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INTRODUCTION

Understanding the complex interrelationships be -
tween habitats and life-stage development in marine
turtles requires a priori an understanding of several
demographic parameters such as recruitment, size
and age at maturity, gender ratios, growth and sexual
development rates, survivorship and nesting proba-
bilities (Crouse et al. 1987, Chaloupka & Musick 1997,
NRC 2010). However, these studies require access to
turtles at sea, which is complex due to the wide geo-

graphic areas across which turtles disperse, the logis-
tical constraints of working in the marine environ-
ment, and the varied habitats turtles occupy at dis-
crete phases of their lives. While studies on these
aspects of turtle biology are generally on the rise (e.g.
Avens et al. 2013, Lopez-Castro et al. 2013, Casale et
al. 2014, Patricio et al. 2014, Colman et al. 2015),
there is no information on Arabian Gulf sea turtle sex
ratios in development and foraging grounds or on
age-class structure; nor are there any descriptions of
non-adult components of the populations. These data
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ABSTRACT: Knowledge of the interrelationships between habitats and life-stage development in
marine turtles requires an understanding of recruitment, size and age at maturity, sex ratios,
growth and sexual development rates, survivorship and nesting probabilities. These data may be
used to determine the status and survival of turtle populations during earlier life stages and for the
development of appropriate conservation strategies. We sampled in-water stocks of marine turtles
in coastal waters of Qatar using rodeo-style captures, entrapments in an industrial cooling intake
and opportunistic bycatch to determine species, size, gender and age class. Our results revealed
that Qatar is home to a resident population of small juvenile green turtles (<40 cm curved cara-
pace length, CCL) and a transient population of juvenile hawksbills (<25 cm CCL) at an approxi-
mate 7:3 ratio of green to hawksbill turtles. Hawksbills were male-biased (4M:1F) while green tur-
tles were slightly female biased (2M:3F). Given the extreme high ambient and water temperatures
in the Arabian Gulf, which may be considered a living laboratory for understanding climate
change effects on marine species, our results are not conclusive that elevated temperatures have
led to feminisation of marine turtle populations. We instead believe that there may be a regional
and/or evolutionary shift in the pivotal temperature that regulates ecologically appropriate sex
determination, which requires further investigation. Our data provide, for the first time, a descrip-
tion of the foraging marine turtle population structure in Qatari waters, and point to a need for
protection of seagrass beds, effective mitigation measures for sedimentation from coastal develop-
ment and rehabilitation of coral-reef habitats.
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are important for understanding the status and sur-
vival of turtle populations during earlier life stages
(NRC 2010) and for the development of appropriate
conservation strategies which target all life stages of
marine turtles.

Marine turtles generally disperse widely following
hatchling emergence (Hays & Scott 2013), occupying
neritic and oceanic habitats at varying life stages
(Bolten 2003). These habitats are broadly categorised
as juvenile nursery, juvenile development, adult for-
aging and internesting (or breeding) areas (Musick &
Limpus 1997), and each life-stage/habitat-use associ-
ation constitutes an important part of the complex life
history of marine turtles. Early stage dispersal is
broadly dependent on oceanography and meteorol-
ogy (Monzón-Argüello et al. 2012) influenced by sur-
face current patterns (Carr & Meylan 1980, Hays et
al. 2010), along with some level of directed hatchling
and young juvenile turtle movement (Putman &
Mansfield 2015). As juveniles mature, they recruit
from the pelagic zone to coastal foraging grounds
(Hirth 1997), such as coral reefs, seagrass beds and
rocky substrata, where they spend multiple develop-
mental years (Musick & Limpus 1997). The processes
driving this settlement are not fully understood, but
are likely linked to food availability. It is the hatch-
ling oceanic habitats and shallow nearshore benthic
habitats in which turtles spend long periods that are
least frequently targeted by research studies and
conservation action.

Turtles in nearshore habitats can be affected by
coastal development, reclamation, pollutant runoff
and vessel traffic, among other factors (Lutcavage et
al. 1997). Overshadowing these, bycatch in commer-
cial and artisanal fisheries is one of the greatest
threats to marine turtles across the globe (e.g. Lewi-
son et al. 2004, Wallace et al. 2010b, Finkbeiner et al.
2011) due to the overlaps in fishery activity and mar-
ine turtle habitats. A subset of this threat, the small-
scale, coastal artisanal fisheries, can cause significant
declines in turtle populations, and are often those
least addressed by conservation interventions (Koch
et al. 2006, Peckham et al. 2007).

Two marine turtle species nest in the Arabian Gulf
(also known as the Persian Gulf and hereafter re -
ferred to simply as the Gulf): the hawksbill turtle
Eretmochelys imbricata and the green turtle Chelo-
nia mydas. At a global level, hawksbills are listed as
Critically Endangered (www. iucn redlist .org/ details/
8005/0) on the International Union for Conservation
of Nature (IUCN) Red List™, following extensive
overexploitation for their carapace (to turn into jew-
elry or other artifacts) and eggs. Green turtles are

listed as Endangered (www. iucn redlist .org/ details/
4615/0) following extensive harvests for their fat,
meat and eggs. At the regional management unit
level (Wallace et al. 2010a), these 2 species appear to
be stable, with no widespread evidence of decline.

Some 1000 green turtles nest each year on islands
off Saudi Arabia (Miller 1989, Al-Merghani et al.
2000, Pilcher 2000) and <10 ind. yr−1 nest on islands
off Kuwait (Rees et al. 2013). More recently, green tur-
tles were recorded nesting in the United Arab Emi-
rates (UAE), although nesting population size remains
unknown (Al-Suweidi et al. 2012). Annually, some
500 hawksbill turtles nest on Saudi Arabian islands
(Miller 1989, Pilcher 1999), and a large but unquanti-
fied population also nests at several sites in Iran (Mo-
baraki 2004) and on islands off the UAE (Abdessalaam
2007). In Qatar, ~200 hawksbills nest annually at
Fuwairit, Ras Laffan and Halul (Tayab & Quiton 2003,
SCENR 2006), and while additional nesting sites have
been identified (SCENR 2006), nesting frequency is
unknown. Hawksbills also nest in small and unquanti-
fied numbers in Kuwait (Meakins & Al Mohanna 2004).
Loggerhead turtles Caretta caretta have infrequently
been recorded, mostly as strandings (Gasparetti et al.
1993), as have a handful of leatherbacks Dermochelys
coriacea (Al-Mohanna & Meakins 2000) and 1 olive
 ridley Lepidochelys olivacea (Bishop et al. 2007), but
these species do not nest in the Gulf. The leatherback
and olive ridley are considered strays, but mounting
evidence of loggerhead presence (records from our
current work, un published satellite tracking data
from Oman and records by Ras Laffan Industrial City,
RLC) suggests there may be a foraging population
resident off the northern shores of Qatar and Bahrain
that originates from Oman.

Qatar’s nesting turtles have been under study and
protection for the last decade. In 2002 and 2003, the
Science and Research Center at Qatar University
identified several key nesting beaches, including
those inside Ras Laffan Industrial City (M. A. Al-Ansi
pers. comm.). Simultaneously, surveys were initiated
inside Ras Laffan City to identify and mark nests
(Tayab & Quiton 2003), and those efforts continue to
present. In 2004, the Supreme Council for the Envi-
ronment and Natural Reserves implemented a study
to determine the status of marine turtles and their
habitats in Qatar (SCENR 2006), and following this,
marine turtles were mainstreamed into on-going
conservation initiatives. The beach at Fuwairit has
been protected each season since then by the Min-
istry of Environment and Qatar University, and those
inside Ras Laffan City and on Halul Island are under
the protection of Qatar Petroleum.
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While much is known about nesting sites in the
Gulf and specifically in Qatar, until recently little
effort had been invested in studying turtles at sea
and determining the spatial extent of at-sea habitats
for the various life stages of the resident populations.
Pilcher et al. (2014a) identified important turtle areas
for adult female hawksbill turtles in the Gulf follow-
ing extensive satellite tracking studies, which re -
vealed that nesting hawksbills using Qatar beaches
settled on reef areas some 20 to 30 km off the NE
coast of the peninsula, a few isolated reef patches
some 50 to 60 km east of Doha, close to Zikreet
Peninsula in the west, and close to the mouth of Khor
Al-Udaid to the south (Fig. 1). Rees et al. (2013) doc-
umented foraging habitats for green turtles after
tracking 2 post-nesting females and 2 rehabilitated
adult-sized green turtles from Kuwait, revealing for-
aging grounds off the Saudi Arabian mainland and
off Kuwait. There has also been extensive tracking of
both green and hawksbill adult female turtles from
the Saudi Arabian islands (Miller et al. in press, A. Al
Mansi unpubl. data) and 4 hawksbills from Kuwait
(A. F. Rees et al. unpubl. data), along with additional
on-going tracking of green and hawksbill turtles in
Qatar.

Hawksbills are circumtropically distributed among
coral reefs and are generally spongivorous (Meylan
1988), although spongivory is not always the norm
(Andares & Uchida 1994, León & Bjorndal 2002). As

adults, green turtles are herbivorous and generally
forage among shallow seagrass beds (Hirth 1997). As
juveniles they are typically more omnivorous, occu-
pying a variety of coastal habitats (e.g. Pendoley &
Fitzpatrick 1999, Fuentes et al. 2006, Arthur et al.
2008). Off Qatar, these habitats were historically
abundant and healthy (Rezai et al. 2004, Erftemeijer
& Shuail 2012), but more recently have become de -
graded due to intense coastal development. Seagrass
beds along much of the coast are heavily silt-laden,
coral reefs have been lost to a large extent following
bleaching episodes in 1998 and 2002 (Wilson et al.
2002), and harmful algal blooms periodically blanket
shallow-water habitats, impacting benthic habitats
and fish stocks (Al-Ansi et al. 2002). Only the off-
shore reefs around Halul and other islands remain in
better condition, likely due to the deeper waters and
the lack of coastal development effects.

Green and hawksbill turtles occupy a relatively
narrow water temperature range distributed broadly
through the tropics, and key green and hawksbill
habitats experience sea surface temperatures typi-
cally ranging from 22 to 30°C (e.g. Nodarse et al.
1998, Diez & van Dam 2002). At latitudinal extremes,
temperatures can drop to ~18°C (e.g. Ross 1981) and
can reach up to 32°C (Whiting 2000), although turtles
are infrequently found at these extremes for ex -
tended periods.

In addition to stresses induced by degraded coastal
habitats and nutrient limitations, turtles in Qatari
waters are at the extreme northern limit of their
range, withstanding rapid temperature fluctuations
from lethally high temperatures (up to 35°C) during
summer months and stunning cold temperatures (as
low as 15°C) during winter months (Pilcher et al.
2014b). Limited incubation temperature data also
suggest that eggs in Qatar develop at or above 34°C,
at the higher extremes of thermal tolerances (SCENR
2006). The combination of living under extreme cli-
matic conditions and increasing anthropogenic im -
pacts has the potential to undermine survival prospects
for marine turtles of Qatar, as residence at these
extreme foraging habitats is influenced by food avail-
ability and competition and compounded by environ-
mental stress.

Nesting hawksbills have been documented in Qatar
(SCENR 2006, Pilcher et al. 2008), and herein we pro-
vide an initial depiction of the foraging and develop-
ment stage turtle populations in Qatar with respect to
demographics, abundance, gender ratios and popu-
lation structure. Our findings will benefit regional
and national management authorities, allowing them
to determine how turtle populations will be influ-
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Fig. 1. State of Qatar and key sampling sites. Shaded areas ( )
depict approximate locations where sea turtles were captured 
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enced by various natural and anthropogenic stresses,
and custom tailor conservation strategies in keeping
with the natural biology of the species. The findings
are also of global value in understanding marine tur-
tle population demographics under extreme climatic
conditions.

MATERIALS AND METHODS

This study focused specifically on developmental
and foraging turtles and, therefore, purposely avoided
sampling nesting adults via timing of the sampling
periods. The foraging turtles were acquired from 3
sources: rodeo-style captures, incidental fishery cap-
tures and from the common water intake at RLC.

In-water captures were carried out from a number
of shore-based access points spread around the
northern two-thirds of Qatar (shaded areas, Fig. 1).
The southern third of the country was inaccessible
due to permit limitations. Field sampling sessions
spanned mid-February to mid-March and mid-
October to mid-November between October 2013
and March 2015. Fieldwork was timed to coincide
with foraging and developmental periods, rather
than the peak of the nesting season, to eliminate
population structure bias by breeding individuals
that nest between May and July. Search methodol-
ogy followed that used by researchers in Queens-
land (Limpus & Reed 1985, Limpus et al. 1994) and
Malaysia (Pilcher 2010), whereby rodeo-style cap-
tures were conducted from a ~5 m boat with a 50 hp
engine, weaving in and out from the shallowest
navigational waters (ap proximately 20 cm) to deeper
waters (approximately 2.5 m) where it was no
longer possible to clearly see the bottom or where
divers could not reach the turtles. Two observers
searched for turtles, and when a turtle was spotted
it was chased until it was either captured or lost.
The time and location of collection were recorded
using a Garmin 585 12-channel GPS chartplotter.
Capture selections were made without regard to the
size or species of the turtle.

While field sampling was ongoing, the inflow skim-
mer screens at the common cooling water intake at
RLC were periodically checked for accumulation of
debris and the presence of marine turtles. When tur-
tles were encountered, they were extracted by lower-
ing a weighted basket into the access chamber and
positioning it under the turtle, before gently lifting
both to the surface. The time and date at which these
turtles were collected were recorded alongside a
standard location for the common water intake

(25.9250° N, 51.5461° E). Ras Laffan turtles were
released immediately adjacent to the Industrial City.

During the field sampling sessions, fishermen at
various ports were also requested to return any live
turtles that they encountered in their nets to the
research team, under special permit from the Qatar
Ministry of Environment. The locations and timing of
the captures were approximated following discus-
sions when fishers returned to port. These turtles
were subsequently released at a point along the
shore nearest to the offshore capture areas.

All turtles were tagged once using titanium or
monel tags (dependent on turtle size) in the axial
position on either of the front flippers, weighed on a
Salter spring balance (±0.1 kg for turtles < 25 kg,
±0.5 kg for turtles >25 kg), and measured by 2 differ-
ent people for curved carapace length (CCL; ±0.1 cm)
using a flexible fibreglass tape measure. Tissue sam-
ples were also taken using 4 mm one-time-use
biopsy punches for subsequent genetic analysis and
determination of natal origin.

Turtles were then examined for obvious signs of
injury or sickness, following which they were exam-
ined internally to determine sex and age class using
a BAK 5 mm or 3 mm 30° laparoscope (dependent on
turtle size) inserted into the peritoneal cavity. During
laparoscopic examinations, turtles were held in dor-
sal recumbency, tilted head down, and air was occa-
sionally pumped into the body cavity to allow better
visualization of internal organs. Turtles were scored
for gender and appearance of gonads (oviduct size
and shape, colour of ovaries in females; testes size
and colour and shape of epididymis in males). Fol-
lowing laparoscopic examination and air expulsion, 2
sutures using self-dissolving catgut were used to seal
the 5−8 mm incision, and the turtles were carefully
returned to the sea.

Physical environmental data used to describe the
marine environment included sea surface tempera-
ture (SST), and wind direction and ve locity. To exam-
ine relationships with prevailing wind patterns,
hourly observation data for 41 weather stations within
100 km of Qatar were accessed via NOAA’s National
Climatic Data Center (NCDC) for March 2013 to
March 2015. SST data comprised 9 km pixel (0.1°
pixel−1) resolution standard-mapped (Level-3) weekly
composites via the NOAA OceanWatch - Central
Pacific (OWCP) data portal (http:// oceanwatch. pifsc.
noaa.gov). The consecutive SST data were generated
by averaging 3 h global swath (Level-2) granules
provided by NOAA NESDIS containing merged
global polar orbiter satellite data (AVHRR-GAC and
Metop-1/2).
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RESULTS

In total, 107 turtles were captured or collected dur-
ing this study. Of these, 60 (56.1%) were caught via
rodeo-style captures; 38 (35.5%) were collected from
the cooling water intake; and 9 (8.4%) were caught as
bycatch by local fishermen. The rodeo capture rate
was considered small to moderate given the 157.5 h of
effort, representing only 0.375 turtles h−1. The Ras
Laffan cooling water intake turtles
were collected over 64 d while the
team was in the country, an in cidence
rate of 0.594 turtles per sampling day.
We were un able to estimate a level of
effort for the fishing aspect of this
study, as turtles were provided to us op-
portunistically. Importantly, however,
these data reveal a low overall density
of turtles resident in Qatar’s shallow
(<3 m) coastal habitats.

Captures comprised 75 green turtles
(70.1% of all captures), 31 hawksbill
turtles (29.0%) and 1 loggerhead
(0.9%). There were substantial differ-
ences in species composition by cap-
ture method, whereby rodeo captures
were biased to green turtles, as were
bycatch incidences, while cooling
water intake captures were hawksbill-
biased (Table 1). A number of the
hawksbills were emaciated or heavily
covered in barnacles, suggesting a
degree of cold-stunning and weak-
ness, and rodeo-captured hawksbills
appeared lethargic. In contrast, most
green turtles generally appeared
healthy and were energetic swimmers
when chased during rodeo captures.

The coastal turtle population com-
prised mostly small, development-
stage turtles (Fig. 2). The majority of
turtles were classified as juveniles
(103 of 107, or 96.3%) via laparoscopic
examination: males were identified via
smooth testes and undeveloped epi-
didymis; females via granular ovaries
and narrow (0.5−1.0 mm) oviducts.
Juvenile green turtles averaged 33.9 cm
CCL (SD = 6.53, range: 23.3−54.4, n =
73), while juvenile hawksbills were sig-
nificantly smaller (t = 8.936, p < 0.001)
and averaged 21.1 cm CCL (SD = 6.76,
range: 10.0−40.3, n = 30).

Only 2 turtles were classified as sub-adults: one
was the single loggerhead, a sub-adult female (par-
tially convoluted 5−6 mm oviduct; 68.5 cm CCL), and
the other was a sub-adult male green turtle (partially
ridged epididymis; 61.1 cm CCL). Two other turtles
were classified as adults: a female green turtle (inde-
terminate reproductive history; 103.2 cm CCL) and a
reproductively active hawksbill male that was cap-
tured after mating (72.2 cm CCL).
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Species                                               Rodeo-style      RLC      Bycatch    Total

Green Chelonia mydas                             52                16             7            75
Hawksbill Eretmochelys imbricata          8                22              1            31
Loggerhead Caretta caretta                     0                0             1            1

Table 1. Breakdown of turtle capture method and species in coastal waters of
Qatar, 2013 to 2015. RLC: Ras Laffan Industrial City, where turtles were col-

lected from inflow skimmer screens at the common cooling water intake
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Turtles with clean unscratched cara-
paces and a general absence of barna-
cles were assumed to have recently
recruited into coastal foraging habitats
(sensu Limpus & Limpus 2008). We
were able to estimate recruitment sta-
tus for 90 of the 102 juveniles; the re -
maining 12 were barnacle-encrusted,
so their recruitment status was unclear.
Slightly over one-third of the juveniles
(35.9%) were classified as new re -
cruits, and virtually all were green tur-
tles (32 of 33 new recruit juveniles).
There was no significant difference in
CCL between green turtle new recruits
and green turtles that appeared more
settled on foraging grounds (t = 0.899,
p = 0.371).

Laparoscopic examinations revealed
that there were opposite gender biases
in green and hawksbill turtles, with
green turtles being somewhat female-
biased with a proportional ratio of 70F:
30M, and hawksbill turtles being male-
biased (79M:21F). The overall sex ratio among all
turtles and species was slightly female-biased at
57F:43M (Fig. 3). A higher proportion of male hawks-
bills was caught in the common water intake.

Climatic conditions in the Gulf in the vicinity of Qatar
were characterised by light to medium strength
winds blowing predominantly and year round from
the NNW (Fig. 4), warm sea temperatures during the
summer months of May through August and cold
waters during the winter months (November through
February). Wind patterns were generally consistent
across 34 sampled stations within 100 km of Qatar,
and we selected 4 key locations in Qatar to show that
wind patterns were predominantly from the north
and northwest, and to demonstrate the minimal
effect from ground elevation (Qatar’s maximum ele-
vation is only +64 m above mean sea level) along the
eastern coast, where most of the turtles were encoun-
tered. At Ruwais, the northernmost station in the
country, the vast proportion (78.0%) of winds meas-
ured between 5 and 15 knots (with an average wind
direction of 322°). Progressing southward, this trend
weakened only slightly, with 73.6% of wind measur-
ing 5 to 15 knots and with mean bearing 339° at Al
Khor; 78.8% and mean bearing 351° at Doha; and
74.3% and mean bearing 346° at Khor Al Udaid
(Fig. 4, refer to Fig. 1 for locations). These wind pat-
terns suggest that turtle hatchlings and floating small
juveniles, along with small, debilitated, cold-stunned

turtles, are likely driven south and SSE with prevail-
ing winds.

SSTs averaged 21.4°C during winter months (SD =
3.13°C, range 15.2−29.2°C), and 30.7°C during sum-
mer months (SD = 2.17°C, range 20.7−34.9°C). Possi-
bly more importantly, temperatures in the winter re-
mained below 20°C for 40% of the 4 mo period), while
temperatures in the summer remained above 30°C for
64% of the 4 mo period. Qatar’s 2 turtle species (green
and hawksbill) thus spend prolonged periods in water
temperatures outside the thermal limits experienced
by conspecifics elsewhere across their global range.

DISCUSSION

Our findings have demonstrated that Qatar’s waters
serve as habitat for predominantly juvenile green
and hawksbill turtles, and have also re vealed the
presence of a small number of loggerhead turtles.
Green turtles were slightly female-biased while
hawksbills were male-biased, and while green tur-
tles appear to be year-round residents, it is possible
the hawksbills are either short-term visitors or driven
onshore by currents and wind as debilitated, cold-
stunned turtles. Few adults were recorded outside of
the nesting season, indicating that they visit Qatar
only to deposit eggs and depart thereafter for alter-
nate foraging grounds.
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Successful conservation requires that marine turtles
be protected throughout their life cycle, rather than
just those animals on nesting beaches. Marine turtles
spend only small portions of their lives on nesting
beaches: adult females spend a few hours laying
eggs, the eggs develop in about 2 mo, and then emer-
gent hatchlings cross the beach in minutes, repre-
senting a small proportion of lives that generally
span upwards of 5 decades. Much greater conserva-
tion efforts are required in development and foraging
habitats, focusing on these non-nesting life-stages.
This necessitates understanding the temporal use
and purpose of these marine habitats.

Holistic conservation requires an understanding of
population structures, including which adults are
linked to particular juvenile and sub-adult stocks;
linkages between habitats (which nesting beaches
are associated with known foraging or development
grounds); habitat use (which turtles use which habi-
tats and when); and insight into the physical and bio -
logical processes that drive these linkages (oceano -
graphy, temperature gradients, availability of prey
and forage resources). Recently the US National
Research Council (NRC 2010) concluded that study-
ing these interrelationships is at the heart of improv-
ing marine turtle population assessments; further, it
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Fig. 4. Predominant wind speeds (in knots) and directions around Qatar, 2013 to 2015. See Fig. 1 for locations
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is crucial for populating life history models (Crouse
1999).

In the Gulf, climatic conditions and the resultant
impact of climate on foraging ground productivity
are likely to be the major determinants of habitat
selection and use. Recent studies have suggested
that while hatchlings may swim purposefully (Put-
man & Mansfield 2015), adult marine turtles may for-
age in areas to which hatchlings passively disperse
(Hays et al. 2010), driven by winds and surface cur-
rents (Musick & Limpus 1997). Predominant currents
in the Gulf generally move counterclockwise (Fig. 5),
and prevailing winds during this study (and also over
long-term records) were from the north and north-
west. The combination of these factors is likely to
drive hatchling dispersal in a south to southeast
direction from the northern (Saudi Arabian) and east-
ern (Iranian) rookeries.

The only sizeable green turtle rookery in the Gulf
lies some 220 km NNW of Qatar on Saudi Arabia’s
Karan and Jana islands (Miller 1989, Pilcher 2000).
Adult turtles from this stock have been recorded for-
aging off Ras Al Khai mah in the UAE (Abdessalaam
2007), and a handful of tag returns have been re -
corded in Oman, but the bulk of the Saudi green tur-
tle adult stock likely re sides entirely within the Gulf,
as only limited movements of green turtles have been
reported entering and departing the Gulf via the

Straits of Hormuz (Abdessalaam 2007, Oman Min-
istry of Environment and Climate Affairs pers. comm.).
We believe, given predominant wind patterns which
drive hatchlings south to SSE, that the small juvenile
green turtles we have identified as resident foraging
and development stock in Qatar might constitute part
of this same population. This needs to be confirmed
via genetic studies, which are ongoing.

Hawksbill turtle nesting populations are more
widely distributed, but substantial nesting also oc -
curs in Saudi Arabia and along the coast of Iran, and
to a lesser degree in the UAE and Kuwait. Again,
given predominant wind velocities and oceano-
graphic circulation patterns, we believe that the
Qatar juvenile turtles likely originate from Saudi
Arabia or northern Iran. However, unlike in the case
of green turtles, we do not believe the hawksbill
juveniles constitute a resident foraging stock, given
the degradation of foraging grounds.

The Gulf experiences extreme water temperature
fluctuations where turtles exist at upper and lower
thermal lethal limits (Pilcher et al. 2014b), and wide-
spread coral bleaching events oc curred in 1998 and
2000 (Wilson et al. 2002). These conditions have caused
widespread degradation of coral reef areas, while
unprecedented coastal development has de graded
coastal seagrass beds. Major coastal developments in
Qatar over the last decade alone include the Ras Laf-

fan Port Expansion, the New Doha
International Airport, the New Doha
Port, The Pearl-Qatar development,
the Lu sail De velopment Project and
the Messaid Port Expansion Project,
totalling over 10 000 acres (~4047 ha)
of coastal landfill and hundreds of mil-
lions of m3 of dredged material. Qatar’s
coastal areas still comprise substantial
(albeit de graded) seagrass habitats
(SCENR 2007), but no longer support
healthy reef habitats that might have
supported hawksbill turtles, except in
the vicinity of offshore islands.

The smaller of the development-
stage hawksbills we encountered in
this study were often heavily barnacle-
encrusted, emaciated and/or covered
in filamentous algae. Upon laparo-
scopic inspection, the body wall was
found to be thin, and the intestines
rarely distended (which would other-
wise reflect healthy foraging activity).
In contrast, the green turtles ap peared
mostly healthy and well nourished.
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There was also a significant difference in sizes be -
tween green and hawksbill juveniles (t = 8.936, p =
0.0000), with green turtles all being substantially
larger (34.0 cm CCL) than hawksbills (21.1 cm CCL),
suggesting that green turtles might recruit as small
juveniles, feed and grow, while hawksbills may be
more transient in nature at a younger life stage (pos-
sibly as 1- or 2-yr olds), and settle elsewhere to grow.
Unlike the remnant seagrass pastures inhabited by
green turtles, forage material for hawksbills in Qatar
coastal waters is scarce following coastal sedimenta-
tion and extensive coral bleaching, which has led to
an overall decline in ecosystem function on coral
reefs (Wilson et al. 2006), limiting foraging options
for hawksbills. There was also variation in species
composition across capture methods: Hawksbills
were most abundant in the Ras Laffan cooling water
intake, where they most likely entered as floating
turtles (and were thus filtered out by the skimmers),
whereas green turtles were more commonly found
during rodeo captures, which spanned a wide range
of coastal habitats, and where hawksbills were rarely
encountered. Indiscriminate bycatch records were
also green turtle-biased, further reinforcing this notion.

Interestingly, there was no significant difference
be tween sizes of new green turtle recruits and those
of resident green turtle juveniles (t = 0.899, p = 0.371).
Satellite tracking data of many of these green juve-
niles indicate that they are resident for periods last-
ing up to 1 yr (authors’ unpubl. data), and we have no
reason to suspect that they would move off shortly
thereafter. Therefore, we believe that these turtles
may reside in Qatar’s waters for at least a few years.
The varying sizes might reflect differential recruit-
ment ages for green turtles at this site, or simply ex -
tremely slow growth rates once these turtles recruit
to the more northern and diet-restricted coastal
waters of Qatar. With continued coastal degradation
and no remediation efforts, limiting factors such as
these could further limit growth and delay sexual
development in Gulf green turtles.

Climate change may also impact marine turtles in a
variety of ways, including habitat availability and
nesting success, nesting timing and periodicity, incu-
bation success, gender ratios and hatchling fitness,
among others (Hamann et al. 2007, Hawkes et al.
2007, Witt et al. 2010, Fuentes et al. 2013, Pike 2013).
Modelling of the potential impacts of climate-related
changes on marine turtles suggests that sex ratios,
which are temperature dependent, may change and
possibly become female-biased (Hawkes et al. 2007,
Witt et al. 2010). The Arabian Gulf already experi-
ences temperatures such as those projected by IPCC

scenarios (Pilcher et al. 2014b) and thus can be
likened to a living laboratory showing how marine
turtles might cope in the face of climate change.

However, given the concerns over climate change,
our findings do not currently indicate any feminisa-
tion of populations with warming climates and
warming sea temperatures, as the hawksbill popula-
tion we sampled was actually male-biased (4 M:1 F),
and the green turtle population was not overly female-
biased. Indeed, our findings were lower than a num-
ber of similar studies, such as the 1 M:3 F ratio
recorded for green turtles in Florida, USA (Sanchez
2007), the 1 M:3.2 F ratio recorded for juvenile green
turtles in Tubbataha, Philippines (Pilcher 2014), or
the ~1 M:3 F recorded for Shoalwater Bay and Clack
Reef, Australia (Chaloupka et al. 2004). While sub-
stantially more male hawksbills were caught in the
common water intake, we have no reason to assume
any sex-selectivity for any of the capture methods,
and suggest the greater number of males is reflective
simply of more males in the juvenile stock.

One aspect which might help explain the differ-
ence in sex ratios between species in Qatari waters
relates to timing of nesting in the Gulf region.
Hawksbills nest in May and June in Saudi Arabia, 1
to 2 mo earlier than greens (Pilcher 1999, 2000),
when temperatures have yet to reach the summer
extremes. As noted earlier, Saudi Arabia is a likely
contributor to the Qatar juvenile stocks given pre-
vailing winds and surface currents. The lower tem-
peratures during the middle third of incubation
which drive sex determination (Mrosovsky & Pieau
1991) are likely to be substantially lower for hawks-
bills than greens, resulting in a higher proportion of
males. Given the paucity of data on nesting beach
temperatures and incubation temperatures for turtles
in the Gulf, we strongly recommend these studies be
conducted to confirm these assumptions.

While it is important to assimilate climate change
variables into conservation models and predictions
(Chown et al. 2010), evidence suggests that animals
may be able to physiologically adapt to climate
change impacts (Hoffmann & Sgrò 2011), and this
has already been documented in birds (Grant &
Grant 1993), beetles (Babin-Fenske et al. 2008), flow-
ers (Franks et al. 2007) and bacteria (Bennett et al.
1992), among other taxa. Our data suggest this may
also be the case for marine turtles, as populations in
the Gulf do not presently exhibit extreme sex ratio
biases as a consequence of warmer temperatures.
Teller (2010, p. 22) discussed the evolution of temper-
ature sex determination and its implications for spe-
cies such as sea turtles in light of climatic changes,
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noting that ‘[temperature sex determination] must be
adaptive with observable fitness effects’. We recog-
nise that marine turtle populations are influenced by
a range of pivotal temperatures (summarised by Ha -
mann et al. 2013), which vary by geographical range
and local ambient conditions, and we suggest here
that marine turtles may possess the ability to adapt to
rising temperatures, whereby the pivotal tempera-
ture may shift over (evolutionary) time. It is important
however, to note that while turtles may have adapted
to climate change, they may not be in a position to
adapt to current rates of climate change, and further
investigation in this area is  warranted.

To conclude, our study revealed that Qatar is home
to primarily small juvenile green and hawksbill tur-
tles, with roughly 3 to 4 times more greens than hawks-
bills. Based on local oceanography and meteorology,
climatic conditions, animal condition and habitat
health, we suggest that Qatar is home to a resident,
developmental stage population of green turtles, but
that hawksbills are likely younger transients and do
not occupy local foraging habitat as juveniles in large
numbers. Our data also show that outside of the nest-
ing season (April to July), very few larger adult-sized
turtles reside in Qatar’s waters, and we found an
extremely small number of sub-adult turtles, possibly
linked to environmental extremes and limited food
availability.

Our data demonstrate a ~2:1 female bias in green
turtles and a surprising (given local climate) ~4:1
male bias in hawksbills. At the same time, these
data also suggest that the warm climates of the Gulf
have not caused bias and feminisation of marine
turtle populations, and this may be a positive indi-
cation, in addition to behavioural responses noted
by Pilcher et al. (2014b), that marine turtles have
some capacity to adapt to climate change and rising
temperatures.

Our data provide, for the first time, a description of
the foraging marine turtle population structure in
Qatari waters, and point to an urgent need for rehabil-
itation of coral habitats and preservation/enhance-
ment of remaining seagrass beds, effective mitigation
measures for sedimentation from coastal develop-
ment and investigations into rehabilitation of coral-
reef habitat and ecological processes. Our findings
also contribute to the growing body of literature on
the biology and ecology of marine turtles of the Ara-
bian Gulf, and may feed into national and regional
management strategies such as reviews of Qatar’s
National Biodiversity Strategic Action Plan, the delin-
eation of Ecologically or Biologically Significant Mar-
ine Areas and/or incorporation into the Network of

Sites of Importance for Marine Turtles established by
the Memorandum of Understanding on the Conser-
vation and Management of Marine Turtles and their
Habitats of the Indian Ocean and South-East Asia.
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