the region, which will 
highlight areas for additional conservation measures.

"e MTSG Regional Reports will be a stimulating read 
for anyone interested in the biology and conservation 
of sea turtles and their habitats. "eir greatest 
value probably lies in the chapter for each country 
providing the best references and a summary about the 
distribution, abundance and trends at nesting sites and 
in marine areas, biological data, threats in terrestrial 
and marine environments, conservation actions, and 
other research conducted for each RMU; the Regional 
Overview condenses all such information for each 
RMU in the region. "e summaries and references 
will be a signi!cant aid for those conducting Red 
List Assessments, or researchers looking for sources 
of information not included in online databases 
such as Google Scholar, JSTOR, Scopus and similar.

As Editors of both the 2018 and 2019 reports, and 
Authors contributing to chapters about sea turtles 
in !ve of the region’s countries, we have personal 
experience of the amount of time that MTSG Members 
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and other contributors give to this initiative. However, 
such a time commitment is only required the !rst 
time a country chapter is written; updating chapters 
in subsequent years requires considerably less time. 
IOTN readers in the Middle East and South Asia could 
assist in the annual revision process by sending recent 
papers and reports to the chapter authors or report 
editors for inclusion. We hope to include chapters for 
countries that have not yet been reported on in the near 
future, and welcome assistance in making this happen.
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