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EXECUTIVE
SUMMARY

INTRODUCTION

The region described in this study comprises the Gulf, a shallow sea of the Indian
Ocean to the north of the Arabian Peninsula (hereafter referred to as ‘the Gulf’),
the Gulf of Oman and Arabian Sea. It supports large green turtle populations

on Karan and Jana Islands in Saudi Arabia, and at Ras Al Jinz / Ras Al Hadd in
Oman. Smaller nesting aggregations are found in Iran and Kuwait, and recently a
nest was found in the UAE. There are hawksbill turtle nesting rookeries in Saudi
Arabia, Iran, Kuwait, Qatar, Oman and the United Arab Emirates. Masirah Island,
Oman supports one of the largest loggerhead rookeries in the world of thousands
of nesting females along with hawksbill turtles and a small population of olive
ridley turtles (Rees et al., 2012a). Yet, until this study, nothing was known of
hawksbill at-sea habitat other than the location of nesting sites and inferences
drawn from their spongivorous diet which suggested they inhabited only coral reef
habitats.

The Gulf is a unique environment which undergoes extreme water and air
temperature fluctuations; as a result this climate has a profound impact on marine
species development and distribution. Surface waters typically exceed 30°C

for sustained periods and the Gulf can be likened to a natural living laboratory
for understanding thermoregulatory behaviour by marine species in the face

of climate change and elevated global temperatures. Temperature is important
because marine turtles are ectotherms and regulate internal body temperatures
through behavioural responses to temperature shifts. Negative influences of
changes in climate regimes include habitat availability and nesting success,
nesting timing and periodicity, incubation success, gender ratios and hatchling
fitness among others. Thus, the ability for turtles (and other species) to respond
to temperature shifts may become more relevant in the face of rising global
temperatures.

Marine turtles play valuable ecological roles as consumers and prey and they are
indirectly linked to seabed and fisheries stability. Marine turtles can be indicator
species of the relative health of habitats that support commercial fish and
invertebrates (found in seagrass beds, open oceans and coral reefs among others)
that are valued by mankind. Marine turtles also have non-consumptive uses such
as tourism, education and research.

Marine turtles in the Arabian region have traditionally served as sources of meat
and eggs. More recently the harvest of adults is less common but still occurs, and
the harvest of eggs on remote islands appears to be on the rise. In addition, many
smaller turtles strand on Gulf beaches from cold-stunning in the winter months,
and an increasing number of adults are stranding with evidence of drowning

in fishing gear. The Gulf is also one of the world’s most important exploration

and extraction areas for oil and natural gas, and both the Gulf and Gulf of Oman
experience among the largest shipping densities in the world via the Straits of
Hormuz, posing substantial threats to turtles. On top of this there are commercial,
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artisanal and recreational fisheries in all countries which further impact turtles.
Coastal development is also a major factor that threatens every life stage of turtles
in the Gulf; with nesting beaches and foraging reefs being lost to construction and
sea grass meadows being dredged. Moreover, coastal modification and noise, light
and physical pollution can affect a turtles migratory and nesting behaviours. Given
these pressures there is considerable need for focussed conservation strategies
which target the full range and extent of turtles’ life cycles.

Satellite tracking data for 9o post-nesting female hawksbills (775 tracked by the
project and 15 contributed by partners) from nesting sites in Iran, Oman, Qatar
and the United Arab Emirates (UAE) have been used to identify key foraging
grounds, temporal activity patterns and potential migration bottlenecks. These
data and analyses are expected to improve the overall understanding of hawksbill
habitat and behaviour in a climate-challenged environment, contribute to our
understanding of Important Turtle Areas in the Arabian region, and will support
sea turtle conservation-related policy decision-making at national and regional
levels.

METHODS

Satellite transmitters were attached to the turtles with a fibreglass and

resin process. Each turtle was also tagged and measured to provide back-up
identification and size data, and tissue samples were collected for genetic analysis.
We filtered the data for fixes with a speed of < 5 km/h and excluded implausible
data such as landlocked fixes, and positions thousands of kilometres from the
previous fix. We selected only one fix per turtle per day, choosing the highest
quality fix. Where more than one signal of equal high quality was available, we
selected the point closest to midday. All points prior to departure from the nesting
site were categorised as internesting. Each approximate two-week block during of
internesting behaviour was considered a subsequent nesting event. An increase in
travel speeds and assumption of unidirectional travel, until the commencement
of foraging, was categorised as migration. Foraging grounds were identified by a
reduction in travel rates and a shift from purposeful, unidirectional orientation to
short distance movements with random heading changes. Purposeful northeast
movements into the middle of the Gulf from July-August, followed by returns in
September-October were categorised as summer migrations. We computed home
ranges (95% density of foraging location fixes) and core areas (50% of foraging
location fixes) to describe the spatial extent of individual foraging grounds and to
identify Important Turtle Areas (ITAs).

We also used remotely-sensed physical and biological environmental data to
describe the marine environment at foraging grounds and during migration
periods: comprising sea surface temperature (SST), sea surface height (SSH) and
geostrophic currents, along with surface chlorophyll-a density. We extracted the
corresponding environmental and biological data relative to each turtles’ position
in space (spatially interpolated between grid points at the same resolution as the
individual environmental variables) and time, and investigated the relationships
between these variables and the turtle location fixes and behavioural state, along
with timing of behavioural shifts to explain the behavioural responses.

Marine Turtle Conservation Project Final Scientific Report 9
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RESULTS

Given differences in migration and behaviour patterns identified between Gulf,
Masirah and Daymaniyat Islands turtles, our analyses typically considered these
groups separately. We found a significant difference in curved carapace length
between turtles in the Gulf and those from Oman. Turtles in the Gulf averaged
70.3 cm in curved carapace length (CCL), while turtles from Oman were over 10
cm longer, averaging 81.4 cm in CCL.

The average period after tag deployment and prior to migration among turtles in
the Gulf was 20.1 days representing an average of 1.4 nesting cycles with a possible
range O to 5 nesting events. There were no significant difference in nesting activity
by turtles from the Daymaniyat islands or Masirah and the combined average
nesting period for turtles from Oman was 11.1 days representing an average of only
0.9 nesting cycles with a possible range o to 3 nesting events. Overall our findings
indicate Arabian region hawksbills have the capacity to nest up to at least 6 times
in a season (the nesting event witnessed by the team and 5 additional ones), but
that on average nesting is likely to be closer to 3 events per season, with lower
nesting activity by a higher proportion of turtles in Oman than in the Gulf.

Turtles in the Gulf moved primarily in a S or SW direction towards the SW corner
of the Gulf shared by the United Arab Emirates, Saudi Arabia and Qatar; although
a small proportion of turtles travelled into the Gulf of Salwa (between Qatar and
Saudi Arabia) and northwards towards Bahrain, Saudi Arabia and Kuwait. Turtles
from the Daymaniyat islands headed SE along the coast of Oman, rounding Ras Al
Hadd and heading SW towards foraging sites off the mainland coast near Masirah
and further towards the Yemen coastline. Turtles from Masirah, rarely travelled
further than 50-80 km to coastal foraging sites off the Oman mainland coast, with
the exception of one turtle which travelled 350 km to the SW.

Gulf turtle migrations were short, and completed within an average of just 10.3
days and averaging only 189.4 km. Migrations from the Daymaniyat islands were
the longest, averaging 672.6 km over an average 28.6 days. All but two of these
reached or passed Masirah island on Oman’s south coast, and one migrated into
the Gulf via the Straits of Hormuz - the first documented instance of its kind.

In contrast, migrations by turtles deployed on Masirah were the shortest of all,
averaging only 80.5 km and lasting only an average of 3.95 days. Travel speeds by
turtles undertaking migrations were not significantly different between the Gulf,
Masirah or the Daymaniyat, with an overall travel speed during migrations of
19.02 km/day.

Turtles undertaking summer migration loops generally moved in a north-easterly
direction toward deeper sections of the Gulf between July and August, returning
in a south-westerly direction to the shallower foraging grounds in September-
October. There was a significantly higher travel speed during the summer loop
state than preceding or following foraging state, with foraging animals averaging
4.6 km/day and summer loopers averaging 10.9 km/day. The term summer
migration loop was derived from the overall timing of the behavioural shift as
turtles departed from significantly warmer waters and occupied waters roughly
2°C cooler at the apex of the migration loops, not returning until waters had
cooled substantially in the lower south-western reaches of the Gulf.

In the Gulf, turtles occupied discreet and isolated foraging grounds, often
returning to the same areas following two-to-three month summer migrations
but frequently also moving to new areas. No turtles headed east towards Iran
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nor, apart from one, the eastern reaches of the UAE, which receive the cleaner
waters entering the Gulf from the Sea of Oman. In Oman, turtles from both the
Daymaniyat islands and Masirah migrated primarily to waters off Shannah, on
the mainland adjacent to Masirah, with an additional few heading to Quwayrah,
approximately 250-300 km further.

Travel speeds were slower when foraging (=4.5 km/day), than during migrations
(19.02 km/day) or summer loops (10.9 km/day). Home ranges varied in size but
overall were relatively small, averaging 48.7 km?. Most home ranges between 40
and 60 km?. In contrast, core areas were extremely precise, limited to individual
shallow patches and averaging only 3.3 km?, with the majority of them measuring
only 3 to 5 km?. Gulf home ranges averaged 52.4 km? and were significantly larger
than home ranges for turtles outside of the Gulf (=39.7 km?). The core areas
reflected this pattern, suggestive of higher quality foraging grounds fronting the
Indian Ocean than in the climate-challenged Gulf.

Two turtles provided clues that point to fishery: one of these was deployed off the
Daymaniyat islands and headed SE towards Ras Al Hadd. The turtle then reversed
course after rounding the headland and headed in a NE direction, crossing the
Gulf of Oman. Analysis of tracking data indicated the satellite transmitter was
transmitting strongly but that all signals were dry, suggesting the turtle may

have been on board a boat. Signals ended half way between Oman and Pakistan.

A second turtle left the feeding grounds in the middle of the Gulf suddenly and
headed in a NE direction towards Iran. Subsequent tracking data over six months
indicated the transmitter was inland, in the vicinity of a town called Koshkonar.

DISCUSSION

It is likely that the smaller body sizes of marine turtles in the Gulf are linked to
extreme temperature extremes, where surface water temperatures range from a
minimum of 16°C during winter months to a maximum of 37°C in the summer.
Exposure to temperatures which exceed normal tolerances can lead to a decrease
in nutritional uptake and growth, and the cold winter temperatures cause many
smaller turtles to strand cold-stunned. Gulf turtles are among the smallest adult
turtles worldwide, suggesting growth in Gulf turtles is nutrient-limited.

Data on total reproductive output at a regional level can provide an understanding
of population robustness and would allow managers and conservationists to track
population performance over time. Interpretation of telemetry data may yield
accurate estimates of nesting frequency. In this study, it is shown that turtles
from Oman deposited fewer clutches on average than those in the Gulf, and based
on detention periods in internesting grounds following transmitter deployment,
we estimated turtles could potentially deposit up to five additional clutches (for a
total of six), but that the norm was for them to deposit an average of three clutches
per season.

Water circulation patterns in the Gulf are not generally strong and average
only 0.1 km/h, and we considered these of little consequence to post-nesting
migrations of turtles within the Gulf itself. It appears that the smaller body size
of hawksbills in the Gulf did little to influence their swimming ability. Average
distances travelled during the Gulf migrations were substantially lower than
global averages reflecting the relatively small size of the gulf and the lack of
emigration to the Gulf of Oman and beyond. In the Gulf, migrations of adult

Marine Turtle Conservation Project Final Scientific Report 11
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turtles from the eastern Gulf tended to head southwest and south, opposing eddy
currents in the central Gulf. Turtles from northern Qatar did migrate southward
and southeastward, in keeping with local currents, but a substantial number also
moved north and northwest from nesting grounds, opposing local currents. Three
turtles showed tendencies to enter the Gulf of Salwa, migrating between Qatar and
Bahrain and outward again. In light of deliberations on the creation of a causeway
to link the two countries, we consider this an area of conservation concern,
creating a migratory bottleneck between the two landmasses.

It appears the Somali current, of the Arabian Sea, did not impede the purposeful
swimming registered for Oman’s turtles, even given the hawksbill’s general
perception as the ‘more sedentary’ of sea turtle species. Migration distances for
turtles departing the Daymaniyat islands were more than twice the global average
for adult hawksbills with a maximum migration distance approaching 1100 km.
Turtles departing Masirah covered significantly shorter migration distances than
global averages, with migrations averaging only 80.5 km. However, all but one of
these turtles headed to the nearby Omani mainland, with an average displacement
of <30 km, far smaller than the global average of 327 km. We consider the
bottleneck at Ras Al Hadd a major concern for Oman turtles given the extensive
artisanal and commercial fishing in the area. All except for one turtle from the
Daymaniyat Islands rounded the Ras (cape) and headed SW to Masirah and
beyond, and we suggest this area be considered as a critical pathway for turtles

in the region. Similarly in Oman we suggest the area between the southern tip

of Masirah island and Shannah on the mainland to be an important migratory
pathway and foraging ground.

Our results indicate Gulf hawksbills employ thermoregulatory responses which
take them out of high temperature and potentially physiology-threatening
conditions. Sea surface temperatures during the summer averaged 33.5°C and
peaked at 34.9°C. During these elongated periods of elevated temperatures
(June-August) the turtles temporarily migrated an average of 70 km to deeper
and cooler waters at northern latitudes, returning after 2-3 months (September-
October) back to original feeding grounds. Temperature differential (At) between
foraging and summer loop habitats was significantly different and approximated
-2°C. Turtles undertaking summer migration loops generally moved in a north-
easterly direction toward deeper water, returning in a south-westerly direction

to the shallower foraging grounds. Swim speeds were significantly higher and
orientation was less omnidirectional during the migrations than when foraging.
The outbound migrations were significantly inversely correlated with temperature,
but were not linked to chlorophyll-a, geostrohphic currents or sea surface height.
The thermoregulatory behaviour was not detected in turtles outside of the Gulf
and is believed to be a consequence of the more temperate waters of the Indian
Ocean, where the narrow continental shelf along the Oman coast brings the effects
of cold-water upwelling close to shore.

Turtles in the Gulf spent some 70% of their time on foraging grounds, and Omani
turtles spent upwards of 83% of their time in foraging areas. The difference

in these two time allocations is the result of Gulf turtles undertaking summer
migrations to escape higher surface water temperatures during summer months,
during which we believe they were not feeding. The foraging habitats were spread
over vast areas but at the individual turtle level typically ranged over only 40-

60 km? with core areas of only 3-5 km2. Home ranges and core areas for Omani
turtles were substantially smaller than those for Gulf turtles, suggesting Oman
turtles have access to higher quality foraging areas than those turtles living in the
climate-challenged Gulf, with a decreased requirement for wide-spread foraging
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movement. Ground-truthing suggests that these areas may be limited to small
reef mounds only 100s of meters across. In the SW corner of the Gulf foraging
grounds were distributed across ~20,000 km? between Abu Dhabi in the UAE, a
small parcel of Saudi Arabian territorial seas, and the southern reaches of Qatar.
In Oman the foraging habitats were spread along >500 km of coastline, but given
the steep deepwater drop-off close to the Omani coastline their habitats were
restricted to a narrow coastal belt.

Contrary to our earlier expectations that Gulf hawksbills would inhabit clear-

cut areas that may be demarcated for some level of protection, the widespread
dispersal of hawksbills across the SW Gulf may limit the habitat protection options
available to managers. Hawksbill foraging habitats are predominantly located

in shallow waters where overlap with commercial shipping might be less of an
issue, but this is where most traditional fisheries take place. Industrial/urban
development of shallow water areas should be curtailed to maximise foraging
habitats for hawksbills, and fishery activities should be evaluated for their
impact to hawksbills, with a view to introducing regulations and conservation
programmes which promote turtle survival. In Oman the identification of
Important Turtle Areas was substantially clearer, with the identification of
Shannah and Quwayrah as being key foraging habitats, and the waters off Ras Al
Hadd — indeed the 20 km band along the shores between the Daymaniyat Island,
Muscat and Masirah Island — constituting an important conservation bottleneck
for hawksbill turtles.

Small-scale artisanal fisheries have the potential to inflict severe negative impacts
on in marine turtles. In this study satellite tracking revealed the mortality of

two out of 90 turtles, suggesting that fishery-related mortality is a conservation
concern in the region. Importantly, given the vast dispersal area for hawksbills
and other turtle species in the region, it is likely that conservation will be best
aided by fishery management measures, and a critical look at impacts from
fisheries at a regional level is warranted.

The results of our work may be used by government and conservation agencies
in spatial formats compatible with Global Information Systems enabling risk
assessments for turtles in the face of urban and industrial development including
oil and gas industries, climate change, fishery pressure, and shipping activities.
These risk assessments will further highlight the overlaps between important
turtle habitat and the varied threats in the Arabian region and provide a

pathway for prioritising Important Turtle Areas for dedicated conservation and
management action.
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The hawksbill turtle (Eretmochelys imbricata) is listed as Critically Endangered globally on the ITUCN Red List.

1.1 MARINE TURTLE BIOLOGY AND CONSERVATION
NEEDS

Marine turtles have roamed the planet’s oceans since the late Triassic, and have
remained relatively unchanged since that time. Indeed, much of the planet itself
remained evolutionarily relatively unchanged, save for natural physical and
biological processes such as sea level rise and fall, up until the last two millennia,
if not the last two centuries. But during this time mankind has had a considerable
impact on the globe’s physical appearance and climate...

From free-roaming and numerous as recently as two hundred years ago to
endangered and critically endangered today, marine turtles have fallen victim to
mankind’s industrialisation and human population growth. Mechanised fisheries,
industrial development, expansion of the human footprint, habitat loss and
degradation, and climate change have driven turtles to a precarious state.

Due to their elusive at-sea nature, the plight of marine turtles remained unknown
until the pioneering work of the late Archie Carr in the Southern US and Central
Americas back in the 1960s and 1970s, and that of his peers around the world.
Since that time, and with the growth of the community of sea turtle researchers,
biologists and conservationists, and more recently of a concerned private sector,
much has been done to help populations that were in decline and to protect
habitats crucial to their long-term survival. The critical biological adaptations
peculiar to marine turtles, such as the migrations they undertake to nest, the long
period between emerging as a hatchling and returning as sexually mature adults,
the cues that help orient hatchlings seaward, and the variety of habitats they
require to advance through life, all have contributed to create conservation issues
that today are tackled by a host of research and management programmes.

Turtles spend almost all their life cycle in the ocean. They are solitary cold-
blooded reptiles which need to surface to breathe, and only emerge on land to
nest (females) and very occasionally to bask (both males and females — although
basking has not been recorded in the Gulf region, likely given the extreme high
temperatures). The life cycle of sea turtles is similar across species and can be
described generically (Figure 1). In general, turtles migrate from distant feeding
grounds to different nesting areas and once the males and females arrive, they
mate during a period of one to two months, although individual females are only
receptive for two to three weeks. Males mate with several females, and females
mate with several males. Fertilisation of eggs is often by multiple males, likely

as an evolutionary tactic to maximise genetic diversity. After mating it generally
takes two to four weeks for a female to lay the first clutch of eggs, and after this
the females may return two to eight more times in the same season to nest. Nests
typically contain 80-120 eggs depending on species, which take approximately 45-
65 days to incubate, and invariably hatch after dark, when the sand surface cools
(so the hatchlings to not suffer from the heat of the sun on emergence).

Hatchling sex ratios are correlated to nest temperatures, whereby warmer nests
produce higher proportions of female hatchlings. Temperatures during incubation
are often a function of sand colour, whereby nests in darker sands incubate at
higher temperatures and produce more females. The hatchlings dig through the
sand for two or three days before emerging, then crawl down the beach and head
in an offshore direction, mostly using light to reach the shore, then waves through
the nearshore waters and finally magnetic fields for guidance and orientation as
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they reach offshore areas. They swim for one to two days in what is known as a
‘swimming frenzy’ to get as far offshore as possible and after this they generally
float on the surface among convergence zones and weed lines for several years
until they recruit as small 20-40 ¢cm juveniles from oceanic waters to nearshore
shallow feeding areas. They typically remain at one or multiple feeding grounds
for five to ten or more years until they reach sexual maturity, and undertake their
first migration to the mating and nesting areas, whereupon the cycle is repeated.

A common feature of the reproductive biology of all marine turtle species is the
use of beach habitat for nesting. Female marine turtles emerge from the water,
generally at night, and move up the shoreline to select a nesting location. Most
females do not nest in consecutive years. However, female marine turtles usually
deposit several clutches of eggs per year. Sea turtles generally demonstrate fidelity
to a nesting beach and return to nest on their natal beach with some degree of
precision. The process by which turtles select nesting sites along a beach has not
been clarified; however light regime is considered to have a significant impact on
the emergence of female marine turtles from the ocean. Marine turtles may also
emerge from the water and then return without attempting to excavate a nest or
lay eggs — a phenomenon often referred to as a “false crawl”.

Coastal shallow

water foraging

(immature and
adult turtles)

Breeding
migration

adults return (2-8 years)

to foraging areas Adults migrate to

mating areas

V. Mating areas
e (shallow waters)

I?Qg’ “/

Nesting
on beach

When eggs hatch and hatchlings emerge, lighting cues have been identified as
critical for hatchlings to move from the beach to the ocean — a behaviour known
as ‘sea-finding’. In simple terms, where there are no anthropogenic light sources
hatchlings move from away from the dark silhouetted shoreline towards the
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brighter ocean horizon. Changes to the lighting regime can affect a hatchling’s
attempts to find water. Lights at a nesting beach can result in turtle hatchlings
heading inland rather than into the ocean, with subsequent mortality. In areas
where man-made light sources are highly visible, emerging hatchlings have

been documented to become disoriented (loss of bearings) and misoriented
(incorrect orientation) thus travel inland rather than seaward. The disorientation
or misorientation can prove to be fatal due to increased exposure to predators,
entrapment in vegetation or debris and dehydration. Similarly, nesting turtles
can become mis- and disoriented once they have nested and are sensitive to
disturbances i.e. human presence, noise produced through construction activities
could lead to an increase in non-nesting emergences.

Adult female turtles appear to be pre-conditioned to emerge on darker, more
protected beaches than those in front of major urban and industrial areas. It is
likely this is an evolutionary response whereby those eggs deposited on darker,
more protected beaches have a higher likelihood of developing into hatchlings that
successfully find the ocean, and migrate offshore. Once hatchlings enter the surf
line they begin a general offshore migration during which they face a number of
additional obstacles, such as currents, waves and predators. A hatchling’s ability
to move offshore quickly greatly increases its chances of survival, as predation
rate decreases with depth and distance from land. Thus, a female’s preponderance
to nest on beaches free of light pollution are likely evolutionary responses to
selectivity for light attenuation.

Brightness in this context encompasses both wavelength and intensity. Marine
turtles do not perceive light in the same way that we humans do. Generally, they
respond to short wavelength light (blue/green) including wavelengths that we
cannot see (ultraviolet light) but only weakly respond to light that humans see well
(red light). The exact details of the response of hatchlings to light regime differs
between species. For example, the flatback turtle responds much more strongly to
longer wavelength light (red light) than the other species which may be a result of
the reduced light penetration in inshore habitats where this species resides.

For each marine turtle species there are several distinct populations based on
genetic distinctness, and these are variously referred to as management units,
stocks, ecologically significant units, or regional management units. Both species
of turtles nesting in the Gulf are known to be genetically distinct from their
cousins outside of the Gulf. There is limited gene flow between nesting areas, and
replenishment of a population is negligible or extremely slow given the lack of
movement of turtles amongst management units. That is, if hawksbill turtles were
to be extirpated from Gulf waters, there would be little or no replenishment form
outside populations.
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1.2 ECOLOGICAL ROLE

Sea turtles play valuable ecological roles in marine ecosystems as consumers and
prey among other roles, and they are indirectly linked to seabed and fisheries
stability. They function as key individuals in a number of habitats, and can be
indicator species of the relative health of habitats that have a tangible value to
society. These habitats support commercial fish and invertebrates (found in
seagrass beds, open oceans and coral reefs, among others) that are valued by
mankind. For example, green turtles crop seagrasses and maintain the health of
these important habitats. Seagrass beds can also be developmental grounds for
shrimp and other larvae, which are the building blocks of economically-valuable
shrimp and fin-fisheries industries. Today, turtles also have non-consumptive uses
such as tourism, education and research.

1.3 HAWKSBILL BIOGEOGRAPHY

While hawksbill turtles are globally distributed, they typically occupy a relatively
narrow water temperature range common to their principal habitat in the tropics,
where surface water temperatures typically range from 22 to 30°C and remain
relatively constant throughout the year. While the latitudinal limits of hawksbill
habitats frequently fall below the lower thermal range - for example in the Indian
Ocean off Oman temperatures can drop to 20-22°C when subjected to oceanic
upwellings (Ross 1981) - they rarely exceed the upper thermal range for extended
periods. Apart from Torres Straits (Whiting 2000) where shallow tidal areas can
reach 32°C, no other hawksbill habitat in the world experiences the months-long
extreme high SSTs of the Gulf.

This brief look at temperature ranges is important because hawksbill turtles

are ectotherms - that is they are cold-blooded - and as with all sea turtles,

broadly regulate internal body temperatures through behavioural responses to
temperature shifts. The ability for turtles to respond to temperature shifts may
become even more relevant in the face of rising global temperatures. There is a
substantial body of work which outlines the potential impacts of climate change
on turtles (Hamann et al. 2007, Hawkes et al. 2007, Witt et al. 2010, Fuentes et al
2013, Pike 2013) which documents the negative influences of changes in climate
regimes on habitat availability and nesting success, nesting timing and periodicity,
incubation success, gender ratios and hatchling fitness, among others. Given the
slow water circulation in the Gulf and high ambient air and water temperatures,
which exceed that found in other hawksbill turtle habitats throughout their range,
this marine habitat could be likened to a living laboratory for how turtles might
behave in the face of climate change and rising temperatures linked to climate
change elsewhere on the planet.

1.4 THREATS

Being long-lived and of late maturation, sea turtles face a multitude of threats over
long periods of time. These threats include mortality in mechanised and artisanal
fisheries, egg and turtle consumption, and habitat degradation and loss. And while
sea turtles are evolutionarily prepared to suffer high mortality rates in the early
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life stages (lots of eggs and young hatchlings become food for other species), their
large adults have a substantially high reproductive and population maintenance
value, and losing this population segment could spell disaster for a population.
That is, the loss of a small proportion of eggs or hatchlings may be compensated
by their demography, but the loss of older animals can have substantial negative
effects on population size, because fewer animals are available to reproduce and
maintain the stock size. Compounding this, because turtles comprise distinct
genetic stocks (or management units) which precludes substantial interaction of
stocks and restricts gene flow, if a turtle stock declines in one place, there is little
likelihood it will be replaced by turtles from another stock nearby. In practice this
means that turtle populations that have been decimated are not about to rebound
through massive immigration from outside populations. To complicate matters,
hatchlings disperse into open ocean areas, adult turtles migrate great distances
between foraging and nesting habitats, and juveniles and adults can occupy
multiple foraging grounds at different stages of their life cycle, making sea turtle
conservation a truly international process.

Hawksbill sea turtles are Critically Endangered globally and are threatened

with extinction, having been heavily over-harvested by mankind throughout
their range. Globally, sea turtles have provided food at a subsistence level to
fishermen and coastal dwellers since time immemorial. Turtles have also been
used traditionally for their shell, fat and meat, and their eggs have fed hungry
families dependent on the bounty of the sea. But with increased coastal use and
industrialisation, and the advent of outboard motors, refrigeration and rapid
transport to major urban areas, the loss of turtles and their eggs has reached a
level from which populations are struggling to recover. Turtle eggs, which used to
be collected on an occasional, irregular basis, are now collected nearly every single
time a nesting female emerges on the beach. The increased development of the
petrochemical industries has also resulted in severe habitat loss and alteration,
and measures are urgently needed to safeguard the few remaining sites.

1.5 CONSERVATION & MANAGEMENT

Conservation programmes in the region race to stem the tide of decline and
re-establish viable nesting and feeding populations of these magnificent ancient
mariners of our seas. Nesting beaches are protected in most countries, and laws
have been enacted and enforced in several locations which protect turtles and their
products. Education and awareness programmes are spreading across the region,
and today a few previously-declining turtle populations are again on the rise. But
knowing about nesting turtles is simply not enough. Understanding the location
of critical turtle habitats and the times turtles spend at these is essential for the
design of effective and efficient conservation programmes. These data are needed
to inform management agencies and conservation practices in a region home to
one of the most climate-challenged marine habitats on the planet, subject also to
immense urban expansion, shipping and petrochemical industry pressures, and
which supports large nesting and foraging populations or endangered sea turtles.

Marine Turtle Conservation Project Final Scientific Report 19



20

1.6 OCEANOGRAPHIC SETTING

The region described in this study comprises the Gulf, a shallow sea of the Indian
Ocean to the north of the Arabian Peninsula (hereafter referred to as ‘the Gulf’),
the Gulf of Oman and Arabian Sea.

1.6a The Gulf

The Gulf is a unique environment which undergoes extreme water and air
temperature fluctuations. The sea water circulation pattern is slow and counter-
clockwise, with waters entering the Gulf and moving up the coast of Iran, then
down the coasts of Kuwait, Saudi Arabia and Qatar, and eastward along shallow
waters of the United Arab Emirates (Figure 2). Surface water temperatures range
from a minimum of 16°C during winter months to a maximum of 37°C in the
summer, and air temperatures range from 0°C in winter months to greater than
50°C in the summer.

Given these temperature extremes, turtles nest during a short summer period
(April through July). Beaches are unvegetated and provide no shade relief for
incubating eggs. Given that gender determination in sea turtles is controlled by
temperature, a balance of males and females is produced through the temporal
spread in nest deposition. That is, nests deposited early in the season when
temperatures are cooler likely produce more males, and nests laid later in

the season and which incubate in July and August likely produce most of the
females. Limited experiments in the region so far indicate that eggs deposited in
April incubate at about 24.5°C while nests deposited in May might experience
incubation temperatures reaching 33.5°C (SCENR 2006). Air and surface sea
water temperatures are at or above the known tolerance extremes of all species
of marine turtle (Miller 1997) and above the normal range for hawksbill habitats
globally, yet Arabian hawksbill populations appear to thrive.

1.6b Gulf of Oman & Arabian Sea

Outside of the Gulf, the study region spans the Gulf of Oman and the northwestern
potion of the Arabian Sea. The Gulf of Oman is a semi-enclosed basin where the
depth ranges from ~100 m to ~3000 m, and connects the Arabian Sea with the
Strait of Hormuz, which then runs northwards into to the Gulf. The Oman Gulf

is mostly influenced by monsoon winds - winter monsoon winds blow to the
Southwest from December to April - experiencing high evaporation rates, along
with high surface sea temperatures and salinity.

Water circulation in the Arabian Sea is also strongly influenced by the monsoon
winds and intense air-sea heat fluxes. During the summer monsoon, upwelling
occurs on the Southern coast of Oman, near Ras al Madrakah - Ras As Sharbatat,
bringing cooler waters and increasing coastal productivity (Figure 2). Water
temperatures vary from 20 to 37°C in the Gulf of Oman, and from 17 to 37°C in the
northern Arabian Sea. The rich productivity of the northwest Indian Ocean linked
to the monsoonal upwellings results in substantially different environmental
conditions for hawksbills, which live in nutrient-rich waters and grow to be
substantially larger than their counterparts which live amongst the temperature-
challenged environments of the Gulf.
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Figure 2: Generalised ocean
circulation pattern for the Arabian
region. Black arrows represent
generic Gulf water movements.
Yellow arrows depict winter
monsoon flows while orange
arrows represent the summer
monsoon.

1.7 LOCAL CONSERVATION STATUS OF MARINE
TURTLES

The Arabian region supports relatively unknown but substantial sea turtle
populations, with greens and hawksbills found to be most abundant within the
Gulf and loggerheads and greens dominating the Gulf of Oman and Arabian Sea.
While the scientific community remains largely unaware of what the region holds,
limited scientific publications reveal populations in each country.

Saudi Arabia is found to host a large annual green turtle population of about
1000 nesting females on Karan and Jana Islands (Al-Merghani et al. 2000, Miller
1989, Pilcher 1999). Greens also nest in small numbers on some Kuwaiti islands
(Meakins & Al-Mohanna 2004) and along the Iranian coast within and without
the Gulf (Mobaraki 2004a, 2004b). The UAE and Qatar are home to numbers of
foraging green turtles although no significant nesting populations (Al Suweidi et
al., 2012; Rees et al., 2013). Oman plays host to the largest green turtle rookery in
the region of around 5000 females/year nests at Ras al Hadd — Ras Al Jinz (Ross
& Barwani 1982).

Hawksbills nest at five key sites in Qatar, with the two most studied including
Fuwairit and Ras Laffan City (Tayab & Quinton 2002, SCENR 2006) and in the
United Arab Emirates they have been found to nest on numerous small islands
(EAD 2007; Pilcher et al., 2014). Hawksbills also nest at several key sites along the
coast of Iran, likely numbering several thousand nesting females/year (Mobaraki,
2004). Outside of the Gulf, hawksbills also nest at the Daymaniyat islands (Salm
et al., 1993) and on Masirah Island in Oman (Ross 1981, Ross & Barwani 1982).

Masirah Island supports a large loggerhead rookery too, once believed to support
tens of thousands of nesting females (Ross & Barwani 1982, MECA unpublished
data). Loggerhead turtles are infrequent visitors inside the Gulf proper — although
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they have been recorded entering the Gulf via satellite tracking studies - and are
not known to nest at any of the known Gulf rookeries.

Olive ridley turtles are also known to nest on Masirah Island in low numbers
(Rees & Baker, 2006) as well as in a few locations along the southern coast of Iran
(Mobaraki, 2004a). Leatherback turtles are only considered infrequent visitors to
the region.

Figure 3: Hawksbill turtle (Eretmochelys imbricata) nesting in Qatar.

This project tracked hawksbill turtles (Figure 3) from nesting sites in the Arabian
region to elucidate post-nesting migration behaviour.

However, while much is known of nesting turtles, practically nothing — until now
— was known of where these turtles spend their time at sea. Whether Gulf turtles
leave the Gulf, or if there is a substantial movement of turtles through the Straits
of Hormuz, even where they spend their time when not in the vicinity of nesting
beaches; the picture is not clear. Filling in these knowledge gaps is crucial to

ensure turtle survival in the region, because turtles spend most of their time at sea.

Conservation of turtles requires protection not only at nesting grounds but also at
their foraging and development grounds, and this project was designed to answer
the lack of information on foraging areas and to identify Important Turtle Areas
(ITAs) in order to focus conservation-related management interventions.

1.8 PROJECT RATIONALE

Given these biological characteristics and the myriad threats they face,
conservation of sea turtles is a massive challenge. The challenge lies in balancing
developmental needs with conservation requirements, and a grounded knowledge
of the biology and habitat requirements of the species is considered a prerequisite
for sound decision-making by developers and policy-makers. Conserving sea
turtles requires knowing about population trends, threats, and overlaps between
threats and turtle habitats. Nesting populations in the region have, for the most
part, been well documented and are periodically monitored by government
agencies and NGOs. Less well-understood however is the location of foraging
grounds and dispersal patterns / behaviour of turtles that use these nesting sites.
Recent work in Oman tracking loggerhead and olive ridley turtles (Rees et al
2008, 2010) has documented some use of the Oman Sea and Indian Ocean as
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foraging habitat, with animals rarely moving far offshore. Recaptures of a handful
of green turtles tagged in Oman and in Saudi Arabia have been documented at
feeding grounds off Ras Al Khaimabh, at the eastern tip of the UAE (EAD 2007),
and a handful of tag returns are known of loggerheads and greens from Masirah
island in Oman reaching Yemen and Eritrea. Around 10% of satellite tracked
loggerheads from Masirah migrated into the Gulf and their tracks invariably
ended around north Qatar / Bahrain (MECA, unpublished data). But until this
study, nothing was known of hawksbill habitat other than the location of nesting
sites and inferences drawn from the location of coral reef habitats, a reasonable
assumption given their spongivorous diet — hawksbills subsist primarily on a diet
of glass. (Meylan 1988).

While much is known of Arabian region nesting turtles, and substantial
investment has been made to safeguard important nesting areas (e.g. in Oman,
Qatar and in Iran most sites are protected as National Parks or Reserves, or by
proxy by being located within restricted access areas), little has been done to
address the ocean habitats, where turtles spend the vast majority of their time.
To develop effective and efficient targeted conservation programmes which will
protect turtles in the marine environment, it is necessary to determine habitat use
patterns and turtle behaviour once they depart from their nesting beaches, and
make this information available to management and conservation agencies. This
project aimed to address the lack of information on foraging areas and to identify
Important Turtle Areas (ITAs), and focus conservation-related management
interventions to ensure long-term sea turtle survival.

1.9 PROJECT PARTNERS

This project was initiated as a partnership between the Emirates Wildlife Society
— Worldwide Fund for Nature (EWS-WWF) based in the UAE, and the Marine
Research Foundation (MRF) based in Malaysia.

EWS-WWF assumed full responsibility for project financing,
logistics,communications and overall project coordination, while MRF contributed
the scientific expertise. EWS-WWF and MRF worked with numerous partners in
the region to ensure the widest possible collaboration and participation, sharing
of knowledge and skills, and use of the best available science and local knowledge.
In each country, the project worked collaboratively with government agencies and
NGOs to deliver on key objectives. The partners in each of the countries were:

Iran
« Wildlife and Aquatic Affairs Bureau of the Department of Environment
Oman
 Ministry of Environment and Climate Affairs
« Environment Society of Oman
Qatar
 Ministry of Environment
« Ras Laffan Industrial City
« Qatar University
UAE
« Environment Agency - Abu Dhabi
« Emirates Marine Environmental Group
« Environment & Protected Areas Authority, Sharjah
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The strengths brought to the project via the government linkages can not be
overstated: these agencies provided the legal framework within which to operate,
and are the agencies to implement conclusions and recommendations emerging
from this work. External non-government institutions provided logistical support,
access to remote field sites, local expertise, and all forms of in-kind assistance.

1.10 PROJECT SCOPE & OBJECTIVES

Overall, this project aimed to understand the biological and developmental needs
of hawksbill turtle populations, which are heavily dependant on the understanding
of the extent of habitat use and distribution. The project also aimed to raise
awareness to their plight. As stated in the original project proposal:

“The goal of the project is to implement a comprehensive awareness and research
programme using the latest in technology and science - satellite tracking - to
promote conservation of marine turtles of the region. The project will involve
numerous stakeholders, and will combine scientific research and monitoring

with environment awareness centred on marine turtle protection to bring about
regional change — a positive change resulting in long-term conservation of marine
turtles.”

To accomplish this, the project aimed to track seventy five post nesting female
hawksbill turtles from various sites in the Arabian region and elucidate port-
nesting behaviour and habitat use. The tracks would provide data on turtle
movements while the publicity surrounding the project would raise regional
awareness of the importance of sea turtles in marine ecosystems. The original
project design entailed tracking 25 turtles per year during 2010, 2011 and 2012.
By spreading the effort out over several years we are better able to determine
differences in behaviour with differences in climatic conditions, release sites,

and other environmental factors. Average data sets were longer than one year
and several units were still operating in February 2014! We report on these data
sets, combined with an additional ten tracks from 2011 and 2012 provided by
collaborators at Qatar University, two additional data sets from 1999 provided by
the Environment Agency of Abu Dhabi, and an additional two data sets from 2007
and one from 2011 shared by the Environment Society of Oman and the Ministry
of Environment and Climate Affairs in Oman.

© EWS-WWF
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2.1 PROJECT LOCATIONS

To maximise data on post-nesting behaviour we deployed PTTs as early as possible
in the nesting season at various nesting locations spread across the region (Figure
4). These sites (Table I) were selected based on previous published literature to
allow for differing migration patterns and to determine if turtles from different
nesting sites used the same or differing feeding sites.

NAKHILOO IR AN
SHEEDVAR
FUWAIRIT
o RASLAFFAN
QATAR - SIRBU NAIR
e T GHANTOOT
DAMANIYAT
ARNAYN A
WA | UNITED ARAB EMIRATES
OMAN
km
0 100 200 o MASIRAH
Figure 4: Rookeries from which transmitters were deployed between
2010 and 2012.
Table I: Summary of PTT deployment dates and locations, including those of project partners.
Country Location Latitude Longitude 1999 2007 2010 2011 2012
Sheedvar 26.794 53.420 5
Iran .
Nakhiloo 27.830 51.474 5
Masirah 20.182 58.663 4 6
Oman
Daymaniyat 23.858 58.109 2 5 3 5
Fuwairit 26.031 51.375 3 8 9
Qatar
Ras Laffan 25.952 51.506 2 2 2
Ghantoot 24.920 54.910 1 2
Sir Bu Nair 25.211 54.237 4 3 6
UAE
Qarnayn 24.937 52.870 2 4
Zirqu 24.874 53.064 6
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2.2 TRAVEL & LOGISTICS

Given turtles nest multiple times in a season on roughly two-week intervals,

the project also aimed to collect data on where turtles were distributed and

the duration of the internesting periods. The project deployed PTTs as early as
possible in the nesting season at each location, based on previous published
literature (Pilcher 1999, EAD 2007, SCENR 2006). The ensuing tracks were then
visually analysed and all points prior to the departure from the nesting site in a
purposeful manner towards the feeding grounds were categorised as internesting
(the period post-deployment until departure from the nesting site). Each
approximate two-week block during of internesting behaviour was considered

a subsequent nesting event based on known internesting interval for Gulf
hawksbills. This permitted a rough extrapolation of the average number of nests
per turtle per season at each rookery.

The logistics of having a field team at each rookery as close to the start of the
season as possible across four countries proved a formidable challenge. In April
turtles started nesting in Iran and at the Daymaniyat islands in Oman. By May
turtles had started nesting on the islands spread across the UAE and by mid-May
to early-June nesting had commenced in Qatar and at Masirah. The temporal
spread in commencement of nesting meant the project team moved quickly from
one country to another, and often had to split up and be in two countries at once
to encounter the earliest nesters. Timing for each field trip was carefully planned
in consultation with local partners, who provided local logistical support and
permits.

2.3 SATELLITE TRANSMITTER DEPLOYMENT

At night the project team patrolled the nesting beaches in search of nesting turtles.
Preference was given to turtles which had already laid eggs, but given timing
constraints, the need to deploy the transmitters early in the season, and travel
logistics, the team often had to select turtles which had yet to lay eggs. Where
multiple turtles were available, those to be tagged were selected at random.

2.3a Turtle Restraint

Following nesting, turtles were restrained in custom-
designed stainless steel boxes (Figure 3). The boxes
were designed as lightweight, stainless steel low-cost
collapsible restraints to address the needs of a multi-
country project that required frequent movement of gear
- - and tagging supplies by commercial air travel. When
% the turtles were restrained, their curved carapace length

(CCL) was measured over the curve of the carapace along
the midline from the anterior point of the nuchal scute

° | (the one behind the neck) to the posterior tip of the
i g supracaudal scutes (the two tail scutes which form a small

"= Vnotch at the rear of the carapace).

Figure 5: Two of the collapsible metal restraint boxes used to

temporarily hold the turtles.
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2.3b Transmitter Model

Turtles were tracked with Kiwisat 101 satellite transmitters called Platform
Terminal Transponders (PTTs) made by Sirtrack Ltd., programmed for a duty
cycle of 8 hours on / 16 hours off and synchronised to operate during daylight
hours. The shorter operating time meant that the transmitter battery life was
extended substantially, with little compromise on the volume of data received. In
addition to the duty cycle programme, saltwater switches restricted transmission
only to periods when the unit was at the surface to further extend battery life. The
transmitters had stainless steel contacts at the front and at the rear of the units.
When the turtle was submerged, a connection was made via the salt water across
the terminals which turned the unit off. As the turtle surfaced, contact was broken
and the transmitter — provided it was at the correct duty cycle — turned itself on
and sent a signal to an orbiting satellite.

2.3c Satellite Transmitter Attachment Protocols

PTTs were attached using a modified version of the Balazs et al. (1996) fibreglass
and resin attachment. The attachment zone was sanded with rough sand paper
to make it abrasive, and then cleaned with alcohol and a cloth several times. A
surgical-grade elastomer rubber-like compound was used as a base between the
PTT and the turtle, as the PTT was flat and the turtle shell was rounded. The PTT
was then affixed to the centre line of the carapace slightly overlapping the front-
most scute. Three layers of glass cloth were then used to hold the PTT in place
using fibreglass resin (Figure 6). All layers were allowed to dry until completely
solid and smooth (often this required an overnight wait) and then temporary
covers to the salt-water switches were removed. The final third fibreglass layer
was modified slightly to consist of two long (~35 cm) thin (~3 cm) strips affixed
diagonally across the PTT from front left to rear right, and front right to rear left.
This maximised the number of scutes to which the PTT was attached.

Figure 6: PTT being affixed on top of the turtle carapace using fibreglass cloth and resin.
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Figure 7: Graphical representation
of location data and probable
movement of a turtle.

2.3d Turtle Release

Once the PTTs were securely affixed to the turtles, the turtles were tagged with
either a titanium tag (Stockbrands Ltd, Australia; in Oman and Qatar) or Monel
tag (National Band & Tag Co., USA; in Iran and UAE), and a single use 3 mm
biopsy punch or sterile razor blade was used to take tissue sample for genetic
analysis. Following this the metal boxes were removed and the turtles were
allowed to crawl back down the beach to the sea with no interference.

2.3e Data Acquisition & Processing

Satellite signals were sourced from Argos with Kalman filtering (www.argos-
system.com) and automatically downloaded by the Satellite Tracking and Analysis
Tool (Coyne & Godley 2005). When the turtles surface, the transmitters send a
signal to an orbiting satellite, which processes the data and relays the information
to the project daily. These polar-orbiting satellites constantly circle the planet,
and are not always ‘visible’ from a given spot on earth. If a turtle breathes at the
surface for five to six seconds as the satellite passes overhead this results in a high
quality signal. But if the satellite is emerging over the horizon when the turtle is on
the surface, the angle of incidence is low and the accuracy of the data decreases.
Similarly, if the turtle dives when a satellite comes overhead or surfaces as one

is departing, the contact is insufficient for an accurate fix. Location quality fixes
provided by the Argos service are classified as location fix qualities 4, 3, 2, 1, 0,

A, B, and Z. These location quality differences are interpreted as follows: Class 3
location signals are the most accurate, whereby the location fix sits at the centre of
a potential location circle less than 150 m in diameter, an area slightly bigger than
three average football pitches. That is, the turtle could be anywhere inside that
circle and the location marker is merely the mathematical centre — not necessarily
the turtle’s location. Class 2 location signals have an accuracy around 350 m (i.e.
the turtle could be anywhere inside a circle of 350 m in diameter, or roughly a city
block). Locations become less and less accurate along the scale goes, to about
1000 m for a Class o location. Class Z signals are ignored completely. However,
when location fixes in a row depict a fairly straight line from one place to another,
there is a good chance this is what the turtle was doing. So while mathematical
accuracy is based on areas (of accuracy circles), the turtle’s relative movements are
those of the circles themselves (Figure 7).
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2.4 DATA ANALYSIS & FILTERING

All location fix data was filtered to exclude locations over land, and then further
filtered for location fix qualities 3, 2, 1, 0, A, and B, with a speed of < 5 km/h
between fixes (Hays et al. 2001). The A and B data were included due to the

low latitude which limits the number of locations due to fewer Argos passes. To
eliminate behavioural bias, only one fix per turtle per day was selected, choosing
the highest quality fix. Where more than one signal of equal high quality was
available, the point closest to midday was used (Zbinden et al. 2008). The data
were further filtered for implausible data such as landlocked fixes, and positions
thousands of kilometres from the previous fix.

In order to calculate total distance covered by each turtle during each activity,
minimum distances were calculated assuming straight-line movements between
the location fixes sets using the spherical law of cosines (Sinnott 1984) which
accounts for the radius and the (near) spherical shape of the planet. That is, a
straight line over the curve of the planet was calculated between each location
fix. The minimum distance travelled was calculated assuming straight-line
movements, and where tracks crossed landmasses the shortest route around

the land mass was extrapolated using straight sectors. Average swim speeds per
activity were determined by dividing total displacement by the time interval
between start and end points for each activity. Data were tested for normalcy and
analysed using Analyse-it 2.04. Circular data analysed using Oriana 4.02 following
methods described by Zar (1984).

2.4a Life Stages (States)

Given the changes in turtle behaviour with time, location fixes were split into
several categories depending on turtle activity, or States, as follows:

Internesting

The turtle tracks were visually analysed and all points prior to the departure point
from the nesting site were categorised as internesting (the period post-deployment
until departure from the nesting site). Within these data sets, each approximate
two-week block during of internesting behaviour was considered a subsequent
nesting event based on known internesting interval for Gulf hawksbills.

Migration

Location fixes subsequent to the commencement of foraging were categorised
as migration fixes (direct purposeful travel from the nesting site with minimal
deviation from a straight path).

Foraging

Foraging activity was inferred by a reduction in travel rates and a shift from
purposeful migration direction and unidirectional orientation to short distance
movements with random heading changes (Foley et al. 2013).

Summer Migration

Purposeful northeast movements into the middle of the Gulf from July-August,
followed by returns in September-October were categorised as summer migration
loops.

Thus the four States into which turtle behaviour was categorised were
Internesting, Migrating, Foraging and Summer Loops.
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2.4b GIS Mapping & Home Range Density Analysis

In its simplest form, “home range analysis” involves the delineation of the

area in which an animal conducts its “normal” activities. Given the accuracy of
location fixes whereby these might differ slightly from actual turtle location, and
occasional short departures from normal foraging grounds, not every point that
was visited, nor the entire area used by each turtle during the tracking period, was
representative of the most important areas for each turtle. Instead, the project
focussed on Home Ranges, which can be likened to “areas traversed by a turtle

in its normal foraging, exploratory, and development activities”. Occasional
forays outside of these areas, perhaps exploratory in nature or as flee reactions

to predators, were not considered as part of the home ranges. The project also
focussed on Core Areas for each turtle, defined as “those areas where turtles spent
over half of their time”.

This study employed a Kernel Density Analysis process to determine Important
Turtle Areas (ITAs). Kernel density analysis is a nonparametric statistical method
for estimating probability densities from a set of points (in this case the location
fixes for each turtle). In the context of home range analysis, these analyses
describe the probability of finding an animal in any one place.

The method begins by centring a bivariate probability density function with

unit volume (i.e., the “kernel”) over each recorded point. A regular grid is then
superimposed on the data and a probability density estimate is calculated at

each grid intersection by summing the overlapping volumes of the kernels. A
bivariate kernel probability density is then calculated over the entire grid using
the probability density estimates at each grid intersection. Finally, home range
estimates are derived by drawing contour lines at different probability levels
based on the summed volumes of the kernels at grid intersections. In this study
home ranges were classified as areas where turtles were likely to spend 95% of
their time, while core areas were calculated as those where turtles were likely to
spend 50% of the time (Worton, 1989, Reese et al. 2012) for each turtle. When
home ranges are combined with information about habitat type and condition, it
is possible to estimate resources available to individual turtles in each population.
These types of analysis result in a demarcation of important areas for turtles which
can then be made available to conservation managers.

2.4c Secondary Data Analysis

Physical and biological environmental data used to describe the marine
environment at the foraging grounds and during summer migration loops
included sea surface temperature (SST), sea surface height (SSH) and geostrophic
currents, along with surface Chlorophyll a density. These data were used to
determine which oceanic parameters might be responsible for changes in
behavioural state.
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2.4d Sea Surface Temperature

Sea-surface temperature data comprised 9- km pixel (0.1 degree/pixel) resolution
standard-mapped (Level-3) weekly composites between 2010 to mid-2013 via
the NOAA OceanWatch - Central Pacific (OWCP) data portal (http://oceanwatch.
pifsc.noaa.gov). This consecutive SST data was generated through the averaging
of 3-hour global swath (Level-2) granules provided by NOAA NESDIS containing
merged global polar orbiter satellite data (AVHRR-GAC and Metop-1/2). The
data were then arranged in a time-series grid by 0.1 degree latitude x longitude
intervals. The corresponding temperature data points were extracted from this
grid relative to each turtles’ position in space (spatially interpolated between grid
points reflecting the resolution of environmental variables) and time, following
which the relationships between these variables and the turtle location fixes and
behavioural state were investigated, along with timing of behavioural shifts to
explain the behavioural responses.

2.4e Localised Currents

The project also investigated the relationship of sea surface height (SSH) and

the currents created by the pressure differentials between varying heights

(where currents flow from high pressure areas to low pressure areas), along with
Chlorophyll levels, which are a measure of ocean surface productivity, with turtle
activity patterns to determine potential impacts on turtle behaviour. Weekly
gridded 1/40 geospatial resolution sea-surface height data consisting of merged
AVISO (http://www.aviso.oceanobs.com) multi-sensor sea-level anomaly data
(Ssalto/Duacs gridded sea level data) were used to investigate relationships with
sea surface height. These were combined with a sea-surface height climatology
(Niiler et al. 2003) and derived geostrophic (current) velocities, along with weekly
MODIS AQUA Ocean Colour with a geospatial spatial resolution of 0.010 latitude
and longitude as a measure of Chlorophyll-a concentration

2.4f Habitat Bathymetry

Coarse bathymetry data sets were obtained from the U.S. Naval Oceanographic
Office (NAVOCEANO). The Digital Bathymetric Data Base Variable resolution
(DBDBV) is a digital bathymetric data base that provides ocean depths at various
gridded resolutions. DBDBV was developed by NAVOCEANO to support the
generation of bathymetric chart products, and to provide bathymetric data to

be integrated with other geophysical and environmental parameters for ocean
modelling. Grid resolutions used in this project were accurate to 2 minutes of
latitude/longitude (1 minute of latitude = 1 nautical mile or 1.852 km). Fine scale
bathymetry was obtained using a Garmin GPSMap 72 GPS unit pre-loaded with
Garmin BlueChart g2 chart 2AWo005R.

© Oliver J. Kerr /| EWS-WWF
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3.1 PROCESS RELIABILITY AND EFFECTIVENESS

Telemetry studies of sea turtles have increased by several orders of magnitude in
the last two decades, and satellite tracking of sea turtles has progressed from a
handful of turtles in 1982 to over 4,000 in 2006 (Godley et al. 2007). The number
of tracked turtles has continued to increase since then, with decreasing costs and
expansion of research programs across the planet. This is extremely relevant to
conservation given the importance that this kind of spatial information provides to
management authorities and conservation practitioners (Godley et al. 2007). This
project made use of this latest technology to determine post nesting migrations

of hawksbill turtles in the Arabian region, using the data to identify conservation
bottlenecks and important turtle areas (ITAs) for conservation. Individual
graphics for each turtle are presented in Annex A.

Key concerns with deployment of tracking packages on wildlife include retention
rates, drag and interference with normal activities including mating, swimming
and feeding, along with accuracy of location fix data. Unfortunately, given the one-
way source of information provided by the PTTs, it is not possible to determine
the basis for transmitter failure, although some of the diagnostic data sent by the
transmitter assists in identifying (or dismissing) potential causes. For instance,
turtle 105836 sent exclusively high-class signals after 28 April 2011, typically
with over 10 messages per pass and long pass durations, and the signal strength
was high. Coupled with PTT-relayed water temperatures of 43-46° these findings
suggest that the turtle may have been captured lost early in the project. Turtle
105838 relayed adequate battery drain levels, normal temperatures (around 27°),
and strong signal strength with numerous Class A & B locations - typical data for
Arabian region sea turtles. However, signals were lost on 21 June 2011 and not
reacquired. Similarly, data for 105840 was normal, and yet signals were lost after
03 June 2011. The tag was dry for some hours on 19 May (possibly emerging to lay
eggs, as the gap between the dry event and her earlier spanned two weeks, that of
a normal internesting period); battery current drain was normal, signal strength
and temperature were normal. Several scenarios could account for the signal

loss including vessel collision, capture in fisheries, predator attacks and sudden
transmitter failure. However, insofar as the turtles were in apparent good health
and active prior to signal loss, there are similarly no indications of any sudden ill-
fate to the turtles.

Notwithstanding instances such as these, the average duration of the PTT signals
in excess of manufacturer indications suggest the attachment techniques used in
this project were sound and reliable. Similarly, the renesting events recorded by
the project (and witnessed several times by rangers at several locations) suggest
the transmitters did not interfere with nesting activities following deployment.
The long periods recorded for practically all turtles at their foraging grounds,
including temporary emigration due to summer warming events and returns to the
foraging grounds, further support this notion.

Variations in transmitter longevity are more easily explained through two key
variables: (a) Limited and varying energy supplies in the batteries; and (b)

varying turtle behaviour and time spent at the surface. Not all batteries perform
identically, and not all turtles behave the same way, and therein lies the variability.
While technology improves daily and the unit manufacturers include circuitry

to minimise battery drain, variability in battery manufacture and performance
results in some batteries depleting faster than others. At the same time, not all
turtles behave the same way, particularly as behaviour relates to spending time
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on the surface. The transmitters contain a salt water switch which allows the units
to transmit only when the turtle is at the surface, thus if one turtle spends more
time at the surface than another, the PTT will transmit for longer and deplete the
battery faster.

3.2 TRACKING DATA LONGEVITY

PTT signal life recoded by this project ranged from 11 to 1125 days with an average
of 320.4 days (SD=200.26 days). Of the 90 units tracked by this study, five were
still active in February 2014, some 12 months after the end of the main tracking
period. Only 16 units (~20%) transmitted for less than 50 days, while 20 units
(~30%) transmitted for longer than 500 days. A and B quality location fixes
accounted for 87.8% of all signals received. From project inception up to the cutoff
date in August 2013 (for inclusion of data into the final analysis), the project was
able to reliably use 20,485 data points filtered from a total of 92,789 location fixes
received (22%).

3.3 TURTLE MORPHOMETRICS

There was a significant difference (t=11.82, p<0.0001) in curved carapace length
between turtles in the restricted waters of the Gulf and those from Oman, which
fronts the Indian Ocean. Turtles in the Gulf averaged 70.3 cm in curved carapace
length (SD=3.37, range 65.0-78.5 cm), and were among the smallest on average
across global adult size ranges, while turtles from Oman were over ten cm longer,
averaging 81.4 cm in CCL (SD=3.36, range 75.0-89.5 cm). The smaller sizes of
turtles in the Gulf are consistent with earlier findings and likely linked to extreme
temperature fluctuations and food availability (Pilcher 1999).

3.4 RE-NESTING INTERVALS & OCCURRENCE

Sea turtles typically deposit multiple clutches per season (Van Buskirk & Crowder
1994). These may be spread over long drawn-out periods or compressed into short
seasons when weather conditions are optimal (Miller 1997). In the Arabian region
hawksbill turtles deposit multiple clutches and nest during short summer season,
typically between April/May and July. However, given the short nature of many
monitoring programmes, it is unknown what the total reproductive potential of
the species comprises in the Arabian region.

Only saturation survey projects are able to determine the total number of nests
per female turtle, when tagged individuals are recaptured at subsequent nesting
events. To overcome the lack of saturation monitoring programmes, the project
calculated the number of two-week intervals after deployment of the PTTs and
prior to the commencement of migrations to determine a possible range of nesting
frequencies. While not a precise, this parameter does provide an indication of
subsequent nesting activity and reproductive capacity for hawksbill turtles in the
Arabian region, which to date has been little studied.
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Given the physical differences between turtles in the Gulf and those from Oman,
data from each location were considered separately. There was no significant
difference in nesting activity by turtles from the Daymaniyat islands or Masirah
(ANOVA F=0.77, p=0.386), and these data were then grouped for further analysis
to provide a composite figure for Oman. The average subsequent nesting period
(post-deployment and prior to migration) for turtles in the Gulf was 20.1 days
(SD=14.84, range 0-76 days) representing an average of 1.4 nesting cycles with a
possible range o to 5 nesting events.

The average nesting period for turtles from Oman 11.1 days (SD=14.48, range
0-45 days) representing an average of 0.9 nesting cycles with a possible range

0 to 3 nesting events. While the nesting periods for turtles in Oman appeared

to be slightly lower than those for the Gulf, these were not statistical different
(Mann Whitney U=547.0, p=0.0105). Six turtles from the Gulf (~8%) had no
subsequent nesting period at all and departed the nesting area immediately after
tag deployment. In contrast ten turtles from Oman (~29%) departed immediately
after PTT deployment.

Overall these results suggest Arabian region hawksbills have the capacity to nest
up to 6 times in a season (the nesting event witnessed by the team and 5 additional
ones), but that on average nesting is likely to be closer to 3 events per season, with
lower nesting activity by a higher proportion of turtles in Oman than in the Gulf.

Data on total reproductive output at a regional level can provide an understanding
of population robustness and would allow managers and conservationists to track
population performance over time. These efforts to determine total potential
reproductive output per turtle were based on deployment of transmitters as early
as possible in the season, and subsequent estimation of time spent at the nesting
grounds prior to purposeful migration to feeding grounds.

Turtles from Oman deposited fewer clutches on average than those in the

Gulf, and based on detention periods in internesting grounds following PTT
deployment, we estimated turtles could potentially deposit up to five additional
clutches (for a total of six), but that the norm was for them to deposit an average
of three clutches per season. These findings are consistent with earlier saturation
tagging in Saudi Arabia (Pilcher 1999, Al-Merghani et al. 2000) and the short
seasons experienced by most nesting sites in the region. The results may be used
as a guide until further evidence-based findings are forthcoming.

3.5 REMIGRATION INTERVALS & OCCURRENCE

At the conclusion of each nesting season, turtles do not (typically) nest in
successive years. Intervals may span from two to >10 years, generally dependent
on food availability (Miller 1997). Tracking periods for turtles during this study
averaged ten months; three turtles were tracked for periods lasting two years, and
only one turtle was tracked for three years. No remigrations were recorded from
any of the turtles tracked during this study, suggesting (albeit with a small sample
size given the average duration of transmissions) that remigration intervals are
typically greater than three years.
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Figure 8: Average Gulf-wide
weekly temperatures across all 9-
km pixel blocks (solid black), with
90%ile (grey) and maximum and
minimum ranges (dotted lines)
between 2010 and mid-2013.
Straight dotted line represents
30°C. Data courtesy of NOAA
NESDIS.

3.6 TEMPERATURE-INDUCED SHORT-TERM
MIGRATIONS

An interesting finding by this project was in the form of a temporary emigration
by turtles from shallow warm waters to deeper and cooler waters during summer
months. This discovery of short-term summer migration loops amongst Arabian
turtles was unique and novel. Sea surface temperatures during the summer
months averaged 33.5°C and peaked at 34.9°C (Figure 6), far higher than places
such as the Caribbean and major ocean basins where temperatures rarely exceed
30°C. During these elongated periods of elevated temperatures (June-August) the
turtles temporarily emigrated to deeper and cooler waters at northern latitudes,
generally returning after 2-3 months (September-October) back to original feeding
grounds.
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Summer migration loops were unique only to turtles residing in the Gulf, thus
data for the 31 turtles were tracked outside of the Gulf where this behavioural
phenomenon was not noted were not included in these analyses. Of the 66
hawksbill turtles that were tracked within the Gulf, only 55 turtles (83.3%) which
had settled in foraging grounds prior to commencing a summer migration loop
were selected to ensure consistency in interpretation of results. Of these, 11 turtles
were tracked over second summer migration loops the following year, for a total
of 66 summer loop events. At the end of the summer loops, 46 (70%) of the turtles
returned to foraging grounds for extended periods, and these foraging periods
were also included in the analysis. In all, we compared event dates, swim speeds,
latitude, latitude shifts, initial bearings against water temperatures, geostrophic
currents and sea surface height, along with Chlorophyll-a, amongst 66 summer
migration loops and 112 foraging periods.

The term summer migration loop was derived from the overall timing of the
behavioural shift and the return to the same or a nearby foraging ground (Figure
7). Return paths did not necessarily retrace the outbound path during the summer
migrations, and were invariably more circuitous than direct to-from journeys.
The earliest summer migration started on June 11 and the latest started on 18
August. The earliest migration loop ended on 28 June while the latest ended on
16 December. Even though there were some late starters, over 75% of migration
loops commenced prior to the end of July and similarly, while there were some
early returns, over 83% of all migrations ended from September onwards.
Overall, migration loops typically started in June or July and were completed by
September or October. Behaviour shifts were generally synchronous irrespective
of country (and rookery) of origin.
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Figure 9: Two typical migration
loop tracks, one from Qatar and
one from the UAE, with lighter
coloured location fixes depicting
the movements away from and
return to the original foraging
grounds. Outbound paths rarely
were retraced during the return
journey, with turtles undertaking
a more circuitous route.
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Summer migration loops were marked by an end in multi-directional movements
and slow swim speeds and the onset of more purposeful, unidirectional headings
and increased swim speeds. There was a significantly higher swim speed during
the summer loop state than in foraging state, with foraging animals averaging 4.6
km/day (SD=2.63, range 1.1-16.4 km/day) and summer loopers doubling this to an
average of 10.9 km/day (SD=3.28, range 5.5-19.7). Overall loop distances covered
by turtles during the summer migrations averaged 647 km (SD=336.6, range
145-1594 km). The increased swim speed and distance between location fixes was
typical of all summer migration loops indicating a clear shift in behavioural state.

Turtles undertaking summer migration loops generally moved in a north-easterly
direction toward deeper sections of the Gulf, returning in a south-westerly
direction to the shallower foraging grounds. There was a significant difference in
direction of outward and return travel during the loops, with outward migration
bearings averaging 30.60 (SD=38.310) and return bearings averaging 203.40
(SD=35.820) with turtles residing in the south-western extent of the Gulf generally
heading out in a NE direction toward deeper and cooler waters.

There was a small but significant difference between sea surface height (SSH) at
the end of the foraging period (just prior to commencing the summer migration)
and at the height of the summer migration loop, which might have influenced
turtle behaviour — although it is uncertain how this would be manifested

within such a relatively small body of water. However, there were no significant
differences between SSH when all foraging values were considered (x=8.6,
SD=6.30, range -9.2-27.9) against all summer loop SSH values (x=9.0, SD=5.63,
range -5.9-27.1), suggesting SSH was not a key driver behind selection of alternate
summer habitats. Geostrophic currents, which are derived from SSH data,

were similarly inconclusive. Similarly, there were no significant differences in
Chlorophyll-a concentration between foraging grounds and summer migration
temporary habitats, and the data were not significantly correlated (r=0.11,
Pp=0.446). Chlorophyll-a concentrations at foraging grounds averaged 1.38 mg/ms3
(SD=0.984, range 0.41-7.91) and were only slightly higher than those found at the
summer migration habitats which averaged 1.30 mg/m3 (SD=0.759, range 0.25-

3.19).
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However, while there were no apparent relationships between location in time
and space and SSH, geostrophic currents and Chlorophyll-a, we did find that the
summer migrations were all linked to significant differences in water temperature,
strongly suggesting that the temporary emigration was a behavioural response to
elevated temperatures. We determined water temperatures at the locations just
prior to the point of departure and compared these to water temperatures at the
middle of the loops and at the extreme latitudes reached by each turtle during the
summer migration loops. There was a significant increase of roughly 2°C between
the sea surface temperatures at the end of foraging / start of the migration
(x=31.9°C, SD=2.08, range 20.32-34.72°C) and at the middle of the summer loops
(x=29.7°C, SD=5.01, range 17.31-34.67°C), and waters had cooled at the foraging
grounds by the time the turtles returned from the summer loops by roughly 1.5°C
(x=30.5°C, SD=4.50, range 18.91-34.05°C). Overall, the turtles departed from
significantly warmer waters and occupied waters roughly 2°C cooler at the apex

of the migration loops, not returning until waters had cooled substantially in the
lower south-western reaches of the Gulf whereby they resumed normal foraging
behavioural states.

3.7 MIGRATIONS

Location fixes from the point of departure from the internesting habitat until the
commencement of foraging were categorised as migration fixes (direct purposeful
travel from the nesting site with minimal deviation from a straight path). Turtles
were grouped into three relatively distinct groups based on migration activity

and deployment area: those deployed in the Gulf proper, those deployed on the
Daymaniyat islands off Oman, and those deployed off Masirah Island in Oman, the
latter two being >400 km apart and separated geographically by Ras Al Hadd, the
easternmost headland on the Arabian peninsula.

« Turtles in the Gulf proper generally moved in a S or SW direction towards the
SW corner of the Gulf shared by the United Arab Emirates, Saudi Arabia and
Qatar, although a small proportion of turtles travelled into the Gulf of Salwa
(between Qatar and Saudi Arabia) and northwards towards Bahrain, Saudi
Arabia and Kuwait (Figure 10, Figure 11 & Figure 12).

« Turtles from the Daymaniyat islands tended to head SE along the coast of
Oman, rounding Ras Al Hadd and heading SW towards foraging sites off the
mainland coast near Masirah and further towards the Yemen coastline (Figure

13).

» Turtles from Masirah, interestingly, rarely travelled further than 50-80 km to
coastal foraging sites off the Oman mainland coast, with the exception of one
turtle which travelled 350 km to the SW (tag ID 115254; Figure 13). Given the
disparity in distances covered by Omani turtles, the two latter figures are shown
at a different scale than those from the Gulf.

Initial migrations from the internesting habitats to first settlement at foraging
grounds in the Gulf proper were short in duration, and completed within an
average of just 10.3 days (SD=7.73; range=1 to 32.9 days; n=61); The migrations
covered short distances, averaging only 189.4 km (SD=138.53; range 12.8 to 659.6
km - the longest being one single track by a single turtle swimming from Qatar

all the way north to Kuwait; Figure 11). Within the Gulf, the migrations by turtles
from Iran generally were the longest (average=361.8 km; SD=136.66, range=200.9
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to 536.1 km; n=10) and took an average approximately 20 days to complete.

In Oman, migrations from the Daymaniyat islands were the longest, averaging
672.6 km (SD=249.1, range=66.4 to 1092.1 km) and taking an average of 28.6 days
to complete (SD=13.38, range= 3.2 to 55.1 days), with all but two turtles reaching
or passing Masirah island on Oman’s south coast. One of the two remaining
turtles (tag ID 53003) migrated into the Gulf via the Straits of Hormuz in the first
documented instance of a hawksbill migration in or out of the Gulf. The second
was believed to be taken on board a vessel as the last readings were all dry prior to
cessation of signals, and given the departure away from the Arabian peninsula in
contravention of typical migration routes (tag ID 105836). Migrations by turtles
from the Daymaniyat islands were statistically greater than those from turtles
within the Gulf.

In contrast, migrations by turtles deployed on Masirah islands were the shortest of
all, averaging only 80.5 km (SD=93.9; range= 6.6 to 324.9 km; n=10) and lasting
only an average of 3.95 days (SD=3.49, range = 1=12 days, n=9). These migrations

Figure 10: Trajectories of post nesting migrations until commencement of foraging activities (black circles) as turtles departed from Shedvar (left) and
Nakhiloo (right) in Iran. Foraging and subsequent movements removed to simplify viewing.

Figure 11: Trajectories of post nesting migrations until commencement of foraging activities (black circles) as turtles departed from Ras Laffan (left)
and Fuwairit (right) in Qatar. Foraging and subsequent movements removed to simplify viewing.
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Figure 12: Trajectories of post nesting migrations until commencement of foraging activities (black circles) as turtles departed from Sir Bu Nair (top,
left); Quernain (top, right); Zirqu (bottom, left); and Ghantoot (bottom, right) in the UAE. Foraging and subsequent movements removed to simplify
viewing.
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Figure 13: Trajectories of post nesting migrations until commencement of foraging activities (black circles) as turtles departed from the Daymaniyat
islands (left) and Masirah (right), Oman. Foraging and subsequent movements removed to simplify viewing.
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were statistically shorter than migrations in the Gulf or the Daymaniyat islands.

A subset of 17 individual turtles (19%) which had spent substantial periods at

a foraging ground undertook subsequent migrations to secondary or tertiary
foraging grounds. These migrations differed from summer migration loops

in timing, distance covered, and orientation. Among these turtles, secondary
migration distances were somewhat shorter, averaging 231.1 km (SD=218.68,
range= 13=766) but not significantly different when compared to primary
migrations averaging 262.3 km (SD=278.03; range 18 to 1165 km; n=31). Only
seven (22.5%) of these events occurred inside the Gulf suggesting a greater need
by turtles along the mainland Oman coast to expand their foraging ranges.

Swim speeds during migrations by turtles in the Gulf averaged 18.2 km/day
(SD=7.73; range 0.7-34.7 km/day; n=71). Turtles from the Daymaniyat islands
averaged 21.4 km/day during the migrations to foraging grounds (SD=6.32; range
7.7-33.3 km/day; n=27) while turtles Masirah averaged 18.8 km/day (SD=12.0;
range 2.7-51.4 km/day; n=21). Swim speeds by turtles undertaking migrations
were not significantly different between the Gulf, Masirah or the Daymaniyat, with
an overall swim speed during migrations of 19.02 km/day.

3.8 FORAGING HABITATS

3.8a Distribution

One of the key objectives of this study was to identify the location of foraging
grounds for Arabian hawksbill turtles. The project determined that gulf hawksbill
turtles are very specific about staying at their foraging grounds once they reach
them, and their movements, once there, are very limited. Their foraging grounds
were identified by a sudden reduction in travel rates and a shift from purposeful,
rapid and unidirectional orientation to short distance movements with random
heading changes. In addition to their initial foraging settlement areas, a subset
of turtles undertook secondary and tertiary migrations to new foraging grounds,
possibly in search of improved forage conditions. After the summer migrations
many Gulf turtles settled at different foraging grounds so that a total of 164
foraging periods at 113 unique foraging sites were recorded, with widely varying
durations (x=123.2 days, SD=132.66, range 11.02-1053.04 days).

Characteristic of the foraging periods was an overall slower swim speed (x=4.5
km/day, SD=2.41, range 1.1-16.4; n=174), some five times slower than that during
migrations (19.02 km/day) and half that of swims during the summer loops (10.9
km/day).

We computed the size of the turtles’ home ranges (95% density of foraging
location fixes) and core areas (50% of foraging location fixes) by separate foraging
events to describe the spatial extent of individual foraging grounds. Home ranges
varied in size but overall were relatively small, averaging only 48.7 km? (SD=26.01,
range=5.9 to 166.1 km?). This is equivalent to the area of a circle of some 4 km in
radius. The wide variation in sizes was not evenly distributed, with the majority

of home ranges between 40 and 60 km? (Figure 14). In contrast core areas were
extremely precise, focussed on individual shallow patches and averaging only

3.3 km? (SD=0.72, range=0.4 to 7.5 km?). Here again core areas were not evenly
distributed, with the majority of core areas measuring only 3 to 5 km? (Figure 14).
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Home ranges and core areas were positively correlated (r2=0.72), although core
areas tended to remain small even when home ranges in some instances increased
in size (Figure 15). Gulf home ranges averaged 52.4 km? and were significantly
larger than home ranges for turtles outside of the Gulf (x=39.7 km?), and similarly
so were core areas (Gulf x=6.0 km?; Oman x=3.2 km?), suggestive of higher quality
foraging grounds fronting the Indian Ocean than in the climate-challenged Gulf.
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Figure 14: Size distribution of home ranges (left) and core areas (right) for hawksbill turtles in the Arabian region

In the Gulf, turtles occupied discreet
and isolated foraging grounds,
often returning to the same areas
6 following two-to-three month
q summer migrations but frequently
. o also moving to new areas. Given the
° propensity for turtles to migrate in
a south and southwest direction, the
majority of foraging grounds were
located in waters off Abu Dhabi
and southern Qatar, with only a
handful of foraging grounds further
north along the Bahrain, Saudi and
0 . . . . . . . . ,  Kuwait coasts (Figure 16). Of note is
° 20 T 6o 8o 10 120 e 160 80 that no turtles headed east towards
Lomighenel Gy Iran and the eastern reaches of the
Figure 15: Relationship between UAE, which receive the cleaner waters entering the Gulf from the Gulf of Oman.
Eome ranges and core areas for In Oman, turtles from both the Daymaniyat islands and Masirah island migrated
awksbill turtles in the Arabian
region. primarily to waters off Shannah, on the mainland adjacent to Masirah, with an
additional few heading to Quwayrah, approximately 250-300 km further SW off
the Omani coast and one travelling even further south (Figure 17).

Core Area (km?)

By far the primary activity for turtles in the Gulf was foraging (or at least time
spent resident in foraging areas) with turtles occupying an average of 68.0% of
their time in foraging grounds, compared to 6.6% of their time in the internesting
grounds, and only 4.9% of their time migrating between the two (Table II).

Of note, Gulf turtles spent an average of 20.4% of their time on the summer
migration loops, which is a substantial proportion of their time each year spent
away from the traditional foraging grounds. In contrast Omani turtles in the
Indian Ocean did not undergo summer migrations, but nested fewer times,
spending only 4.4% of their time at nesting grounds, and undertaking longer
migrations occupying 12.7% of their time. The largest proportion of time (82.9%)
was spent at foraging grounds, many of these <50 km from the Masirah nesting
site (Detailed activity data for each turtle is presented in Annex B).
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Kuwazit 3 e ; Ground-truthing of five of these sites in the Gulf in 2013 confirmed extensive
= F sparse seabed areas surrounding single shallow ‘hard substrate mounts’ dotted
i : with individual coral colonies and small isolated sponge structures. This is
; - lran . consistent with findings of home range and core areas, whereby core areas were
e _fam represented by single or multiple small ‘seamounts’ or shallow areas where sparse
; corals and reef-associated invertebrates settle.

A notable point from the results was that the ground-truthed foraging sites were
all different to one extent or another. Some had hard substrates, others had mostly
coarse sand substrates. Others had a variety of small sponge species, while others
were limited to one or two colonies. Some were recovering reefs (Bu Tinah) while
not all the patch reefs (e.g. Sir Bu Nair) were recovering reefs but rather healthy
coral outposts. These coral patches were into themselves different, not being
typical ‘patch reefs’ with major seabed coverage, but rather sand patches with
numerous small ‘windblown’ domed coral colonies (Figure 18).

E R

The foraging sites were generally characterised by a rubble substrate with small
(5-20 cm diameter) individual colonies, rarely forming clumps or outcrops,

Figure 16: Locations of individual hawksbill turtle foraging grounds in the Gulf depicting a concentration of
foraging grounds in waters off Abu Dhabi and southern Qatar, with only a few foraging sites north off Kuwait,

Saudi Arabia and Bahrain.
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Figure 17: I'_‘ocations Of individual hawksbill turtle foragin.g grounds off the coast of Oman depicting the Figure 18: Generic photographs from ground-truthing surveys: Gracilaria filamentous algae (top left); Diadema spiny urchins on barren reef (top
concentration of foraging grounds west and south of Masirah. right); ‘windswept’ low domes coral colonies (bottom left) and high relief fossil coral areas with pioneer Porites coral.
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suggesting high current areas over the top of the shallow reef patch — likely during
tide shifts and shamal wind periods. The rubble patches were mostly devoid of
growth possibly due to the grazing nature of the high numbers of short-spine
Diadema sp. herbivorous urchins. Amongst the slightly more dense assemblages
of coral colonies were long-spine urchins, occasional sponge colonies, and small
numbers of fish — few of these commercial. Reef fish were dominated by the
Queen Angelfish (Pomacanthus maculosus), along with double-bar seabream
(Acanthopagrus bifasciatus) (common), and Striated Surgeonfish (Ctenochaetus
striatus). Commercial fish included Snappers (Lutjanus spp.), Emperors
(Lethrinus spp.) and occasional trevally (Carangoides fulvoguttatus).

The primary coral species identified at foraging sites were Acropora sp.,
Astreopora sp., Favia sp. and Platygyra sp. Hard coral cover usually only
accounted for <25% of the substrate, and sponges were rare except in small
colonies 5-10 cm across, at low densities (~5-10 colonies/10 m?). Sand, rock and
rubble accounted for the majority of the substrate, depicting a sparsely covered
substrate with small individual coral colonies. Sites with substantial ancient reef
cover (e.g. Bu Tinah and Abu Al Abyad) were characterised by recovering reef
substrate following bleaching events in the more than a decade earlier. These sites
were characterised by substantial reef relief (over 1 m in height) with interspersed
sand patches, but where most of the coral structures were covered by macroalgae
and coralline algae — with a distinct shortage of live coral colonies. Similarly,
there were few sponge colonies to provide forage preferred material to hawksbill
turtles. At some of the more degraded sites there were dense patches of hydroids
(Algaophenia cupresina), along with the brown algae (Caulerpa sp.), Ascidians
(Ascidea sp.), and filamentous red algae (Gracilaria sp.).

Taking into account the traditional understanding that hawksbill turtles are
primarily spongivores, the sites came up short in terms of being dense reef areas
with a suite of sponge species for hawksbills to choose from. The areas were always
shallow (<10 m) and did contain some sponge colonies, but these were invariably
small (with the exception of the larger colonies recorded at Bu Tinah which are
not known as turtle forage material). It is possible the hawksbills are moving to
other patch reefs in the vicinity, but bathymetric charts indicated that these were
not common within the dense aggregation of forage point data. Similarly, it is
possible the turtles are feeding on more than just sponges, but additional studies
are needed to determine feeding habits of Gulf hawksbills.

© Oliver J. Kerr /| EWS-WWF
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4.1 SUGGESTED CONSERVATION NEEDS

Sea turtles are vulnerable to anthropogenic impacts across their range. They

are vulnerable when they emerge to nest. They are vulnerable to fishing nets
drifting aimlessly at sea. They can be entangled in fishing lines, and entrapped in
cooling water intakes. They are hunted as food, and to supply a curio trade. Being
long-lived (Heppell et al. 2003) and of late maturation (Miller 1997) they face a
multitude of threats over long periods of time. Of the seven extant species, two are
listed as Critically Endangered globally (the hawksbill and the kemp’s ridley — only
found in the Gulf of Mexico and the western Atlantic), two as Endangered (the
green and the loggerhead), two as Vulnerable (the olive ridley and the leatherback)
and one as Data Deficient (the flatback — but only because sufficient data has not
yet been assimilated to determine a status) on the ITUCN Red List™. All turtles

are listed on Appendix one of the Convention on the Trade in Endangered Species
(CITES) which stipulates that all forms of trade are illegal and shipment of
samples requires import and export permits.

And yet turtle populations generally continue to decline, and the key drivers
behind the decline are a lack of attention to the key biological requirements

of sea turtles: They need beaches on which to nest — and these disappear at
alarming rates. They need to breathe — but all too often are caught in illegal

nets and drowned. They take decades to mature — but conservation projects and
funding are usually measured only in years. To save sea turtles it is necessary to 1)
understand their biological needs; 2) determine key threats; 3) design measures
to mitigate those threats; 4) assign turtles a suitable level of value at a societal
level (both public and private) to garner support for conservation measures, and;
5) implement the conservation initiatives over a suitable time frame to have an
impact.

In an effort to address these conservation needs, understanding the location of
critical turtle habitats and the times turtles spend at these is essential for the
design of effective and efficient conservation programmes. The results from this
project provide the first evidence of migration pathways and a critical bottleneck
at Ras Al Hadd, the easternmost point of the Arabian peninsula; locations of
foraging grounds and clustering of these in the SW Gulf and close to Masirah
island in Oman; temporary summer emigration thermoregulatory responses
among Gulf turtles, and proportion of time spend at various reproductive biology
life stages for critically endangered hawksbill turtles. These data can now inform
management agencies and conservation practices in a region home to one of the
most climate-challenged marine habitats on the planet, subject also to immense
urban expansion, shipping and petrochemical industry pressures, and which
supports large nesting and foraging populations or endangered sea turtles. Armed
with this information, management agencies will be better able to target effective
and efficient conservation action. The individual findings from this project are
addressed in the following sections.
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4.2 INTERNESTING ACTIVITY

Sea turtles typically deposit multiple clutches per season (Van Buskirk & Crowder
1994). These may be spread over long drawn-out periods or compressed into short
seasons when weather conditions are optimal (Miller 1997). In the Arabian region
hawksbill turtles deposit multiple clutches and nest during short summer season,
typically between April/May and July (Ross & Barwani 1982, Miller 1989, Pilcher
1999, Mobaraki 2004, EAD 2007). But because many monitoring programmes
are short and not all nests per turtle are counted, it is unknown what the total
reproductive potential of the species comprises in the Arabian region. This sort

of reproductive output data at a regional level would provide an understanding of
population robustness and would allow managers and conservationists to track
population performance over time. If foraging grounds deteriorated and turtles
were not able to assimilate sufficient nutrition to develop large quantities of eggs,
nesting frequency may drop as a consequence. Similarly, if foraging material is
plentiful, turtles are likely to nest more often, and more frequently.

Project efforts to determine total potential reproductive output per turtle were
based on deployment of the transmitters as early as possible in the season,

and then estimating the time spent in the vicinity of the nesting grounds prior

to purposeful migration to feeding grounds. While this may appear somewhat
arbitrary, nutritionally-challenged turtles are unlikely to stay in internesting
waters where feeding may be further constrained than at foraging grounds. The
number of two-week periods (based on known renesting intervals for hawksbills
in the region) were calculated along with how many of these fit the time period
prior to migration. Based on detention periods in internesting grounds following
PTT deployment, it was estimated turtles could potentially deposit up to five
additional clutches (for a total of six), but that the norm was for turtles to deposit
an average of three clutches per season. These findings are consistent with earlier
saturation tagging in Saudi Arabia (Pilcher 1999, Al-Merghani et al. 2000) and the
short seasons experienced by most nesting sites in the region. Turtles from Oman
deposited one to two fewer clutches on average than those in the Gulf.

4.3 MIGRATION BEHAVIOUR

Migration patterns and speeds were compared to typical water movement patterns
in the Gulf and in the Gulf of Oman along the Omani coast. Water circulation
patterns in the Gulf are typically not strong and average only 0.1 km/h when
waters flow southwards in the west, and up to 0.36 km/h when waters flow into
the Gulf in the east. These were considered of little consequence to post-nesting
migrations of turtles within the Gulf itself due to the slow speeds and known
swimming ability of turtles.

Gulf turtles generally migrated to foraging grounds at a speed of around 18 km/
day, which is comparable to swim speeds recorded at various other global sites. It
appears that the smaller body size of hawksbills in the Gulf did little to influence
their swimming ability. Interestingly, most migrations were to the southwest and
to the south, with only the occasional turtle headed north, and not eastward. The
project team had originally postulated that the east side of the Gulf would be a
key destination for hawksbills given the Gulf’s reverse estuarine circulation which
provides an influx of clean seawater from the Indian Ocean in a counter clockwise
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direction, but notably not one single turtle headed towards the Iranian coast or the
eastern reaches of the Gulf. In contrast, the turtles oriented towards the shallower
SW corner of the Gulf which experiences extreme temperature fluctuations and
temperature extremes reaching 37°C (John et al. 1990).

Outside of the Gulf, ocean currents along the Omani coast are strongly influenced
by the summer monsoon, and shallow waters (<150 m) of the Somali current
travel in a northeast direction up the Omani coast during June to September, the
same time frame when most of the turtles were migrating in an opposite southwest
direction. Flow velocities by the Somali current normally average 2-3 m/s and
can exceed 3.5 m/s (12.6 km/h), and the larger Omani hawksbill turtles during
this study were tracked swimming at 18 km/day or 0.75 km/h against the current.
These speeds are comparable or greater than speeds recorded at other global

sites and it appears the Somali current had little impact on the turtles’ swimming
ability, even given their general perception as the ‘more sedentary’ of Cheloniid
species (Wyneken 1997).

No major migratory bottlenecks were detected in the Gulf, but the bottleneck at
Ras Al Hadd was deemed a major concern for Oman turtles given the extensive
artisanal and commercial fishing in the area. All except for one turtle from the
Daymaniyat islands rounded Ras Al Hadd and headed SW to Masirah and beyond,
and this area be considered as a critical pathway for turtles in the region. Similarly
in Oman the area between the southern tip of Masirah island and Shannah on the
mainland is an important migratory pathway and foraging ground.

4.4 SUMMER THERMOREGULATORY MIGRATIONS

Hawksbill turtles which reside in the Gulf experience wide temperature
fluctuations and extreme summer temperatures which exceed, over sustained
periods, those found anywhere else across their global range. Sea turtle internal
body temperatures largely dictated by that of surrounding environment which
influences many aspects of their biology. For example, elevated temperatures can
lead to biased sex ratios (Hawkes et al., 2007), temporal shifts in nesting seasons
(del Monte-Luna et al., 2012), and impacts to developing embryos (Hamann et
al., 2007). Concerns have been raised over sea turtles’ ability to adapt to elevated
ambient temperatures with climate change and projected increases in ambient
temperature (e.g. Fuentes et al., 2013), although small increases in temperatures
can be (at least partially and targeting specific factors) beneficial depending on
species, such as increasing hatchling swim speeds (Booth & Evans, 2011) and
growth rates (Diez & Van Dam, 2012), and improving incubation success (Webber
etal., 2011).

A substantial body of literature exists on the physiological impacts of hypothermia
(being too cold) on sea turtles (Spotila et al., 1997; Milton & Lutz, 2003) and
there is evidence of turtles emigrating from colder waters (e.g. Lazar et al., 2003)
but surprisingly little is known on impacts of hyperthermia (being too hot). The
Gulf experiences some of the hottest water temperatures on the planet during
summer months (John et al., 1990) and weekly average sea surface temperatures
during this study exceeded 30°C during a surprising 35.4% of all 168 weeks of
the study, with a maximum average weekly temperature of 33.8°C. Maximum
temperatures averaged over each week during this study ranged from 23.0°C in
the winter to 34.9°C in the summer. Milton & Lutz (2003) suggest hyperthermia
would be a rare phenomenon for sea turtles, but the Gulf appears to be that
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exceptional habitat where hyperthermia is a condition hawksbill turtles experience
frequently. No data exists for hawksbill turtle temperature tolerance limits and
impacts of increasing ambient temperatures, or their ability to regulate changes in
temperature under these extreme conditions.

Green turtles also inhabit the Gulf in large numbers and limited information
suggests only a small proportion of these turtles emigrate from the Gulf on a
temporary basis (EAD, 2007) therefore large numbers must be resident in the
Gulf during the same warm summer months. While green turtles are larger than
hawksbills and may be somewhat more tolerant to thermal stress (Paladino et al.,
1990), it is necessary to conduct further tracking studies to reveal if they display
similar behavioural responses as hawksbills.

Given the close relationships between temperature and physiological performance,
species survival and global distribution are governed by temperature gradients,
and the thermal tolerance of many organisms is proportional to the magnitude of
temperature variation they experience (Calosi et al., 2007). Because sea turtles are
cold-blooded, they are likely to be more vulnerable to climate warming than other
organisms because basic physiological functions such as locomotion, growth, and
reproduction are mostly influenced by environmental temperature (Deutsch et

al., 2008). What’s more, thermal tolerances are likely to be more restricted at the
tropics (where hawksbill turtles are found) than at higher latitudes given they are
already living close to their optimal body temperatures (Deutsch et al., 2008).

Exposure to high temperatures may reduce reproductive success and endanger
populations, influence catalytic efficiency of enzymatic reactions, respiration

and osmoregulation and just about every aspect of a species’ performance

and behaviour. Because feeding activity and digestion / energy budgets are
temperature dependent, metabolic rates, growth and physiological maintenance
are also impacted by elevated temperatures (Bennet & Dawson, 1976). In addition,
survival, reproduction, and growth are governed by the rate at which organisms
acquire, process, and transform energy, which is largely determined by body size
and temperature. In sea turtles large body size is generally seen as a contributor
to thermal tolerance (Paladino et al., 1990), but adult Gulf hawksbills are amongst
the smallest in the world, presumably linked to thermal limits and fluctuation

rate stressors (Pilcher, 2000). The combination of small body size and elevated
temperatures are likely to elevate levels of physiological stress, driving behavioural
responses such as those we uncovered in this study.

Hawksbill turtles which reside in the Gulf experience wide temperature
fluctuations and extreme summer temperatures which exceed, over sustained
periods, those found anywhere else across their global range. Exacerbating these
impacts, the vast majority of electrical power generation and desalination plants in
the Arabian region are water-cooled, producing high-temperature, high-chlorine
effluents at localised levels. These localised high-temperature zones further
impact turtles at the local level and potentially drive them from resident foraging
grounds. It is unknown how marine turtles will adapt to long-term regional and
local warming of their environments, but these results indicate there are, at

least in the short term, thermoregulatory responses which take sea turtles out

of high temperature and potentially physiology-threatening conditions. While
these newly-found nature-based responses are an adaptation to greater climate
variances, it is unknown what the impact of the localised temperature increases
will be, but it is suggested at the very minimum that they will drive turtles from
traditional feeding grounds without the chance to return when temperatures cool.

These project findings provide an initial look into behavioural responses
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by hawksbill turtles to elevated water temperatures, and given the extreme
temperatures found in the Gulf, this thermoregulatory response highlights a
potential adaptive measure by marine turtles to climate change and potentially

to elevated sea surface temperatures across other parts of their range.

While measurements of sea surface temperature (SST) is a relatively recent
phenomenon, records for the northern Gulf indicate the Gulf has always been
warm in the summer with an overall steady rise in SST since 1985 at a rate of
0.6°C/ decade (Al-Rashidi et al. 2009) and it is likely the response by sea turtles is
not a recent development.

4.5 FORAGING HABITATS

4.5a General Descriptions

Ground-truthing of five foraging sites in Abu Dhabi waters indicated that these
consisted of extensive sparse seabed areas surrounding single shallow ‘hard
substrate mounts’ dotted with individual coral colonies and small isolated sponge
structures. Complementing this, home range and core areas were represented by
single or multiple small ‘seamounts’ or shallow areas where sparse corals and reef-
associated invertebrates settle. Interestingly, individual foraging habitats were not
directly linked to major coral structures as identified during earlier coral surveys
in the Gulf. The surveys determined that the peripheral areas to each of the
primary ‘reef foraging areas were predominantly devoid (if not completely barren)
of any other major macrofauna which could constitute foraging material for the
turtles. Key areas used by hawksbill turtles were typically only 5-10 m deep. Other
than the impacts of fishing noted at Sir Bu Nair, no other man-made damage was
obvious, although anchor damage was noted at several sites.

Hawksbill turtles primarily feed on sponges (Meylan, 1988) which in turn

are reliant on primary productivity as filter feeders. The small size of the Gulf
precluded any substantive conclusions from sea surface level and currents,
although neither of these appeared to drive the temporary emigration from
foraging grounds, and similarly there was no correlation between turtle location in
time and space and Chlorophyll-a levels. The fact that turtles generally returned to
the same or similar foraging habitats suggests the migrations were not catalysed
by specific local conditions or pressures, and it is far more likely that temperature
and not currents or sea level height were the driving force behind the temporary
emigrations into deeper waters.

Growth and reproduction are integrally linked to foraging ecology (Bjorndal 1997)
and limitations to foraging or food availability can impact the productivity of
individuals and populations. Similarly, exposure to temperatures which exceed
normal tolerances can lead to a decrease in nutritional uptake and growth.

Gulf turtles are among the smallest adult turtles worldwide (Pilcher 2000), in
comparison to Omani turtles which are an average of 10 cm larger in carapace
length as nesting adults, suggesting that growth in Gulf turtles is nutrient-limited.
It is noteworthy that Gulf turtles spent >20% of their time undertaking summer
migration loops, during which it is unknown if they were actively feeding. The
ground-truthing investigations of five known foraging sites revealed no living
reef or reef-like clusters at depths >15 m, depths to which turtles migrated during
the summer loops. Other studies have revealed infrequent small (<2-5 m?)
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reef structures in deeper reaches of the Gulf, and it is possible hawksbills were
targeting these sites. If this were so, it would suggest the Gulf hawksbills have the
ability to pinpoint extremely precise locations. While this phenomenon is known
in sea turtles migrating from distant feeding grounds to nesting beaches (e.g.
Bowen et al. 1995) and from nesting sites to distinct feeding grounds (e.g. Limpus
et al. 1992), the summer migration tracks by Gulf turtles do not suggest the turtles
spent substantial periods at any one particular point except for in a handful of
isolated instances.

4.5h Foraging Ground Distribution

Possibly most interesting of all findings were the locations of hawksbill turtle
foraging grounds in the Gulf, and the restricted range of those outside of the Gulf.
Clean waters enter the Gulf through the Straits of Hormuz and travel in a counter-
clockwise direction up the coast of Iran and down past Saudi Arabia, Qatar and the
UAE. Extensive and diverse reef development occurs along the Iranian coast, and
yet not one single turtle headed in that direction. Nearly all Gulf turtles headed in
a south or southwest direction towards the waters of Abu Dhabi and lower Qatar,
with only a handful headed north of Qatar to the Fasht (reef) areas north and east
of Bahrain, Abu Ali in Saudi Arabia, and Kuwait. Similarly interesting was the
manner in which turtles stayed close to the Omani coast during their migrations
selecting foraging grounds in just a couple of places.

Turtles in the Gulf spent some 70% of their time on foraging grounds, and Omani
turtles spent upwards of 85% of their time in foraging areas. The difference

in these two time allocations is the result of Gulf turtles undertaking summer
migrations to escape higher surface water temperatures during summer months,
during which it was believed they are not feeding. The foraging habitats were
spread over vast areas but at the individual turtle level they typically ranged over
only 40-60 km? with core areas of only 3-5 km? in size. In the SW corner of the
Gulf foraging grounds are distributed across ~20,000 km? between Abu Dhabi in
the UAE, a small parcel of Saudi Arabian territorial seas, and the southern reaches
of Qatar. In Oman the foraging habitats are spread along >500 km of coastline,
but given the steep deepwater drop-off close to the Omani coastline their habitats
are restricted to a narrow coastal belt. In addition to this, the coastal area is
predominantly shifting sands with little reef or hard substrate (Pilcher et al. 2000)
in the form of suitable foraging habitat for hawksbill turtles.

The ground-truthing surveys determined that the peripheral areas to each of the
primary ‘reef foraging areas were predominantly devoid (if not completely barren)
of any other major macrofauna which could constitute foraging material for the
turtles. These areas were typically over 10-15 m in depth, and areas with coral and
other invertebrate growth were typically recorded at 5-10 m depth. Interestingly,
individual foraging habitats were not directly linked to major coral structures
(Figure 17) as identified during earlier coral surveys in the Gulf (Riegl et al. 2008).
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Figure 19: Locations of individual hawksbill turtle foraging grounds in the SW corner of the Gulf (black dot clusters) which do not generally correspond
with major coral reef areas (orange shading).
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The project findings indicated home ranges and core areas (Figure 18) for Omani
turtles were substantially smaller than those for Gulf turtles, suggesting Oman
turtles have access to higher quality foraging areas than those turtles living in the
climate-challenged Gulf, resulting in a decreased requirement for wide-spread
foraging movement. In addition, recent investigations of corals in the Gulf point
to decreases in reef quality with decreases in coral cover, survival and species
diversity (e.g. Reigl 1999, Wilson et al. 2002), while Indian Ocean conditions
appear to have escaped these declines (Wilson et al. 2002). The smaller foraging
ranges may help explain the larger size of Oman hawksbills as greater proportions
of nutrient intake can be invested in growth rather than foraging displacement.
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Figure 20: Home range density plot of foraging areas. Darker areas represent a higher density of turtle locations,

Of the 25 turtles deployed in Oman, only one (Tag ID 53003) migrated into the
Gulf, with the balance all headed towards Masirah and further south, notably at
two key foraging areas which warrant consideration for protection. This is the
first confirmed migration of a hawksbill into the Gulf from the Gulf of Oman but
it is suggested this is likely not a common occurrence. Indeed, given the reduced
foraging range quality available to turtles in the Gulf, it is reasonable to expect
turtles from Masirah to stay in the Gulf of Oman or other Indian Ocean sites. That
said, recent work has documented the ingress of several loggerheads from Oman
and a second hawksbill into the Gulf (MECA, unpublished data) conformed by
captures of live loggerheads off Qatar (Pilcher, unpublished data), and while these
represent a small proportion of all tracked turtles out of Oman, the additional
migrations further confound the issue.

Marine Turtle Conservation Project Final Scientific Report 55



56

4.6 IMPORTANT TURTLE AREAS (ITAS)

Turtles at sea are prone to a suite of vastly different pressures than those they face
as they approach beaches to lay eggs. Fishers (both legal and illegal) stand in their
way. Pollution from an ever-growing industrial base threatens with oil spills and
direct impacts to foraging habitats. Climate change can impact the quality of the
forage material. Given turtles spend over 95% of their time at sea, understanding
the location and extend of their foraging grounds and areas where they reside

for substantial periods, and impacts to these, are critical for conservation action
to be effective (Figure 20) . Following similar approaches to identify important
foraging and breeding areas for birds (IBAs — or Important Bird Areas), these key
areas have been named Important Turtle Areas to focus management actions and
conservation priorities.

This project identified two key sets of Important Turtle Areas:
« Foraging ground assemblages off Oman and in the SW Gulf
« Summer migration hotspots in the central Gulf. This area is time-sensitive,
in that the turtles are only in these areas during July, August and September,
while the foraging grounds are inhabited year-round.

Along with these important areas is also one significant migratory bottleneck at
Ras Al Hadd, via which all Masirah turtles migrate on their way south.

The tracking data for turtles in the Gulf revealed that turtles undertaking
migration loops spent roughly half their time actually swimming between resident
foraging grounds and temporary summer residences, with the remaining half
spent in temporary habitats. These temporary habitats differed substantially

and distinctly from primary foraging grounds, and the distinction is important
because now two key areas are of concern when considering turtle conservation in
the Gulf. Turtles during the summer migrations inhabited deeper waters (20-50
m) than ground-truthed foraging sites (5-7 m) and an average of one degree of
latitude further north. After the removal of extremely widely dispersed location
fixes during outbound and return migrations, the core areas representing >50% of
summer loop location fixes have been used to focus conservation attention (Figure
21).

In Oman the identification of Important Turtle areas was substantially clearer,
with the identification of Shannah and Quwayrah as being key foraging habitats,
and the waters off Ras Al Hadd — indeed the 20 km band along the shores between
Daymaniyat, Muscat and Masirah — constituting an important conservation
bottleneck for hawksbill sea turtles.

4.7 THREATS

During this time turtles are prone to two key anthropogenic threats: fishery
bycatch and shipping. Small-scale artisanal fisheries have the potential to inflict
severe negative impacts on in sea turtles (Lewinson et al. 2011).

Incidental capture by net fisheries targeting other species is the biggest threat
to many populations of long-lived marine vertebrates such as sea turtles, sharks
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and rays, inshore cetaceans, and sirenians (dugongs) (Lewinson et al. 2011).
Gillnets have been identified as a particularly hazardous fishing gear due to their
relatively cheap purchase and operational costs, typically large size, the nature of
their material and the long ‘soak times’ which increase the likelihood of drowning
for these obligatory air-breathing animals. Many of these species are also
experiencing additional pressures (such as loss of habitat or targeted fisheries)
which, when combined with the characteristic life history of long-lived vertebrates,
may result in even low levels of incidental bycatch having a serious impact on a
declining population. Based on anecdotal evidence, gill nets are banned in several
Gulf countries but continue to be widely used. Ironically, where the use of gillnets
is banned, they are easily purchased on the open market. No Gulf countries

have implemented permanent fishery observer programmes (except for recent
developments in Oman) and thus there is a scarcity of data on 1) where small-scale
vessels fish; 2) levels of fishing effort; 3) bycatch rates for large marine fauna; and
4) hotspots where large marine fauna are encountered. These data are urgently
needed at National levels which may, when overlaid with turtle habitat hotspot
data, paint a picture of regional conservation hotspots.

Similarly vessel traffic is a threat to turtles (Hazel & Gyuris 2006). Where ports
and shipping traffic intersect with sea turtle nesting beaches, nearshore habitat
and ocean migration paths, the potential for harm to or disruption of sea turtle
life cycle arises (STRP, 2013). Maritime transportation is the dominant form

of international freight distribution and takes place on a global maritime scale.
Maritime routes are typically only a few kilometres wide and international
maritime routes are forced to pass through specific locations linked to passages,
capes and straits. The Gulf experiences some of the highest shipping densities on
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Figure 21: Core areas during the summer migration loops. The lower 50% location data were removed as these
represent the outbound and return migration paths, and darker regions indicate higher densities.
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the planet, with nearly 40,000 vessels plying its waters in 2012 alone, covering
virtually every corner of the Gulf (Figure 22). The Strait of Hormuz adds to the
threat level to marine fauna as it forms a narrow strategic link between the oil
and gas fields of the Gulf and the Gulf of Oman and Indian Ocean. It is roughly

50 to 80 km wide, but navigation is limited to two 3 km-wide channels, each
exclusively used for inbound or outbound traffic. Some 17 million barrels of oil are
transported through the Straits on any given day aboard some 14-15 tankers. This
value does not include natural gas shipment, or general cargo, so the number of
vessels plying Gulf waters each day rises to several hundred.

Given cargo vessels are restricted to deep water channels, threats to turtles are
constrained to these areas. Over a period of two years, some 130 sea turtles were
killed by collisions with vessels along the coast of Queensland in Australia, where
Hazel et al. (2007) demonstrated that slowing ship speeds decreases vessel
collisions with sea turtles, but also noted the limitations to this practice with larger
vessels. It is unlikely that shipping speed restrictions in the Gulf would be practical
(although electronic enforcement would be possible) but it is possible that the
development of specific navigation channels as exist within the Straits of Hormuz
might reduce the probability of turtle-shipping interactions.

=

=

Contrary to earlier expectations that Gulf hawksbills would inhabit clear-cut areas
that may be demarcated for some level of protection, the widespread dispersal of
hawksbills across the SW Gulf dictates that habitat protection options available

to managers will need to be carefully considered. Hawksbill foraging habitats are
predominantly located in shallow waters where commercial shipping is less of an
issue, but this is also where most traditional fisheries are located. Therefore it is
likely that curtailing industrial development in shallow water areas to maximise
foraging habitats for hawksbills, an evaluation of fishery activities for their impact
to hawksbills, and constrained shipping lanes may substantially improve the
conservation outlook for sea turtles in the Arabian region. Regardless of what
specific form these measures take, there should be a concerted effort by industry
and government to implement best practice guidelines and ensure environmental
impact assessments are thoroughly conducted.

Turtle Track : Kishi

L]

o

Cosprymigh! WA Loraraama laurg Biiite

Figure 22: Subset of AIS shipping data for the Gulf, Gulf of Oman and Arabian Sea for
2012. Each red dot is a location fix for one vessel with a total of ~21,500,000 fixes.
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The results from this project provide the first evidence of temporary summer
emigration thermoregulatory responses among Gulf turtles, reveal migration
pathways and a critical bottleneck at Ras Al Hadd, the easternmost point of the
Arabian peninsula; identify locations of foraging grounds and clustering of these

in the SW Gulf and close to Masirah island in Oman, and determine the proportion
of time spend at various reproductive biology life stages for critically endangered
hawksbill turtles. These data can now inform management agencies and conservation
practices in a region home to one of the most climate-challenged marine habitats on
the planet, subject also to immense urban expansion, shipping and petrochemical
industry pressures, and which supports large nesting and foraging populations or
endangered sea turtles.

« Project results demonstrated that hawksbill turtles in the Arabian region likely
nest an average of three times and up to a maximum of six times each season,
devoting slightly over 6% of their time to nesting activities and a similar amount
of time migrating from nesting areas to foraging grounds. They inhabit foraging
grounds for about 70% or more of their time.

« Gulf turtles spend around 15% of their time in thermoregulatory summer loops out
into deeper and cooler waters. This thermoregulatory response was not noted in
Omani turtles, likely as Indian Ocean waters do not experience the severe warming
that occurs in the Gulf.

« Turtles in the Gulf occupy important areas in the southwest reaches shared by Abu
Dhabi (UAE), Saudi Arabia and southern Qatar.

» Omani turtles migrate further than Gulf turtles, SE from Daymaniyat and then SW
along the mainland coast to inhabit a small region close to Masirah island, and a
second site further down at Quwayrah.

These results present the first comprehensive understanding of post nesting
migrations, foraging grounds and behaviour by hawksbill turtles in the Arabian
region. These results will be used by government and conservation agencies in spatial
formats compatible with Global Information Systems enabling risk assessments

for turtles in the face of urban and industrial development, climate change, fishery
pressure, shipping and oil and gas development, and for developing strategic
management initiatives targeted at the Important Turtle Areas (ITAs). These risk
assessments will further highlight the overlaps between important turtle habitat and
the varied threats in the Arabian region (sensu Grech & Marsh 2007) and provide

a pathway for prioritising Important Turtle Areas for dedicated conservation and
management action. Given the opportunities which exist for the use of these sorts

of information, such as the development of Marine Protected Areas (Schofield et al.
2013), the project team envisions these data supporting the designation or expansion
of existing protected areas to safeguard the various marine life stages of turtles, and
build on the current wide spread protection of turtles at their nesting sites.

With this newfound understanding of turtle habitat use in the Gulf and temporary
displacement during summer months, coupled with the widespread distribution of
turtles throughout the SW basin of the Gulf, management and conservation strategies
will need to be flexible and adaptive. It will also need to draw on exiting marine area
protection, fisheries management and shipping regulations, industrial activities

and coastal and sea-bed modification and development, while adapting these to the
hawksbill turtle spatial and temporal movement patterns. These new findings may
be used to identify important areas for hawksbills in the Gulf, and we hope these
findings will accelerate the consideration of additional protected or managed marine
areas and measures which will provide refuge to marine turtles at their varied life
stages.
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5.1 Potential Conservation / Management Areas

Conservation of marine areas presents vast challenges. They are often remote,
problematic to delineate and regulate, and access is often limited given logistics

of maritime travel. Confounding this marine species are not confined to small
areas but rather spread over large areas which often prove impractical to conserve.
And yet conservation of habitats to protect individual species have shown great
promise in recent history. Australia’s Great Barrier Reef World Heritage Site,
alongside the Papahanaumokuakea Marine National Monument in Hawaii, USA,
are among the world’s largest marine reserves, and examples of large marine areas
which protect key marine megafauna. While protection of the lower SW corner

of the Gulf is potentially feasible and would be able to address fishery pressures,
the international nature of shipping that takes place through these waters

might prove more problematic. Regional collaboration will be required which
overcomes political boundaries and National jurisdictions for such a measure to
come into effect. However, at the National level, the following areas are potential
considerations for conservation:

« In Iran, the internesting areas surrounding Sheedvar and Busheir nesting areas;

« In Oman, the waters between Masirah and the Omani mainland, and the waters
off Quwayrah;

« In Qatar, the waters off the NE coast between Ras Riken and Fuwairit, the
waters surrounding offshore reef areas to the east of Doha, and the waters off
Khor Al Udaid in the South; and,

« In the United Arab Emirates, an expansion of the Bu Tinah — Marawah
Biosphere Reserve to include the waters down to Abu Ali Abyad and westward
to the Saudi Arabian border.
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ANNEX A =

TRACKING MAPS OF EACH INDIVIDUAL TURTLE BY
COUNTRY.

Iran

Oman — Damaniyat Islands
Oman — Masirah Island
Qatar

United Arab Emirates
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Date # of Days / Proportion of Time

A N N EX B Qatar 105847 Fuwairit 29 Apr 11 29 Aug 11 20 17%

Country Rookery Deployed Nesting Migrating Feeding Summer
3 3% 53 45% 43 36% 119
105848 Ras Laffan 30 Apr 11 12 Dec 12 32 5% 9 2% 441 75% 103 18% 585
105849 Fuwairit 26 Apr 11 21 Apr 13 27 4% 9 1% 630 88% 53 7% 719
73008 Fuwairit 09 May 11 17 Aug 12 11 2% 8 2% 371 81% 69 15% 459
INDIVIDUAL DEPLOYMENT DATES AND SITES o | i | i [ | o | a e | | |
) | 73014 Fuwairit 10 May 11 06 Nov 11 27 15% 13 7% 35 20% 103 58% 178
73015 Fuwairit 09 May 11 11 Nov 12 24 4% 3 1% 441 82% 73 14% 541
N U M B ER U F DAYS AN D P RU P U RTI U N 0 F TI M E 73016 Ras Laffan 20 May 11 18 Oct 11 18 6% 5 2% 214 71% 63 21% 300
Iran 105854 Nakhiloo 09 May 11 20 Feb 13 2 0% 26 4% 520 81% 92 14% 641
S P E NT I N EA[H AtT I V I TY 105855 Nakhiloo 09 May 11 06 Sep 11 10 9% 31 26% 30 26% 46 39% 117
° 105856 Nakhiloo 09 May 11 03 Aug 12 3 1% 11 2% 436 97% [} 0% 450
105857 Nakhiloo 10 May 11 04 Jun 12 8 2% 22 6% 222 57% 136 35% 388
Turtles which did not complete the migration and settlement at foraging grounds 105858 | Nakhiloo | 10Mayn | uNovi | 15 8% 1 6% 157 86% o 0% 183
and excluded from time allocation calculations. 2012 Oman | 115249 = Daymaniyat# = 19Apri2 | 12 Dec12 1 0% 44 19% 180 80% o 0% 225
115250 | Daymaniyat# 19 Apr 12 06 Dec 12 17 8% 45 20% 161 72% o 0% 223
# - Excluded from calculations for summer migrations. o | Dyl | mAwm | commwe || % = e p— 83% o = o
115252 | Daymaniyat# 21 Apr 12 06 Sep 12 17 12% 37 27% 84 61% o 0% 139
Date 115253 | Daymaniyat# 21 Apr 12 18 Dec 12 39 16% 19 8% 183 76% o 0% 241
Country Rookery Deployed Nesting Migrating Feeding Summer 115254 Masirah# 23 Apr 12 i B i ® 0% 27 12% 196 88% ® 0% 203
1999 UAE 10511 Quernain 11 May 99 28 Nov 99 o 0% 7 3% 110 56% 79 40% 196 Po— N Py P —— o o% 5 % p— 99% o e p—
10512 Quernain 11 May 09 18 Mar 0o 15 5% 8 3% 186 61% 95 31% 305 e Masirahs o ) 66 Az 26 21% 2 % - 4% o 0% 196
2007 Oman 74305 | Daymaniyat# 10 May 07 | 30 Dec 07 34 15% 16 7% 180 78% o 0% 230 115257 Masirah*# 24 Apr 12 o7 Jul 12 o 0% 3 4% 68 96% o 0% 71
PZED || DEpmeniEs MO CY 2OREpCY O < &g 56% i 37% ° o 121 115258 Masirah# 24 Apr 12 04 Sep 12 o 0% 4 3% 125 97% o 0% 129
2010 Iran 52975 Sheedvar 19 Apr 10 05 May 13 35 3% 23 2% 1053 95% [} 0% 1111 118976 Masirahs 31 May 12 Y . 1% i 16% 82 83% o o% 08
52976 Sheedvar 19 Apr 10 28 Sep 11 22 4% 16 3% 453 87% 31 6% 522 UAE e Jebel Ali oo Ly 06 May 13 - 0% - % . 67% = 20% 368
Ly Bl BATI® BEPL 22 15% & Loz & 25% 63 2 s 115260 Sir Bu Nair 02 May 12 30 Apr 13 15 3% 4 1% 356 76% 92 20% 466
52978 Sheedvar 19 Apr 10 13 Jun 11 10 2% 20 5% 286 69% 96 23% 413 e Sir Bu Nair By ® 08 May 13 29 5% 8 2% am 4% 89 10% e
2 Sl PEGEE SodEllm & Zx 10 2% 420 D ° o 464 115262 Sir Bu Nair 03 May 12 01 Sep 12 26 22% 6 5% 31 27% 54 46% 117
s 5208l el A Sy 1o BEERID & 3% & & 120 wE & i3 ) 115263 Sir Bu Nair 03 May12 | 08 May 13 40 9% 12 3% 318 68% 94 20% 464
52982 Sir Bu Nair 10 May 10 26 Apr 12 31 4% 5 1% 621 88% 51 7% 708 e o P Ny 12 R - — ® 0% % 0% a 0% -
52983 S IBRNELR OLEYE 25 Mar 11 5 5% 2 2 24 79% H i 312 115272 Zirqu 23 May12 | 08 May 13 1 0% 1 0% 308 81% 70 18% 380
52984 Sir Bu Nair 10 May 10 16 Nov 10 o 0% 17 9% 60 33% 108 58% 185 E— - PAlEy® | CRED o 8% 7 2% — 0% - 1% -
52989 Sir Bu Nair 10 May 10 03 Nov 11 7 1% 4 1% 408 76% 116 22% 535 ) i oy | By - 2% P % o 8% 7 7% %
Oman 529099 | Daymaniyat# 03 May 10 02 Mar 11 5 2% 55 19% 236 80% o 0% 296 Fp— - P — o7 May 13 - 2% 7 2% 261 50% 161 26% v
53002 | Daymaniyat# 03 May 10 o7 Feb 11 8 3% 33 14% 189 82% o 0% 230 115276 Zirqu 25May12 | 08 May 13 2 0% 5 1% 347 80% 78 18% 432
53003) Ravnan vl CsIMavaD CEURE ° 0% St 252 33 52 ° o @ 115277 Jebel Ali 22 May12 | 08 May 13 45 11% o 0% 290 70% 78 19% 413
53006 | Daymaniyat# Uy D 3 £ 22 & 259 S ° &3 26k 115278 Sir Bu Nair 26 May 12 27 Mar 13 32 1% 18 6% 205 68% 45 15% 300
53012 Davnaniaty Py godemm 0 &5 3 8 285 99% ° &3 258 115279 Sir Bu Nair 27 May 12 08 May 13 28 6% 11 3% 305 69% 98 22% 442
Qatar 53009 BEEihR TQUEYIQ CETVE 0 a3 b &3 100 B3 ot 45% 202 Qatar 115264 Ras Laffan 11 May 12 27 Nov 12 42 21% 5 3% 101 50% 52 26% 199
53010 Eupatit LN CoRio 0 o 4 9% i i ° R i 115265 Fuwairit 06 May 12 23 Mar 13 32 10% 69 22% 217 68% (0] 0% 318
53011 Ras Laffan 13 May 10 20 Jul 11 o 0% 155 37% 173 41% 93 22% 420 G Fuwairit oyMay12 | o7May13 & 7% o 3% o5 3% - 7% o
oY it By LoV ® o8 & Lo =7 G &S s Bl 115267 Fuwairit 08 May12 | 09 May 13 29 6% 2 0% 374 81% 55 12% 460
D L9 i e 23 Apr i1 13 i g 2 s Lo &7 el &Y 115268 Fuwairit 08 May 12 21Jan 13 28 11% 4 2% 177 70% 44 17% 253
2011 Oman | 105834 | Daymaniyat# 12 Apr 11 11 Oct 11 o 0% 24 14% 148 86% o 0% 172 p— Fuwairit e o — - 14% 6 7% — 5% 5 25% 238
105835 | Daymaniyat# 13 Apr 11 23 Jan 12 45 16% 24 9% 211 75% (o] 0% 280 e Fuwairit Oy R 3 2% % 25% - 73% o 0% -
105836 | Daymaniyat*# 13 Apr 11 04 May 11 o 0% 18 100% o 0% (0] 0% 18 p— Fuwairit 6 ey o — 6 2% 8 3% v 88% o 6% i
105837 Masirah# 17 Apr 11 25 Jun 12 o 0% 19 4% 402 96% (o] 0% 420 119858 Fuwairit P o) T ) o 7% 4 1% o 80% a 12% o0a
105838 Masirah*# 17 Apr 11 21 Jun 11 [} 0% 2 3% 56 97% ) 0% 58 - Ras Laffan* e — A o 45% 8 22% o 33% o o% 81
O DI 7Lyl CERUIRE 0 Sk 2 5% i 95% ° el i 119860 Ras Laffan 25 May 12 08 Aug 13 6 1% 28 6% 360 71% 115 23% 510
105841 Masirah# 17 Apr 11 26 Dec 11 o 0% 16 7% 225 93% o 0% 241 o Fuwairit e — —— - 7% s 2% e 83% - 8% 382
UAE 105842 Sir Bu Nair 21 Apr 11 24 May 12 25 6% 11 3% 325 83% 30 8% 390 Gulf Turtles e— 6.3% 4.0% 68.0% 20.4%
105843 Sir Bu Nair 21 Apr 11 28 Dec 12 o 0% o 0% 373 77% 113 23% 486 SD a5 6.17 T 1
105844 Sir Bu Nair 21 Apr 11 05 May 13 46 6% 162 20% 514 64% 83 10% 806 Minimum 0.0% 0% 20% %
105850 Quernain 01 May 11 25 Nov 12 17 8% 4 2% 134 60% 69 31% 224 Maximum 20.4% 26% 0% 58%
105851 Quernain 01 May 11 19 Aug 11 2 2% 13 12% 88 86% (o] 0% 103 Oman Turtles e 2.6% 12.7% 82.9%
105852 Quernain 09 May 11 04 Dec 12 28 5% 3 1% 360 63% 178 31% 568 SD oS 12.21 e N/A
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Qatar 105845 Fuwairit 27 Apr 11 16 Apr 12 23 7% 3 1% 253 73% 68 20% 347 Maximum 16.3% 56% 100%
105846 Fuwairit 29 Apr 11 26 Sep 11 42 29% 5 3% 41 29% 56 39% 144
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