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EDITORIAL

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

As the COVID pandemic still impacts countries around
the Indian Ocean and in Southeast Asia, the IOTN team
hopes that everyone is well and able to safely conduct
their sea turtle research and conservation activities.
In this issue, we bring to you reports about the diving
behaviour of olive ridley turtles at Masirah Island in
Oman and changes in land use/land cover around Velas
in India. These are complemented with a ‘review of
reviews’ about three global papers of importance and a
report from the First National Conference on Marine
Turtles recently held in the Lakshadweeps, India.
Those looking for additional reading about sea turtles in

the region can look to the IUCN Marine Turtle Specialist
Group 2020 Regional Reports on turtles from the East
Africa and West Indian Ocean Region, and the Middle
East and South Asia Region available at https://www.iucnmtsg.org/regional-reports. New sea turtle information
will also soon be available at the Sea Turtles of India
website (https://www.seaturtlesofindia.org/), which is
going live with its social media page on Instagram at the
end of January. The page will soon be populated with
new content, including interviews with key figures of
turtle conservation, blogs posts from various researchers,
as well as fun facts and news from the turtle world.

CALL FOR SUBMISSIONS
The Indian Ocean Turtle Newsletter was initiated to provide a forum for the exchange of information on sea
turtle biology and conservation, management and education and awareness activities in the Indian subcontinent,
Indian Ocean region, and south/southeast Asia. If you would like to submit a research article, project profile, note
or announcement for Issue 34 of IOTN, please email material to iotn.editors@gmail.com before 1st May 2021.
Guidelines for submission can be found on the last page of this newsletter or at http://www.iotn.org/submission.php.
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INTRODUCTION
Sea turtles spend the majority of the time submerged
but, as air breathing reptiles, they need to be at the
surface for respiration. The diving behaviour of sea
turtles has been reviewed by Hochscheid (2014),
who presented the remarkable ability of hard-shelled
sea turtles to dive for as long as 10hr and deeper
than 200m. However, average dive durations and
depths are much more limited than these extremes.
Through understanding sea turtle diving behaviour,
we can obtain insights into their physiology and
ecology, and this in turn can be used for conservation
purposes such as avoiding fishery and turtle presence
overlap (Polovina et al., 2003). Or, more simply,
identifying changes in diving can be used to infer
changes from reproductive to post-reproductive
periods (e.g. Hamel et al., 2008, Rees et al., 2012,).
Hochscheid (2014) identified a paucity of studies
involving dive characteristics of olive ridley turtles
(Lepidochelys olivacea). For olive ridley turtles,
two-dimensional
internesting
movements
have
been briefly described from Australia (Whiting et
al., 2007) and a further study in Australia more
fully explored their three-dimensional behaviour,
including the internesting period (Hamel et al., 2008).
The only large and regular nesting population of olive
ridley turtles in the Arabian region occurs on Masirah
Island in Oman (Ross & Barwani, 1982). This population
has been subject to only limited and recent study (Rees &
Baker, 2006) but includes a telemetry study undertaken
in 2008 (Rees et al., 2012). Rees et al. (2012) tracked nine
nesting olive ridleys using Argos (https://www.argossystem.org/) platform transmitter terminals (PTTs).
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Seven of the PTTs provided only location data whilst
the remaining two included pressure sensing capabilities
that could record and transmit summaries of diving
behaviour. This tracking study revealed that turtles
remained in Omani seas for extended periods of time and
most turtles became resident in coastal areas in waters
of <100m depth (Rees et al., 2012). The two turtles with
depth recording tags remained in waters <40m deep and
were capable of dives in excess of 100min. Data presented
in Rees et al. (2012) show differences in dive duration
and dive depth between inter-nesting (the days between
depositing the first and last clutch within a single nesting
season) and post-nesting (the days after depositing
the final clutch of a single nesting season) periods.
Here, we revisit the dive data obtained for the two turtles
in Rees et al. (2012) that were carrying PTTs with pressure
capabilities to explore and present further observations
on their dive behaviour from the beginning of the
tracking period until the turtles departed the nesting area
20 and 32 days later respectively, after each depositing one
further clutch. This includes addressing an unreported
period of unusual diving behaviour recorded by one of
the turtles and relating the behaviour to readiness for
nesting.
METHODS
Transmitter programming and attachment and location
filtering were described in Rees et al. (2012). Argos
system, pressure-sensing SPLASH tags (Wildlife
Computers;
https://wildlifecomputers.com/)
were
deployed at the end of March 2008 on two nesting
female olive ridley turtles (C and G; to maintain
identity with Rees et al. (2012)) on Masirah Island,
Sultanate of Oman (20.20° N, 58.69° E; Figure 1).
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Figure 1. Location of Masirah Island, Oman, and the inter-nesting movements of two olive ridley turtles tracked from
southern Masirah during their breeding season in 2008. Turtle C is in red and turtle G is in green. (For colour tracks see
online paper.) For this map, raw Argos data were filtered to remove visually obvious outliers with no other processing.
The SPLASH tags were configured to measure depth
every 10s and to convert these readings into various dive
parameters. Six-hourly time bins (beginning at 02:00,
08:00, 14:00 and 20:00 local time; Q1, Q2, Q3 and Q4
respectively – previously described as 00:00, 06:00 etc. in
Rees et al. (2012)) were used to summarise the sensor data,
and the dive threshold was set at 3m. The absolute number
of dives was reported per time bin. Depth utilisation
was reported as the number of dives to maximum
depths in 10m bins. Dive duration was reported as the
number of dives to maximum durations in 10min bins.
Argos data were downloaded, managed, and analysed
using the Satellite Tracking Analysis Tool (Coyne &
Godley, 2005). Turtle movements were reconstructed
using positions obtained from Argos Location Classes
3, 2, 1, A and B as recommended by Witt et al. (2010).
Positional errors were removed by filtering locations
that required maximum travelling speed >5km h−1 and
turning angle between points of <25°. Tracks were then

interpolated to provide a daily location assigned to 12:00h
local time. The change from inter-nesting to post-nesting
status was visually determined from an individual’s
apparent permanent departure from the nesting area to
foraging areas tens of kilometres from the nesting site.
We compared dive characteristics in relation to
the timing in turtle breeding cycle (i.e. assumed
readiness or not to deposit a clutch of eggs) to explore
biological drivers for differences in behaviour.
RESULTS
Turtle C was tagged after nesting on the night on 27th
March 2008 (day 0 or d0), departed the area adjacent to
the nesting beach on 29th March (d2), returned on 14th
April (d18) and assumed to have nested that night, and
departed from the nesting area permanently on 16th April
2008 (d20). Turtle G was tagged after nesting on the night
of 29th March 2008 (d0), departed the area on 31st March
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day until d18 for turtle C and d20 for turtle G when
dives per day increased to >120 (Figure 2a; Table 1).
This latter change in dive behaviour was assumed to be
related to preparation for emergence to nest (see below).
Two days after the assumed nesting, turtle C departed
the breeding area. Turtle G remained in the area for a
further 11 days before departing, undertaking an elevated
number of dives per day during this time (Figure 2b).
We compared the dive behaviour of the two turtles and
between the two phases of the inter-nesting period,
i.e., during the inter-nesting period when the turtles
were away from the nesting area and the time after they
returned until permanent departure (Table 1). Both turtles
increased their number of daily dives once back at the
nesting area. The increase in the number of dives was not
consistent through the day or between turtles. Turtle G
exhibited a dramatic increase in number and proportion
of dives in Q4 (Figure 2c; Table 1) whereas the proportion
of dives in Q4 for turtle C remained consistent (Table 1).
Investigating the length and depth of dives in Q4 revealed
that turtle G increased the proportion of both short dives
(<10min; 3.4% to 94.7%) and shallow dives (<10m; 1.1%
to 97.6%) during Q4 (Table 1). The combination of short
dive durations and shallow depths resulted in turtle G
spending 95.1% of its time in the surface 10m of water
when near the nesting area compared to 9.5% when it was
away.
DISCUSSION AND CONCLUSION

Figure 2. Movement and dive behaviour for two olive ridley
turtles during their breeding periods in 2008. Time series
is truncated to the first day after permanent departure from
the nesting area -assumed to occur after a subsequent
successful nesting event. a) displacement from breeding
site. b) total number of dives per day. c) number of dives
per quarter day for turtle G. Q1 = 02:00-08:00, Q2 = 08:0014:00, etc. Data gaps are due to no location or dive data
being relayed through the Argos system. (For colour
image see online paper.)
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The increased number of dives exhibited by turtles
after tag deployment (Figure 2b) may reflect the time
the turtles required to normalise their behaviour
following the mass of the transmitter and epoxy
being attached to the carapace. A return to lower
number of dives in subsequent days suggests the
turtles were able to adjust to their new condition.

(d2), returned on 14th April (d18) and remained close to
the nesting beach until 29th April, when she was assumed
to have nested, before departing permanently on 30th
April 2008 (d32) (Figure 2a).

The turtles returned to the nesting area 16 and 18 days
after nesting which suggests that they would be ready
to deposit a clutch of eggs at this time. However, turtle
G did not nest immediately, as indicated by its ongoing
proximity to the nesting area for a total of 12 days, but
was assumed to have nested and departed at the end of
this period. This variable range in inter-nesting periods
has been shown elsewhere for olive ridleys (Whiting et al.,
2007; Hamel et al., 2008), but the reason for such behaviour
in solitary nesting individuals remains unknown.

Turtle C showed an initial high number of dives (>50;
Figure 2a) for two days after nesting / PTT attachment
and turtle G the same for one day; both turtles then
settled into a low number (generally <30) of dives per

Turtle G displayed a distinct change in behaviour during
its extended period near to the nesting site, undertaking
an increased number of shallow night-time dives. Turtle
C displayed some evidence of similar behaviour, but as
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Table 1. Dive behaviour of two olive ridley turtles tracked after nesting on Masirah Island. Q1-3 = 02:00-20:00, Q4 = 20:0002:00 the following day. *turtle G presented one day of intermediate dive behaviour on d19 that was omitted to emphasise
differences between periods.
Turtle

C

G

Phase in
Breeding
Cycle

Days

Average
# dives /
day

% Dives
in Q4

% Dives
<10min
(Q1-3)

% Dives
<10min
(Q4)

% Dives
<10m
(Q1-3)

% Dives
<10m
(Q4)

Inter-nesting
period; away
from nesting
area

d3-17

24.4

23.0

5.4

2.5

4.6

4.0

Inter-nesting
period;
returned to
nesting area

d18-20

121.0

22.6

70.1

78.0

69.8

86.6

Inter-nesting
period; away
from nesting
area

d2-18

25.3

24.3

8.2

3.4

3.5

1.1

Inter-nesting
period;
returned to
nesting area

*d20-32

171.1

68.5

55.9

94.7

60.3

97.6

it nested soon after arrival back at the site an increased
number of dives per day cannot be confirmed. We
suggest that this unreported nocturnal dive behaviour in
Turtle G could represent the turtle undertaking scouting
behaviour near the coast, and potentially contributed to
its choice of when and where to come ashore and nest.
In the only other published study to investigate the internesting dive behaviour of olive ridleys, Hamel et al. (2008)
also presented data on two individuals that returned
to the nesting area after a similar interval post-tagging
and remained there for differing durations. The first
turtle returned for around three days and the second for
approximately 14 days. The turtle that spent a protracted
period at the nesting area exhibited increased time at the
surface, decreased dive duration, and shallower dives at
night (Figures 2, 5 and 6 in Hamel et al., 2008). This is
similar to our findings and supports the hypothesis that
once turtles return to nesting areas to deposit a clutch,
their behaviour changes to a diel pattern driven by the
biological need to select a suitable section of sandy coast
on which they will emerge to nest. To the best of our
knowledge, similar behaviour of increased number of
shallow dives following a turtle’s assumed readiness to
nest has not been demonstrated for any other sea turtle
species. This probably due to non-ridley species generally
attempting to nest as soon as the ovulated clutch is ready,
which contrasts with the ridleys’ propensity to retain

clutches for undetermined reasons (Hamann et al., 2003).
Further data on dive behaviour during the inter-nesting
period should be analysed and published for this and
other species of turtle, to further validate the prevalence
of such diel patterns in behaviour near nesting sites
and more precisely define the purpose and significance
of increased diving activity when a turtle is near the
nesting area and biologically ready to deposit another
clutch of eggs. The large temporal gaps and poor spatial
resolution in the Argos location data from these two
existing studies preclude more precise understanding
of fine-scale movements during the extended internesting period that could reveal further diel variation,
such as turtles moving nearer to the coast during the
night. To overcome this, Fastloc® and other forms of
accurate GPS positioning tags, which can produce more
numerous locations with as little a few tens of metres
in location error (Witt et al., 2010; Dujon et al., 2014),
should be deployed. A comparative study on conspecifics
that delay individual nesting to synchronise into massnesting arribadas (Plotkin et al., 1997), such as occurs
on the east coast of India (Shanker et al., 2004) and in
the Andaman and Nicobar Islands (Namboothri et al.,
2015), would provide insights into behavioural plasticity
and further our understanding of the evolutionary lifehistory of this complex, globally distributed species.
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CHANGES IN LAND USE/LAND COVER AROUND VELAS IN
THE RATNAGIRI DISTRICT OF MAHARASHTRA, INDIA
SMRITI JALIHAL# & ANDREA D. PHILLOTT
FLAME University, Pune, Maharashtra, India
smriti.jalihal@gmail.com
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INTRODUCTION
Velas (17.96° N, 73.03° E; Figure 1) is a small coastal
town in the Ratnagiri District of Maharashtra, India.
The town has the highest number of nesting olive ridley
(Lepidochelys olivacea) sea turtles in the state (Katdare,
2012). However, depredation of nests by animals
including jackals and dogs (Katdare & Mone, 2005; Giri
& Chaturvedi, 2006) and illegal take (Giri & Chaturvedi,
2006; Katdare, 2008) have been major threats to sea turtle
eggs and hatchlings at Velas and the adjacent coastline.
Sahyadri Nisarg Mitra (SNM), a local conservation
organisation, established a hatchery to protect sea turtle
eggs at Velas in 2002. The hatchery is situated on Velas
beach (Katdare & Mone, 2003), although the specific
location varies annually (Katdare & Mone, 2005).
Over time, the number of nests laid at Velas has been
decreasing, possibly as a result of historical low hatchling
production (Figure 2) in combination with ongoing
threats, e.g., interactions with fisheries and ghost gear
to other life-stages (e.g., Katdare & Mone, 2005). The
emergence success (proportion of hatchlings that

Figure 1. Location of the coastal town of Velas (green star)
in Maharashtra, India. Mumbai (black star) included as
reference point.

Figure 2. Number of olive ridley turtle nests relocated to the Velas hatchery and subsequent emergence success from
the 2002/03 to 2015/16 nesting seasons (Data from Pawar, 2016).
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successfully emerge from the nest; see Miller, 1999) has
remained relatively stable but is often below 50% (Figure
2). Low hatchling production may be due to hatchery
practices that do not follow the recommended guidelines
(see Phillott & Shanker, 2018). For example, Katdare &
Mone (2003) describe the beach being examined for nests
at dawn after which eggs were collected and relocated to
the hatchery at Velas; hence, the time interval between
oviposition and reburial of many eggs in the hatchery
would likely exceed the lowest recommended time
of 2-3hr to minimise the risk of movement-induced
mortality (Limpus et al., 1979; Parmenter, 1980) and be
approaching the maximum recommended time before
reburial of 6hr (SToI, 2011).
However, nesting turtles and their eggs may also be
affected by factors associated with changes in land use/
land cover (LULC). Agriculture (e.g., Allan et al., 2018),
deforestation (e.g., Kamel & Mrosovsky, 2008), and
afforestation (e.g., Awale & Phillott, 2014) can reduce
the successful incubation of eggs. LULC changes due to
coastal development in areas adjacent to the nesting beach
and/or hatchery can result in light pollution and changes
in nesting density and distribution (e.g., Mazor et al.,
2013; Weishampel et al., 2016; Price et al., 2018; Colman
et al., 2020) and the disorientation, misorientation and
dispersal of hatchlings (e.g., Lorne & Salmon et al., 2007;
Harewood & Horrocks, 2008; Dimitriadis et al., 2018;
Price et al., 2018; Colman et al., 2020; Weishampel et al.,
2020).
The main occupation of the people in Velas is agriculture
(Kale et al., 2016). However, commencement of the
Velas Kasav Mahotsav (Turtle Festival), a joint venture
among SNM, the Maharashtra Forest Department,
and Gram Panchayat (local council), in the 2006/07
nesting season afforded extra income out of season
and made the town a tourist destination (Katdare,
2009). The most popular of such events in the states of
Maharashtra and Goa (Kale, 2016), the Velas Turtle
Festival attracted ~3,500 visitors to the town in 2015 and
generated income for 35 households offering homestays
(Sahyadri Nisarga Mitra, 2016). Nearby attractions,
including mango picking, bird watching, and coconut
and jackfruit collection, have also benefited from the
area being recognised as a tourist destination and attract
visitors beyond the turtle nesting season (Kale, 2016).
The objective of this study was to assess if changes in
LULC had occurred in Velas since the commencement of
the Turtle Festival and, if so, predict if such changes could
impact this nesting population of olive ridley turtles.
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METHODS
The Historical Imagery function of Google Earth Pro
(7.3.2.5491) was used to examine the area around Velas
(1.5km radius) in 2005, 2013, and 2019. LULC was
categorised (according to Roy et al., 2016) via visual
assessment as:
• cropland, based on characteristic marked plots
and visible crops;
• fallow agricultural land, in which marked plots
were visible but no crops were ever observed;
• forest, with tree cover of >10% and no other
predominant land use; or,
• built-up and urban land, identified by the
presence of road/s and buildings.
The area of cropland and built-up/urban land in each
image was calculated using the polygon and ruler
functions. The area of forested land and agricultural land
which remained fallow over the study period was not
calculated, as this demonstrated minimal change and/or
limited potential to impact the nesting beach. Hatchery
position over time was also determined through visual
assessment of available historical images for the nesting
season period of November and April, 2005-2019.
RESULTS
LULC around Velas changed over time (Figure 3). In
particular, the area of built-up/urban land increased,
and new buildings appeared in closer proximity to
the beach. The area of cultivated crops changed,
especially in the east and the south, with land that
was cultivated in 2005 lying fallow in 2013 and 2019.
Hatchery location on Velas beach changed over time
(Figure 4), varying in proximity to the Casuarina
spp. forest behind the beach (Phillott, pers.obs.).

Table 1. Area of different types of Land Use/Land Cover in
a 1.5km radius around Velas from 2005 to 2019.
Year
Type of
Land Use/Land
Cover
Built-Up/Urban
Land (sq. m)
Cropland (sq. m)

2005

2013

1,358

9,692

414,193

283,157

2019
42,803
368,065
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DISCUSSION
We do not assume that changes in LULC around Velas
can be solely attributed to the increasing popularity of
the Turtle Festival and associated development, but some
are likely to be related. In particular, the increase in builtup and urban land over the study period (2005 to 2019),
despite the decrease in population size, will include the
increased number or improved facilities of homestay
ventures from 6 in 2006 to 35 in 2015 to support increased
tourism to the region facilitated by the Festival (Sahyadri
Nisarga Mitra, 2016) (Table 2); this may be better able
to understand after the 2021 Census of India. But even
if not directly related to tourism and the Turtle Festival,
LULC changes around Velas could have implications for
the nesting turtles and their eggs and hatchlings which
are now important to the local economy.
Built-Up and Urban Land

C

Increased residential development, especially in a
coastwards direction, and corresponding increase
in artificial lighting can influence both nesting and
hatchling turtles. A negative relationship between nestsite selection and the intensity of artificial light has been
found in many studies, including olive ridley turtles in
Odisha (Behera & Mohanta, 2018), green, leatherback
and loggerhead turtles in Florida (Price et al., 2018;
Weishampel et al., 2020), green and loggerhead turtles
on the Mediterranean coast of Israel (Mazor et al.,
2013), and hawksbill and loggerhead turtles on the
Brazilian coast (Colman et al., 2020). (Note that Mazor
et al. (2013) found that geographical features (cliffs),
human population density, and coastal infrastructure
also explained nesting patterns.) Turtles deterred from
nesting at Velas by artificial light may instead choose
adjacent beaches with lesser nest protection initiatives, so
that more eggs are vulnerable to depredation and illegal
take. Disorientation and misorientation of hatchlings due
to artificial light from coastal development can occur on
land (e.g., Karnad et al., 2009; Rivas et al., 2015) and in
Table 2. Population of Velas in Ratnagiri District,
Maharashtra.
Year
#
#
Source
People Households

Figure 3. Land Use/Land Cover around Velas in a) 2005,
b) 2013, and c) 2019. Purple shading- built-up/urban land;
green shading- cropland. Note that beach appearance and
structure varies with tide and local coastal geomorphic
processes respectively. (See online version for reference
to colour.)

1991

756

57

Census of India,
1991

2001

707

161

Census of India,
2001

2011

582

157

Census of India,
2011
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Figure 4. Hatchery position on Velas beach in a) 2011/12, b) 2014/15 and c) 2016/17 nesting seasons.
the water (e.g., Truscott et al., 2017; Cruz et al., 2018),
and both will increase vulnerability to predators. Losses
of eggs and hatchlings as a result of artificial light may
reduce population recruitment, although this could take
decades to be detected (Dimitriadis et al., 2018; Colman
et al., 2020).
The impacts of artificial light can be managed by
preventing areas from being exposed to artificial light,
shielding lights from entering areas not intended to be lit,
limiting the duration of lighting, changing the intensity
of lighting, and changing the spectral composition of
lighting (see Gaston et al., 2012). Beach plantations of
Casuarina spp. can be an effective barrier against light
(Karnad et al., 2009). The dense Casuarina spp. forest and
other vegetation between the hatchery and Velas town
probably shields the beach from much light pollution at
present, and its ongoing presence should be a priority.
However, local managers and conservationists should also
recognise the potential threat of exotic Casuarina trees
to nesting beaches and incubating eggs (e.g., Awale &
Phillott, 2014; de Vos et al., 2019) and situate the hatchery
at an appropriate distance in addition to selecting local
tree species for future forest replacement and reforestation
efforts. Given the local community engagement with the
Velas Turtle Festival and turtle conservation, they should
be included in discussions about restrictions on light
height, wattage, and wavelengths, potential shielding
10

and restricted hours during turtle nesting and hatchling
emergence periods, the proximity of future development
to the beach, and importance of maintaining shielding
vegetation between the beach and the town. Planning
tools are also available to assist during development of
coastal areas for tourism (e.g., Verutes et al., 2014) and
beach mapping can be used to identify areas on the beach
that experience low light spillover (Karnad et al., 2009)
suitable for the hatchery.
Cropland
Most land holdings in the Ratnagiri District are small
(1-2ha) to medium (2-4ha) scale (Department of
Agriculture, 2016). The area of cultivated cropland
decreased from 2005 to 2013 then rose again in 2013
(Table 1). This variation could be due to change in
occupation, environmental conditions, market demand,
or other factors. Common crops grown in the coastal
areas of the District include cereals (e.g., rice, finger
millet, maize), pulses (e.g., gram, moong (green gram),
chawali (black eyed bean), wal (green bean), tur (pigeon
pea/red gram), udid (black gram), fruits (e.g., mango,
cashew nut, coconut), vegetables (e.g., ladyfinger, green
leaf vegetables, brinjal, chilies, bottle gourd), and fodder
(Rathod & Sapkale, 2015; Department of Agriculture,
2016). Commonly used chemical pesticides in Ratnagiri
are Chloropyrifos, Cypermethrin, Hexaconezole,
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Imidacloprid, Monocrotophos, Phorate, and Quinalphos;
farmers may also apply Neem to control pests (Tari &
Patil, 2017). Nesting beaches in proximity to croplands
may be at risk for exposure to pesticides, as demonstrated
by the detection of herbicides in beach sand at Mon
Repos in Australia due to surface and ground water
transport (Allan et al., 2017), although the effect of such
chemicals on sea turtles and their eggs is unknown.
MONITORING FUTURE CHANGES IN LULC AND
POTENTIAL IMPLICATIONS FOR SEA TURTLES AT
VELAS
By all accounts, those involved in organisation of the
Velas Turtle Festival have strived to protect sea turtles,
raise general awareness about sea turtles, and benefit local
stakeholders. Community-based conservation initiatives
include the ban on sand and water sports at Velas beach
during the nesting season, relocation of fishing vessels
from Velas to the adjacent village of Harnai, and 10% of
the income resulting from home stays being contributed
to turtle conservation (Parkar, 2014; Pawar, 2016). Hence,
there is a high likelihood that the Velas community,
NGOs and other stakeholder in the Turtle Festival will
be interested in monitoring and limiting the potential
impacts of changes in LULC on the nesting sea turtle
population. LULC changes associated with other Turtle
Festivals in the region, e.g., Anjarle, should similarly be
monitored.
We examined changes in the area and location of builtup and urban land as a proxy for potential exposure
to artificial light using Google Earth; satellite imagery
and data from Google Earth Engine could provide a
more sophisticated assessment. Night sky brightness
can be directly measured using an instrument such as
the Sky Quality Meter (see Hänel et al., 2018; Longcore
et al., 2020). Efforts to manage artificial light exposure
should also involve the local community. If agriculture
adjacent to Velas beach were to intensify in the future
and potential exposure of turtle eggs to pesticides
was a concern, pathways of transport and mitigation
strategies should also be explored with local stakeholders.
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INTRODUCTION

INAUGURAL SESSION

The 1st National Conference on Marine Turtle
Conservation was held on the 2nd and 3rd December, 2019,
in Kadmat, Lakshadweep. The conference covered two
primary themes, namely:

The first National Conference on Marine Turtle
Conservation (SAVE TURTLE-2019) was inaugurated by
Shri. Dineshwar Sharma, Hon’ble Administrator, Union
Territory of Lakshadweep Administration at Kadmat
Island on behalf of the Union Minister for Environment,
Forest & Climate Change, Shri. Prakash Javadekar. The
Member of Parliament Shri. P.P Mohammed Faizal,
following the ceremonial lighting of the lamp, proceeded
over the inauguration programme in the presence of
Shri. Damodhar A.T., IFS, Secretary Environment &
Forest and Chief Wildlife Warden, Union Territory
of Lakshadweep Administration and Shri. Hassan
Badumukkagothi, the President cum Chief Counsellor
of Lakshadweep, and other dignitaries. Following
this, the First Annual Report of (2018-2019) of the
Department of Environment & Forest, was released by
the Hon’ble Administrator. The inauguration ceremony
highlighted the importance and need for the conference.

1.
2.

Research and Monitoring; and,
Conservation Management and Conflict Mitigation

The aim of the conference was to bring together research
and scientific knowledge pertaining to sea turtle
conservation across the country to synthesise new policies
and strategies for the conservation and management of
marine turtles and their respective habitats. The themes
were to be explored through a combination of plenary
speeches, panel discussions, as well as presentations
from the participants. The presentations included
talks from representatives from NGOs and members
of the Forest Department for each coastal state of the
country on their specific conservation programs. This
was followed by studies being carried out by research
bodies in the form of presentations and posters.
Invitations for the conference were sent out to the Chief
Wildlife Wardens of all coastal states, representatives
from NGOs, research scholars, and delegates across the
country. However, due to unforeseen weather conditions,
many members of the Forest Department as well as
senior experts and scientists were unable to reach the
venue. Though their presence and contributions were
greatly missed, this gave the participants more time to
discuss the specifics of their projects in greater detail.

DAY 1: TECHNICAL SESSION
After the inauguration, the scheduled presentations
began with the focus on the West coast of India as well as
the islands. Presentations were made by representatives
from the states of Gujarat, Maharashtra, Goa, Kerala,
Karnataka, and the Andaman & Nicobar Islands.
Gujarat
Speakers: Mr. Senthil Kumar, IFS, Forest department
representative & Mr. Dinesh Goswami and Mr.
Jignesh Gohil, Prakruti Nature Club.
For the state of Gujarat, Mr. Senthil Kumar, IFS, spoke
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about relocation of nests, with an emphasis on the
Okhamadi and the Madhavpur and the threats that they
faced. Mr. Goswami provided an overview of the work
conducted by Prakruti Nature Club with respect to the
relocation of nests and protection of nesting grounds
of sea turtles as well as their recognized and acclaimed
conservation efforts with respect to whale sharks.
Maharashtra
Speakers: Mr. Mohan D Upadhye, The Mangrove Cell
Foundation & Ms. Sumedha Korgaonkar, Wildlife
Institute of India
Mr. Mohan D Upadhye, representing the Mangrove
Cell Foundation highlighted the various threats that
turtles face along the Maharashtra coast, two of the
most significant being the poaching of eggs and the
entanglement of turtles in ghost nets. The Foundation
along with the forest department has also launched joint
efforts to include locally trained divers employed for the
removal of ghost nets. They have also collaborated with
the State Fisheries Department to start a compensation
scheme for the conservation of marine protected species
in the state. Under this scheme, a few olive ridley turtles
and green turtles were rescued and released by fishermen.
Another key aspect of turtle conservation in Maharashtra
is the Velas turtle festival. This ecotourism venture is
run locally and, thus, provides an opportunity for local
communities to become involved with the conservation
efforts while providing them with some monetary benefits.
Ms. Sumedha Korgaonkar from the Wildlife Institute
of India spoke about the importance of nesting
temperatures in determining hatching success as
well as the shift in nesting seasons. To understand
this effect, in Maharashtra, a low cost, indigenouslydeveloped, temperature data logger was installed
inside hatcheries on seven nesting sites. These data
loggers collected data from nests simultaneously using
thermo-sensors at regular time intervals. Moreover,
the data loggers could be paired with an advanced
GSM system and thus provide new opportunities
for wider application in hatchery management.
Goa
Speaker: Ms. Marishia Rodrigues, Terra Conscious
Marishia Rodrigues represented the organization Terra
Conscious and focused on the Marine Wildlife Stranding
Network, Ocean Watch- Goa project, in collaboration
with the Forest Department and other agencies. Initially,
the focus of the project was to provide communities
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with training on marine mammal strandings. However,
this went on to include turtles due to the high number
of turtle strandings that were documented. Veterinarians
trained in necropsy also assist the teams while trying
to rescue stranded marine wildlife. Terra Conscious
also engaged with the Forest Department to assist with
conservation initiatives, such as the implementation of
capacity building programmes as well as discussing the
creation of a specific marine division to provide logistic
support for the conservation of marine organisms.
Karnataka
Speakers: Mr. C. Doreswamy, Oasis Foundation &
Mr. Ravi Pandit, Canara Green Academy
In Karnataka the Forest department primarily implements
most of the turtle conservation projects in the state.
They carry out awareness activities, construction of
hatcheries and coastal cleaning programmes. To this end,
the outreach activities conducted in school and colleges
comprise teaching students, faculty, etc. about the life
cycle of turtles, the need for conservation, etc. In 2015
and 2016, no nesting was reported in the Karnataka
region due to harbour construction that started taking
place. Since this period, there has been an increase in
pollution across the coastal areas. Furthermore, there has
also been an increase in the number of injured turtles
due to an increase in the number of trawlers. These
aspects of turtle conservation were highlighted by Mr.
C. Doreswamy from the Oasis Foundation. Apart from
this, the Canara Green Academy identified local poachers
and conducted a series of meetings and communityworkshops for handling of nests, hatcheries etc. Many of
the poachers now serve as informants and grassroot-level
workers in turtle conservation activities. Mr. Ravi Pandit
also presented a poster highlighting the effectiveness of
this system at the conference.
Kerala
Speakers: Mr. Sudheer Kumar, Naythal
Mr. Sudheer Kumar, from the organization Naythal,
touched upon the various activities undertaken by
the organization. Naythal operates in the region of
Thaikaddapuram and focuses on habitat protection
through the conservation of beaches and the protection
of shoreline biodiversity. They conduct biodiversity
assessments every month as well as coastline and
pelagic surveys with the help of vehicles and vessels.
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Andaman and Nicobar Islands
Speaker: Mr. Adhith Swaminathan
The Andaman and Nicobar archipelago currently supports
the only nesting populations of leatherback turtles in
India. An overview of the discovery of nesting beaches
and initial surveys by Satish Bhaskar, the threats faced
by turtles, as well as the discovery of new mass nesting
sites in the islands was provided. A long-term monitoring
camp has been established in Little Andaman Island with
a focus on tagging, habitat monitoring, satellite telemetry
and population genetics. The findings of this programme
indicate a healthy nesting population of leatherbacks.
The findings also included the post-migratory routes of
leatherback turtles from the Andaman Islands spanning
the entire Indian Ocean. Increased pollution, depredation
by water monitors, feral pigs, etc., and the practice of line
fishing were cited as some of the biggest threats to turtles.
The population, which was once thought to be declining,
has shown a stable trend in the nest numbers with some
annual variation in recent years. With respect to this,
hatchery management and monitoring protocol training
programmes are also conducted for certain members
of staff of the Andaman and Nicobar Islands Forest
Department.

Environment and Forests, Lakshadweep presented
the activities covering conservation and management
projects and rescue and awareness programmes that
are conducted. Apart from this, GIS is also being
used for the mapping of seagrass meadows. The
use of tetrapods placed along the beach to prevent
erosion was shown as a barrier to nesting females and
alternate measures to prevent this were discussed.
DAY 1: EVENING SESSION
The evening session gave the participants the opportunity
to engage with the posters and the artwork that was
prepared as part of a painting competition for the
conference. The day ended with the screening of six
short documentaries by members of the Prakruti Nature
Club, TREE Foundation, Visakha Society for Protection
and Care of Animals, and Dusty Foot Productions.
DAY 2: CONSERVATION MANAGEMENT AND
CONFLICT MITIGATION SESSION
The second day of the conference
presentations by State representatives
Nadu, Andhra Pradesh and Odisha
research presentations by individual

began with
from Tamil
followed by
participants.

Lakshadweep Islands

Tamil Nadu

Speakers: Dr. Rohan Arthur, Nature Conservation
Foundation & Dr. Syed Ali, Department of
Environment & Forests, Lakshadweep.

Speaker: Mr. V. Arun, Students’ Sea Turtle
Conservation Network

The final presentation of the day was made by Dr. Rohan
Arthur of Nature Conservation Foundation concerning
the association of green turtles, seagrass communities
as well as the lagoon health in the Lakshadweep Islands.
The green turtle populations in Lakshadweep provide
an interesting case for conservation. While populations
in Lakshadweep had greatly reduced in the past, the
implementation of a hunting ban allowed the populations
to recover. Consequently, the feeding behaviour of green
turtles has placed the seagrass meadows of the ecosystem
at risk. The nature in which green turtles systematically
deplete seagrass meadows and cause significant changes
in their compositions at one island before moving to
the next island as the resource collapses was showcased.
Sustained grazing was found to affect the seagrass growth
rates, density of shoots, and shifts in species dominance
amongst seagrass competitors. Thus, green turtles were
identified as being responsible for the modification of not
only habitat structure but also community compositions.

In Chennai, conservation of turtles is largely undertaken
by the Students’ Sea Turtle Conservation Network
(SSTCN) which has operated in the region for over 30
years. The organization was founded in 1988 and operates
across a 14km stretch of the coast. Its key function is to
spread awareness about turtle conservation through the
use of public walks. At the conference, the organization
was represented by one of its core members V Arun.
While the number of turtle nests have shown a gradual
increase over time, there has been a spike in the number
of dead turtles found in the last five years. Following the
Indian Ocean tsunami of 2004, the hatching success of
the nests also dropped to 21%. However, through various
techniques, such as using jute to shade hatcheries, etc.
the hatching success has slowly improved. Apart from
this, illegal take in the region was also reported to have
decreased.

In order to mitigate this conflict, the Department of
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Andhra Pradesh
Speaker: Hari Krishna, Visakha
Protection and Care of Animals.

Research
Society

for

The state of Andhra Pradesh was represented by Hari
Krishna from the Visakha Society for Protection and
Care of Animals. Hari Krishna provided information
pertaining to the documentation of dead turtles,
presence of plantations along the coast, as well as the
awareness campaigns and clean-up drives undertaken
by the organization. Most importantly, the organization
has worked closely with various stakeholders in the
region to significantly reduce cases of illegal take, where
turtles were often consumed or sold in local markets
for their meat, shells, etc. The organisation has also
set up five hatcheries along the 100km coast, where
they practiced ex situ conservation till 2010 and are
currently in the process of building a sixth hatchery.
Odisha
Speakers: Mr. Ashis Senapati, Project Swarajya & Dr.
Sudhakar Kar, Odisha Forest Department
Mr. Ashis Senapati from Project Swarajya and Dr.
Sudhakar Kar from the Odisha Forest Department
provided overviews of conservation in Odisha. The mass
nesting populations (also known as arribadas) of olive
ridley turtles in the rookeries of Odisha are primarily
observed at beaches in two parts of the state: one in
the north (Gahirmatha- the world’s largest rookery for
the olive ridley sea turtle) and the other in the south
(Rushikulya). While Dr. Kar provided details pertaining
to the historic nature of arribadas in Gahirmatha and
Rushikulya as well as the numbers associated with each
mass nesting event; Mr. Ashis Senapati highlighted
a significant concern about the arribada in Odisha
causing conflict with traditional marine fishers. Many
fishers lost their traditional occupation as a result of
Gahirmatha being declared a marine sanctuary. More
recently, an annual seven-month fishing ban (November
1st to May 31st) has been imposed across a 20km stretch
of Gahirmatha coastline. This has caused widespread
resentment amongst fishers as it is seen as a threat to
their fishing rights. Poor weather conditions also affect
the nature of the catch and fishers do not receive adequate
compensation for the same; the 7,500-8,000 INR yearly
compensation for the loss during the fishing ban is not
adequate. This has also caused tension between the
local fishers and environmentalists who support the
implementation of the ban.
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Supraja Dharini, TREE Foundation
The representative from TREE Foundation, Ms. Supraja
Dharini, presented her work covering the states of
Odisha, Andhra Pradesh and Tamil Nadu. Apart
from conducting training workshops for members
of the Forest Department and the Coast Guard, she
also stressed the usefulness of art when conducting
awareness programmes. Ms. Supraja also highlighted the
importance of the work being conducted by the recently
formed Marine Mammal Stranding Network. In Andhra
Pradesh, members of the Sea Turtle Protection Force
work closely with the various stakeholders, including the
Fisheries Department, to encourage enforcement of laws
on trawl boats. Those who survive often need to have a
limb amputated to be released. In order to mitigate this,
trawl fishers are now being encouraged to implement
sustainable fishing practices, including the Turtle
Excluder Devices, to reduce the capture of sea turtles. Ms.
Supraja also presented a poster containing some of these
findings.
Chetan Rao, Dakshin Foundation
Mr. Chetan Rao from Dakshin Foundation covered the
offshore monitoring of turtles in Rushikulya and the Devi
river mouth in Odisha. Turtles begin to appear from
early December and remain nearshore till February/
March throughout the 480km long Odisha coastline. He
provided details of the nature of arribadas in the region as
well as preparation of transects for offshore monitoring.
In order to better understand the offshore biology
of these populations, surveys were conducted in the
offshore waters of Rushikulya where turtles and mating
pairs formed congregations around the Rushikulya
mass nesting beach. Turtles were monitored during
the breeding season using a line-transect approach and
breeding congregations were found from late January to
March. These reproductive patches increased in density
from December till March (the maximum number of
turtles was observed in Rushikulya). Such assessments
are extremely valuable as they help identify key areas
where the turtles congregate and, hence, can be used to
reduce the risk of turtles being caught as bycatch.
Al Badush, Nature Conservation Foundation
Representing the Nature Conservation Foundation,
Mr. Al Badush further expanded on the conflict that
is taking place between fishers and green turtles in the
Lakshadweep Islands. When fishers started fishing on the
reef in 2005, depletion of seagrass increased conflict with
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the turtles. In the initial years, green turtles were viewed
negatively, with many fishers believing that culling the
turtles was the only way to solve issues relating to the
loss of livelihood and decline in fish catch. However,
more recently, as the green turtle populations have
evened out among meadows across the Lakshadweep
atolls, other factors have been identified as being the
main reasons for the decline in fish catch. These include
cyclones and fishing boats from the mainland. In
general, perceptions of change were found to depend
on the most proximate drivers in the eyes of fishers.
Mr. Sumanth Bindhumadhav, Humane Society
International
Mr. Sumanth Bindhumadhav presented work that the
organisation carries out in Odisha in collaboration with
the organization Action for Protection of Wild Animals.
The two organisations work hand in hand to engage with
local communities at the nesting sites of Astarang, Siali,

and Pir Jahania. Many members of these communities
become part-time staff, engaging with activities such as
setting up of hatcheries, cleaning up the nesting site preseason, and intensive patrolling and regular monitoring
of natural nests to prevent predation. Many are now
increasingly engaged with the in situ protection of nests.
The organisation also assisted with setting up the annual
Odisha Turtle Festival, which was reported to have
overwhelming public participation. At the end of the
presentation, Mr. Bindhumadhav emphasised that while
the current conservation activities must be continued and
strengthened, there is also a need to re-focus conservation
efforts beyond hatcheries and other relocation of eggs.
POSTER PRESENTATIONS: DAY 1 and 2
The posters covered a wide range of topics, ranging
from the effect of hatchery nest environments on
hatchling phenotype to green turtle seagrass interactions
in the Lakshadweep archipelago. Participants

Poster Title

Author

Organisation

Andaman and Nicobar Islands – Last refuge for leatherback sea
turtles

Adhith Swaminathan

Dakshin Foundation

Overview of APOWA's turtle conservation activities

Bijaya Kabi

APOWA

Effects of nest environment on olive ridley (Lepidochelys
olivacea) hatchling performance

Chandana Pusapati

Dakshin Foundation

Green turtle-seagrass interactions over space and time in the
Lakshadweep Archipelago

Mayuresh Gangal

NCF

Same or Different? Foraging and nesting habitat of eastern
Indian olive ridley sea turtle populations

Mohit Mudliar

Dakshin Foundation

Engaging local and visiting divers in monitoring marine turtles
in the Lakshadweep Islands

Nupur Kale

Dakshin Foundation

Overview of Wildlife Trust of India's turtle conservation
activities

Shakthi Sritharan

WTI

Overview of UAA's turtle conservation activities

Mangaraj Panda

UAA

Overview of STAP's turtle conservation activities

Bichitrananda Biswal

STAP

Green Habitat, an NGO dedicated to conservation

Abdul Saleem

Green Habitat

Overview of TREE Foundation’s turtle conservation activities

Supraja Dharini

TREE

Overview of VSPCA's turtle conservation activities

Dandu Hari

VSPCA
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were provided the opportunity to interact with the
posters, as well as the individuals who had prepared
them, at their leisure throughout the conference.
DAY 2: PANEL DISCUSSION
The conference was concluded with a panel discussion
moderated by Mr. Muralidharan of Dakshin Foundation.
Panellists included Dr. Madhuri Ramesh from Azim
Premji University, Dr. Rohan Arthur from Nature
Conservation Foundation, Mr. Damodhar A.T., IFS,
Secretary & Chief Wildlife Warden from the Lakshadweep
Forest Department, Mr. Senthil Kumar from the Gujarat
Forest Department, Elsie Gabriel founder of the Young
Environmentalists Programme, and Dr. Bragadeeswaran
from Annamalai University. The discussion covered a
wide range of topics, including the cultural and historic
significance of consumption of turtles as a food source.
In India, the consumption of turtle eggs and meat has
been ongoing for several decades. Turtle meat was (and,
in many cases, still is) considered as an aphrodisiac
and the shells of turtles were sold extensively in local
markets across the country. The consumption of turtle
eggs and adults has drastically reduced in recent times,
but conservationists globally have also been discussing
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the potential for sustainable consumption/use of turtles.
Apart from this topic, the potential benefits of tourism as
well as measures for the mitigation of conflict between
turtles and fishers were also covered.
CLOSING CEREMONY
For the closing ceremony, members were awarded for
their poster presentations and paintings, as well as
provided with tokens of appreciation. A cultural event
that showcased the local talent groups, in the form of local
music and dance forms of Lakshadweep, was enjoyed by all.
In conclusion, the 1st National Conference on Marine
Turtle Conservation provided the participants with the
opportunity to get a glimpse of the work undertaken
with respect to turtle conservation across the country. It
brought to light several key issues faced by marine turtles
across the coast of India and, through the discussions,
participants were able to consider how such issues could
be mitigated in their state and region. Thus, the conference
allowed for the successful exchange and dissipation of
ideas among attendees and increased awareness about the
work being carried out in different parts of the country.
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REVIEW

SEA TURTLE RESEARCH AND CONSERVATION PRIORITY
SETTING: A REVIEW OF THREE RECENT GLOBAL RESEARCH
REVIEWS
JEFFREY A. SEMINOFF
Marine Turtle Ecology & Assessment Program, NOAA-Southwest Fisheries Science Center, La Jolla CA, USA
Jeffrey.Seminoff@noaa.gov

We are in a renaissance period of sea turtle research and
conservation efforts around the world. There are more
people studying and conserving sea turtle populations
in more areas than ever before. Scientists are using both
well-proven and novel field and analytical techniques
with great success. Yet still there are many fundamental
questions relevant to sea turtle biology and conservation
for which the answers have remained elusive. What
are their maturation ages? Where are the hotspots
of oceanic juvenile presence? Does pollution such as
microplastics cause immunosuppression? Indeed, a
myriad of basic aspects about this ancient clade need to
be clarified, but what are the truly burning questions?
A decade ago, Mark Hamann and 34 colleagues published
a comprehensive analysis of sea turtle research and
conservation priorities based on a review of the literature
and professional feedback (Hamann et al., 2010). This
was a monumental effort that provided a blueprint for
the sea turtle research and conservation community. So
far, the paper has been cited ~495 times in the literature,
underscoring its value as a guiding document for
defining research priorities. Six years later, ALan Rees
and 43 co-authors teamed to publish a follow-up the
2010 paper (Rees et al., 2016), evaluating the progress in
closing information gaps identified in Hamann et al. that
had been achieved in the intervening years. This effort
expanded on Hamann et al.’s work, and renewed focus
on the most salient issues that should be addressed in
sea turtle research and conservation. Since then, a third
review by Natalie Wildermann and 32 colleagues has
been published (Wildermann et al., 2018), which focuses
exclusively on juvenile turtles, a life-stage that seems to
have a disproportionately large number of outstanding
questions about their biology. The team conducted expert
elicitation and the result is the go-to document to identify
the topics relating to immature turtles most in need of
future study.

All three papers shared similar approaches to generate
clear and well-justified research priorities. Typically, a
core group of co-authors conducted initial literature
reviews using Web of Science™, a publisher-independent
global citation database, with key input terms such as sea
turtle, marine turtle, etc. Upon generating a list of papers,
the core authorship group would identify additional
thematic and regional experts from around the world
and invite them to participate in the latter stages of the
research prioritisation process. The expanded author
groups would then come up with a list of key research
gaps, and smaller teams would draft ‘mini-reviews’ for
each theme or question. I believe this approach was a
good one, in that it made use of existing literature and
added contemporary knowledge based on researcher
experience. The groups of sea turtle experts involved
in each review included many of our communities’
foremost researchers, and the teams represented speciesspecific and regional expertise from around the globe.
The reviews by Hamann et al., Rees et al., and
Wildermann et al. are especially helpful to orient both
new and experienced researchers about what is known
about sea turtles and where we as a research and
conservation community need to focus our time and
efforts. I should acknowledge that I am a (proud) coauthor on each of these papers, and thoroughly enjoyed
working with so many wonderful friends and colleagues.
However, this also makes me somewhat of a partisan
reviewer of these papers; nevertheless, I have tried to
present a balanced summary of each paper as if I were
reading them for the first time. I’ll also mention that this
‘review of reviews’ includes three papers, all published in
the peer-reviewed journal Endangered Species Research
(ESR). This is not an advertisement for the journal, but
rather a product of the fact that under the leadership of
Editor-in-chief Dr. Brendan Godley, ESR has published
numerous seminal review papers that summarise
the biology and conservation of imperilled species,
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including more than just sea turtles. Congratulations to
ESR and to all the authors that helped get these reviews
completed and these guiding questions into the literature!
Hamann, M., M.H. Godfrey, J.A. Seminoff, K. Arthur,
P.C.R. Barata, K.A. Bjorndal, A.B. Bolten, A.C.
Broderick, L.M. Campbell, C. Carreras, P. Casale, M.
Chaloupka, S.K.F. Chan, M.S. Coyne, L.B. Crowder, C.E.
Diez, P.H. Dutton, S.P. Epperly, N.N. FitzSimmons, A.
Formia, M. Girondot, G.C. Hays, I-J. Cheng, Y. Kaska,
R. Lewison, J.A. Mortimer, W.J. Nichols, R.D. Reina,
K. Shanker, J.R. Spotila, J. Tomás, B.P. Wallace, T.M.
Work, J. Zbinden & B.J. Godley. 2010. Global research
priorities for sea turtles: informing management and
conservation in the 21st century. Endangered Species
Research 11: 245-269.
The paper by Hamann et al. tops out 22,351 words and
over 24 journal pages. It has 356 citations and a single
table that summarises the findings of the review. Thirtyfive authors from around the world participated and
provided expertise for all seven sea turtle species. The
methods for this review included an initial search on
the Web of ScienceTM for the years 2006 to 2009 using a
variety of search terms such as sea turtle, marine turtle,
and conservation. A total of 813 papers were encountered
using these search terms, and from these a total of 35
sea turtle experts from 13 countries were identified and
invited to participate in the expert solicitation process. In
this, each was asked to propose up to 10 ranked ‘research
questions to assist effective sea turtle conservation
over the next 10 years’. A total of 347 questions were
grouped into themes and subthemes and then into 23
metaquestions.
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topic can easily find it in the paper. The paper doesn’t
elucidate the regional nature of research gaps, thus there
is no specific mention of the Indian Ocean. Nevertheless,
Hamann et al. (2010) set the standard for future sea turtle
reviews and even if a bit older than the other papers, it is
still a go-to source for learning about information gaps
and research priorities for sea turtles around the world.
Rees, A.F., J. Alfaro-Shigueto, P.C.R. Barata, K.A.
Bjorndal, A.B. Bolten, J. Bourjea, A.C. Broderick, L.
M. Campbell, L. Cardona, C. Carreras, P. Casale, S.A.
Ceriani, P.H. Dutton, T. Eguchi, A. Formia, M.P.B.
Fuentes, W.J. Fuller, M. Girondot, M.H. Godfrey,
M. Hamman, K. Hart, G.C. Hays, S. Hochscheid, Y.
Kaska, M.P. Jensen, J.C. Mangel, J.A. Mortimer, E.
Naro-Maciel, C.K.Y. Ng, W.J. Nichols, A.D. Phillott,
R.D. Reina, O. Revuelta, G. Schofield, J.A. Seminoff, K.
Shanker, J. Tomás, J. van de Merwe, K.S. VanHoutan,
H.B. Vander Zanden, B.P. Wallace, K.R. WedemeyerStrombel, T.M. Work & B.J. Godley. 2016. Review:
Are we working towards global research priorities
for management and conservation of sea turtles?
Endangered Species Research 31: 337-382

These metaquestions were circulated to all 35 participants
for consensus, with a goal of selecting the final 20 questions
(Table 1) that were deemed most important and inclusive;
these were organised into five categories: (1) reproductive
biology, (2) biogeography, (3) population ecology, (4)
threats, and (5) conservation strategies. After reaching
consensus on the final 20 questions, teams of up to three
co-authors drafted the supporting text for the description
of each metaquestion. These topical descriptions
were written with a focus on those most commonly
occurring ideas within each theme while also trying
to capture all ideas presented by individual questions.

This review is the largest among the three that I discuss
here, including 44 co-authors, 39,417 words, 45 published
pages, and a whopping 746 citations. The overall goal
was to explore the extent to which the 20 research and
conservation questions emerging from Hamann et al.
(2010) had been addressed in the intervening years.
The authorship team conducted a systematic review
using all databases in the Web of ScienceTM and search
terms of sea turtle, marine turtle, loggerhead turtle,
green turtle, leatherback turtle, olive ridley, Kemp’s ridley,
hawksbill turtle, and flatback turtle. This search yielded
a list of 707 articles that was honed down to remove
grey literature and any duplicate listings. A subset of
authors then reviewed each publication to ascertain
the extent to which any of the original 20 questions
highlighted in Hamann et al. (2010) had been addressed.
When possible, each paper was classified by sea turtle
species and ocean basin. Next, 42 publishing sea turtle
researchers provided insights about the three most
relevant questions in Hamann et al. (2010) that matched
their expertise. Based on this feedback, small groups of
up to three co-authors compiled summaries on recent
progress towards answering each of the 20 questions.

Although more text-heavy (one table, no figures) than the
other papers, Hamann et al. (2010) does a super job of
introducing the hybrid approach of using literature review
and expert opinion to describe research and conservation
needs for sea turtles. The paper is well-organised and
easy to follow, such that a reader interested in a specific

Overall, 605 papers were reviewed in full and 355 were
determined to have addressed the 20 key questions in
sea turtle research and conservation; 40 of these papers
cited Hamann et al. (2010). The paper was organised into
subsections that summarise progress for each question
from Hamann et al. These summaries referenced recent
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Table 1. Five priority research categories and 20 key metaquestions relating to sea turtle research and conservation that
were introduced in Hamann et al. (2010) and for which research progress was updated in Rees et al. (2016).
A. Reproductive biology
1. What are the factors that underpin nest site selection and behaviour of nesting turtles?
2. What are the primary sex ratios being produced and how do these vary within or among populations and
species?
3. What factors are important for sustained hatchling production?
B. Biogeography
4. What are the population boundaries and connections that exist among rookeries and foraging grounds?
5. What parameters influence the biogeography of sea turtles in the oceanic realm?
6. Where are key foraging habitats?
C. Population ecology
7. Can we develop methods to accurately age individual turtles, determine a population’s (or species’) mean
age-at-maturity, and define age-based demography?
8. What are the most reliable methods for estimating demographic parameters?
9. How can we develop an understanding of sea turtle metapopulation dynamics and conservation
biogeography?
10. What are the past and present roles of sea turtles in the ecosystem?
11. What constitutes a healthy turtle?
D. Threats
12. What will be the impacts from climate change on sea turtles and how can these be mitigated?
13. What are the major sources of fisheries bycatch and how can these be mitigated in ways that are
ecologically, economically, and socially practicable?
14. How can we evaluate the effects of anthropogenic factors on sea turtle habitats?
15. What are the impacts of pollution on sea turtles and their habitats?
16. What are the etiology and epidemiology of fibropapillomatosis (FP), and how can this disease be managed?
E. Conservation strategies
17. How can we effectively determine the conservation status of sea turtle populations?
18. What are the most viable cultural, legal and socio- economic frameworks for sea turtle conservation?
19. Which conservation strategies are working (have worked) and which have failed?
20. Under what conditions (ecological, environmental, social and political) can consumptive use of sea turtles
be sustained?
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findings together with foundational research carried
out prior to publication of Hamann et al. (2010).
With respect to the Indian Ocean, Rees et al. describes
that this region, along with the Pacific, are areas where
the greatest genetic advances have occurred, especially for
green turtles, hawksbills, olive ridleys, and loggerheads.
However, across all species, the paper also notes that eight
of the 12 regional management units with critical data
needs as per Wallace et al. (2011; PLoS ONE 6: e24510) are
in the Indian Ocean. Rees et al. (2016) also underscores that
key information about hatching production is missing for
almost all species and populations in the Indian Ocean.
Rees et al. (2016) includes several figures and tables to
help describe the review’s results. I found Figures 1 and
2, which described the proportion of recent publications
that addressed Hamann et al.’s burning questions to be
useful and instructive. Figure 2 is especially helpful for
learning about results by species and ocean region. An
appendix at the paper’s end provides an exhaustive list
of the papers published in 2014 and 2015 that address
the 20 questions highlighted by Hamann et al. (2010).
Wildermann, N.E., C. Gredzens, L. Avens, H.A.
Barrios-Garrido, I. Bell, J. Blumenthal, A.B. Bolten,
J. Braun McNeill, P. Casale, M. Di Domenico, C.A.
Domit, S.P. Epperly, M.H. Godfrey, B.J. Godley,
V. González-Carman, M. Hamann, K.M. Hart, T.
Ishihara, K. Mansfield, T.L. Metz, J.D. Miller, N.J.
Pilcher, M.A. Read, C. Sasso, J.A. Seminoff, E.E. Seney,
A. Southwood Williard, J. Tomás, G.M. Vélez-Rubio, M.
Ware, J.L. Williams, J. Wyneken & M.M.P.B. Fuentes.
2018. Informing research priorities for immature sea
turtles through expert elicitation. Endangered Species
Research 37: 55-76.
As to be expected of a review focusing only on one sea
turtle life-stage, Wildermann et al. (2018) is shorter
than the afore discussed reviews, coming in at 16,621
words, 21 published pages, and 240 citations. However,
the involvement of 33 authors from around the world
signifies that his paper is just as robust and inclusive
of the research community as the other reviews.
To identify existing knowledge gaps and research
priorities for immature turtles, a core group of co-authors
assembled a team of sea turtle experts by searching for
member profiles on the IUCN Marine Turtle Specialist
Group website that indicated research on immature
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sea turtles, as well as determining who was researching
immature turtles based on a literature review on the
Web of ScienceTM. The search included terms immature,
juvenile, sub-adult, sea turtle, and marine turtle. Each
returned article was then evaluated for topical relevancy
to immature life stages of sea turtles. Next, a collection of
juvenile sea turtle researchers who authored these papers
were invited via email to participate in an online survey via
the tool Survey Monkey®. These experts were also asked to
suggest up to five colleagues that work in the field, in effort
to involve as many juvenile sea turtle experts as possible.
The Survey Monkey questionnaire comprised 11
questions grouped in two sections. The first section
contained four questions that focused on identifying
each participant’s area of expertise and experience. The
second section contained seven questions focusing
on participants’ opinions on the current global state of
knowledge, research priorities, critical research questions,
and barriers that impede addressing these questions for
immature sea turtles.
The greatest achievement of Wildermann et al. (2018) is
their comprehensive list of research questions involving
juvenile, or immature sea turtles. The paper provides a
total of 20 salient questions, divided among four research
themes: population ecology, habitat use and behaviour,
threats, and management. Regarding the Indian Ocean,
the pertinent findings of the paper’s gap analysis are that
this region is one for which very little information on
immature turtles is available. The authors lament that
low number of Indian Ocean researchers and suggest
that the Indian Ocean is a region where Local Ecological
Knowledge could help fill the information void.
Wildermann et al. (2018) makes use of excellent and
informative tables and colour figures. Readers are
presented with easily interpreted graphics relating to
the experts who provided insights, survey questions and
expert responses, a comparison of the number of studies
of all life stages versus just juveniles, and the resulting
priority research questions. This paper is also the only
of the three to employ rigorous statistical analyses (e.g.,
multiple correspondence analysis) to describe the trends
in responses among experts. Finally, the team’s ranking for
immature turtles in terms of priority species and regions
that need more attention was of great value. Like the other
two reviews, this paper is a must-read for learning about
the state-of-the-art knowledge about immature turtles.
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Table 2. Priority research questions for immature sea turtles generated by expert elicitation as described in Wildermann
et al. (2018).
A. Population ecology
1. What is the survivorship of each stage/age-class and minimum threshold to maintain healthy populations?
2. What influences survivorship and abundances, both locally and globally?
3. What is the age and size at maturity?
4. What is the population size of juveniles?
5. What is the genetic and geographic origin of individuals in developmental habitats, and which regional
management units do they belong to?
B. Habitat use and behaviour
6. What is the distribution and movement of immature turtles?
7. What type of habitat is needed and which types are preferred?
8. What are the drivers of habitat selection and recruitment from pelagic post-hatchling foraging?
9. How do the distribution of habitat and food items correlate with juvenile densities and distributions?
10. How consistent is the distribution of juveniles, both spatially and temporally?
C. Threats
11. What are the key threats to juveniles in their developmental habitats, where are the threat hotspots, and
how can threats be mitigated?
12. What are the cumulative and synergetic impacts of threats?
13. What are the individual and population level impacts of various threats? What is the level of impact of
fisheries on juveniles and developmental habitat?
14. How will climate change impact individuals and their habitats?
15. Which genetic stocks are being threatened during the immature stage?
D. Management
16. What are the best conservation measures to mitigate threats and monitor population responses, both
globally and site specifically?
17. What is the minimum number of populations to monitor to effectively manage and conserve juveniles of
each species?
18. What is the minimum number of key areas needed for effectively managing regional management units
and promoting population growth?
19. Which management strategies can be implemented to protect vulnerable populations and developmental
habitats temporarily?
20. Are there seasonal patterns in juvenile distribution and abundance which allow for targeted management
approaches?
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