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

Qaru (28.81528°N, 48.77698°E) is a roughly circular,
sandy island less than 300m in diameter surrounded by
coral reef. It is devoid of vegetation, but there is a small
coast guard station and communications pylon based
there. Sea turtle nesting occurs all around and over the
island. Umm Al Maradim (28.68168°N, 48.65258°E)
is approximately 0.55km long by 0.35km wide, again
surrounded by coral reef. Shrubs occur over most of the
island, especially behind the beach to the north east, and
a substantial coastguard station and harbour have been
constructed to the south of the island. Sea turtle nesting
is mainly confined to the 200m beach at the north east of
the island. Both islands are visited by dive operations and
day-trippers arriving in boats. These tourists often come
ashore to picnic and have barbeques on the beaches.
Hatching success data, the proportion of eggs that produce
hatchlings, are useful for understanding threats at nesting
beaches and recruitment to predict future population
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trajectories. Some data have been published on this topic
from around the region (e.g. Pilcher, 1999; Chatting et
al., 2018) however there is a general lack of published
clutch size and hatching success data for hawksbills in the
Gulf, which limits our understanding of fecundity of Gulf
populations and their conservation status. We aim to
partially address this lack through presenting the first data
on accurate clutch size and hatching success from Kuwait.
METHODS
Post-hatch nest excavations to determine hatching
success were carried out during field surveys in 2010,
2011, 2013 and 2014. Excavations were undertaken at
varying times (up to at least two weeks) following first
hatching due to the non-exhaustive survey regime.
We encountered hatchlings during excavations
that had not managed to naturally escape the nest.
To determine nest success parameters, exhumed
nest contents were characterised in line with Miller
(1999) as Shells (S; number of empty shells over, 50%
complete), Unhatched eggs with full term embryos in
the egg or pipping (UHT), Unhatched eggs containing
dead embryos (UH), Undeveloped eggs with no visible
sign of embryos (UD), Dead and Live hatchlings
still in the nest chamber (D and L respectively) and
yolkless eggs, which resemble small eggs but lack yolk.
Parameters were calculated using the formula below
(Miller 1999) and data summaries presented as mean ±
standard deviation.
Clutch size (CS) = S+UD+UH+UHT
Hatching success (HS%) = S/(CS)*100
Emerged hatching success (EHS%) = (S-D-L)/
CS*100

77.1±17.8 eggs (range 44-100 eggs, n=16) and each nest
contained an additional 12.5±8.3 yolkless eggs (range
2-26 eggs, n=16). Hatching success was 57.7±26.3%
(range 5.5-95.5%, n=16) and emerged hatching
success was 41.2±30.5% (range 4.2-87.2%, n=16).
Morphometrics were collected from two hatchlings
found on the beach in 2010 and a further 46 hatchlings
found alive in the nest during excavation in 2011
and 2013. Mean CCL of pooled data was 3.9±0.2
cm (range 3.7-4.3cm, n=48) and mean CCW was
3.6±0.2cm (range 3.0-4.0cm, n=48). There was a
positive correlation between CCL and CCW (Figure 1).
Weights were recorded for eight hatchlings encountered
on the beach, which had emerged from two nests, and 70
hatchlings found alive in the nest during excavation of six
different nests. Average weights did not differ significantly
between the two groups (excavation and beach;
W=248, p=0.604), so we pooled the results. Hatchlings
weighed on average 11.0±1.1 g (range 8.5-13.8g, n=78).
DISCUSSION AND CONCLUSION
Our mean CS and number of yolkless eggs (77.1 and
12.5 respectively) is in line with other populations in the
region (e.g. 70.2 and 17.1 respectively from Saudi Arabia
(Pilcher, 1999)), which is to be expected as hawksbills
within the Gulf have evolved and adapted to similar
environmental conditions in contrast to populations
outside the Gulf (Pilcher et al., 2014a; Chatting et al., 2018).

Hatchlings found alive in the nest at excavation had
Curved Carapace Length (CCL) and Curved Carapace
Width (CCW) measured using a flexible tape measure to
1mm and were weighed with either an uncalibrated Vastar
Pocket Digital Scale or a Tanita 1479V scale to 0.1g. Several
additional emerged hatchlings that were opportunistically
found on the beach were also measured and weighed. We
statistically compared hatchling weights between the two
groups (excavation and beach) with the Wilcoxon rank
sum test. Statistical significance was accepted at P<0.05.
RESULTS
A total of 16 nests were excavated. Eight nests were
processed in 2010, four in 2011 and two each year in
2013 and 2014. Twelve nests were excavated on Qaru
and four on UAM. Clutch size from pooled data was
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Figure 1. Relationship between curved carapace length
(CCL) and curved carapace width (CCW) for hawksbill
turtle hatchlings measured in 2010, 2011 and 2013.
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Average HS was low but variable, again similar to
Pilcher (1999), and included six nests with rates of
80% or higher. A larger sample size from any one year
would negate any sampling bias that may be present in
our current results. However, it is clear that even with
a small population, laying only a few tens of nests each
season in a very hot environment, lack of adult males
and clutch fertility is not yet an issue. However, the
number of males siring each new year’s cohort may
already be limited as only one adult male hawksbill has
been reported to be present in the waters around Qaru
for at least 14 years (Rees et al., 2013). The prognosis of
increasing global temperatures due to climate change
will increasingly female-skew hatchling production
unless sea turtles change their breeding phenology.
Contrary to the findings of Pilcher (1999) who found no
hatchlings during post-hatch nest excavations conducted
two to three days after first emergence, we found up to
36, both alive and dead, leading to our low and variable
EHS. The sand above one nest with poor emergence
success was blackened or scorched, which suggests
some sort of surface fire, possibly a tourist’s barbeque,
killed the hatchlings and term embryos below. Other
possible factors affecting either hatching or emergence
success were identified as roots infiltrating the clutch
and numerous stones and cement chunks (from decrepit
walkways and platforms) around nests. A full assessment
of the diversity of threats to eggs and hatchlings and their
impacts on hatching and emergence success is warranted.
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Although considered rare, leatherback turtles
(Dermochelys coriacea) are found throughout the Southern
West Indian Ocean (SWIO) and have been recorded in
Kenyan waters (Frazier, 1975; Zanre, 2005; Hamann et al.,
2006). The only known significant nesting of leatherbacks
in the region occurs at the Maputaland rookery in South
Africa and Mozambique (Nel et al., 2013; Pereira et al.,
2014). In Kenya, nesting has been recorded for green
turtles (Chelonia mydas), hawksbill turtles (Eretmochelys
imbricata) and olive ridley turtles (Lepidochelys olivacea)
at various places along the coast (Okemwa et al., 2004;
Olendo et al., 2017). One of these locations is the beach
of the Watamu Marine National Park (WMNP), which
is considered a key nesting site in Kenya (Okemwa et al.,
2004). The majority of the nests laid on this beach are
from green turtles, although olive ridley and hawksbill
turtle nests have been recorded too (Okemwa et al., 2004).
Since 1997, Local Ocean Conservation (LOC) has
been monitoring the beach of the WMNP (3.385472°S,
39.980611°E) and surrounding areas, under the auspices
of the Kenya Wildlife Service (KWS). A team of trained
beach and nest monitors (hereafter “monitors”) patrol
the beach of the WMNP every night for two hours
either side of high tide, resulting in a minimum patrol
effort of four hours per night. The nesting turtle reported
here was encountered during one of these patrols.
The monitors spotted the turtle at the end of a night
patrol, in the early morning of the 23 January 2014.
The nesting event took approximately 150 minutes
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and finished after sunrise. This is longer than the total
nesting time reported in other sources: of 93 minutes
(Carr & Ogren, 1958) and 113 minutes (Eckert &
Eckert, 1985) and 118 minutes (Reina et al., 2002).
The nesting female measured 156.1cm long (curved
carapace length; CCL) and 106.0cm wide (curved carapace
width; CCW), which is within the size range of a mature
female leatherback in the Indian Ocean (Eckert et al.,
2012). The turtle looked to be in good condition, but she
did have a deep cut on the left shoulder. It was noted that
the cut was not bleeding and looked like an old wound.
It was a clean cut which suggests that it was caused by a
knife. It is possible that the turtle became entangled in
fishing gear and was injured as she was cut free. However,
the injury did not unduly affect the nesting process.
Due to the presence of tourism activities and the high
volume of foot traffic in the vicinity of the nesting site,
there was a significant risk of the nest being trampled.
If the nest was fenced off and signposted, this would
have attracted more attention and created a risk of it
being disturbed. It was, therefore, decided to move the
clutch approximately 200m along the beach to a more
secluded area. This was done immediately after the
clutch was laid using methods similar to those outlined
by Mortimer (1999). The clutch was made up of 91
eggs and 6 shelled albumen gobs. Average clutch size
in the Maputaland rookery is 104 eggs (range: 60-160).
As per standard LOC protocol, the nest was monitored

