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Short Communication

The influence of beach features on nesting of the hawksbill turtle
Eretmochelys imbricata in the Arabian Gulf

Gentile Francesco Ficetola

Abstract In marine turtles the selection of oviposition
habitat is a key determinant of offspring success. I in-
vestigated which environmental features influenced the
nesting activity and nest distribution of the hawksbill turtle
Eretmochelys imbricata by daily monitoring of a rookery on
the coast of the Arabian Gulf, in Qatar. I mapped the dis-
tribution of turtle nests and unsuccessful nesting attempts
and measured key beach features. Data were analysed
using autoregressive models, a specific regression tech-
nique dealing with spatial autocorrelation. Distribution of
nests and unsuccessful nesting attempts were strongly
spatially autocorrelated. In some areas almost all the tur-
tles that approached the beach excavated a nest, whereas

in other areas nesting was scarce but many unsuccessful
attempts were observed. Turtle activity was lower in areas
with a steep coastline and high rock cover. Nest density
was higher on beaches with a low slope and little rock
cover, and with soft soil and high vegetation cover. The
density of unsuccessful nesting attempts was higher in
areas with hard soil and low vegetation cover. These
results are relevant for the management and restoration of
nesting areas for this Critically Endangered species.

Keywords Arabian Gulf, coastline accessibility,
Eretmochelys imbricata, hawksbill turtle, nest site selec-
tion, Qatar, vegetation.

In marine turtles the selection of oviposition habitat is
a key determinant of reproductive success because it can
affect embryo survival, body size at hatching, sex ratio
and the orientation of offspring (Musseau & Fox, 1998;
Kamel & Mrosovsky, 2005). Studies of the factors
influencing the distribution of turtle nests along beaches
have in several cases identified nest site selection that
has been interpreted as attempts by females to increase
the survival of their offspring (Mortimer, 1982; Kamel &
Mrosovsky, 2005; Karawas et al.,, 2005). However, in
other studies no nest site selection has been detected
or selection was equivocal (Hays et al., 1995; Kamel &
Mrosovsky, 2004), or no relationship was identified
between nest site selection and reproductive success
(Mortimer, 1982). Such results suggest that differences
among species, areas or seasons can be strong, but also
that our knowledge of beach features necessary for
turtle nesting is incomplete (Miller, 1997).

An important analytical issue in the study of species-
habitat relationships is spatial autocorrelation, which
occurs when the environmental similarity among points
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increases as the spatial distance decreases. The presence
of spatial autocorrelation can violate the assumption of
independence required for statistical analyses such as
regression and ANOVA (Lichstein ef al., 2002; Wagner &
Fortin, 2005). Spatial autocorrelation is frequently over-
looked in ecological studies, and analyses of species-
habitat relationships ignoring the effects of spatial
autocorrelation can result in the over- or underestimation
of the effect of environmental variables, the detection of
spurious relationships, and misinterpretation (Lichstein
et al., 2002; Wagner & Fortin, 2005). In any analysis of the
relationship between turtle nesting and habitat it is thus
necessary to consider spatial autocorrelation.

The hawksbill turtle Eretmochelys imbricata is Critically
Endangered because of the exploitation of adults for
food and trade, egg poaching, and the alteration of
habitat, particularly nesting beaches (Meylan, 1999;
Meylan & Donnelly, 1999; IUCN, 2006; Koch et al.,
2006). Females may lay eggs at a specific distance from
or elevation above the shoreline to avoid the risk of nest
destruction during storms and to reduce the risk of nest
depredation, and frequently nest in shaded areas, which
produces a more balanced sex ratio (Horrocks & Scott,
1991; Kamel & Mrosovsky, 2005, 2006). However, al-
though the hawksbill turtle has a worldwide distribu-
tion most of these studies were in the Caribbean, and it
is unclear how widely applicable they are.

I evaluated the influence of beach features on the
nesting activity of hawksbill turtles in the Arabian Gulf,
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which has important populations of this species but is
undergoing rapid coastal development. The study area
is located in Rass Laffan, north-eastern Qatar (25.9° N,
51.5°E). Climate is hyperarid and vegetation on the
dunes is limited to a few xerophitic species of grasses
and bushes; maximum semidiurnal tidal excursion is
c. 1.5 m. Rass Laffan has 14 km of coastline with both
rocky and sandy areas; offshore there are submerged
coral patches and seagrass beds. A programme of nest
monitoring and protection since 2001 has identified
c. 300 turtle nests per year. The hawksbill is the only
turtle known to nest in this area (Tayab & Quiton, 2003).

I monitored 1.3 km of coastline daily during the nest-
ing season (April-September 2005) for turtle nesting
activity the previous night. Monitoring was by walking
immediately after dawn, for reliable identification of
tracks (Mortimer, 1982). A successful nesting was recorded
if there was evidence of covering the nest with the front
flippers; the track was otherwise considered an unsuccess-
ful nesting attempt. The location of each nest or failed
attempt was recorded using a Global Positioning System.
Inaminority of cases females may dig a nest withoutlaying
but nests were not opened to confirm egg presence and
therefore it is possible that the nest count slightly over-
estimates the actual number of nests with eggs.

To measure beach features I divided the area into
35 m sections and recorded six environmental features
in each section: beach angle (averaged from three equally
spaced measurements per section recorded at the high
tide mark); height of the dune above the nightly low tide
marks; distance between the top of the dune and the low
tide; percentage rock cover; abundance of vegetation on
the dune (measured using the following scale; 0: vegeta-
tion absent; 1: discontinuous vegetation cover; 2: contin-
uous cover); dominant hardness of the dune soil (in this
area there is a strong difference between zones where the
soil is composed of soft sand, i.e. hardness = 0, and zones
where the soil is compact and difficult to excavate, i.e.
hardness = 1).

Beach features were strongly correlated (Table 1) and
therefore they could not be used together as indepen-
dent variables. A principal component analysis (PCA)
was used to reduce the six variables to uncorrelated
factors. The resulting axes were rotated using a Varimax
rotation to aid interpretation. The first three factors were
retained, explaining 86.3% of variation (PCA1 42.7%;
PCA2 25.1%; PCA3 18.5%). PCA1 was strongly corre-
lated with soil hardness and beach angle and negatively
correlated with shrub density and distance between low
tide and dune, PCA2 was positively correlated with rock
cover and beach angle, and PCA3 was positively corre-
lated with dune height.

The influence of the PCA axes, as independent
variables, on three dependent variables was tested using
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regression. The dependent variables were number of
nests per section (nest density), number of unsuccessful
nesting attempts (failure density), and overall turtle
activity per sector (i.e. the sum of successful and un-
successful nesting attempts). Overall activity is obvi-
ously not independent of nest or failure density but is
meant to evaluate the coastline features that allow
turtles to arrive on the beach independently of the
outcome of the nesting attempt.

I used Moran’s I to measure the spatial autocorrela-
tion of independent and dependent variables. Most
habitat features displayed strong spatial autocorrelation
(Table 1). Traditional regression models used in prelim-
inary analyses resulted in violations of the assumptions of
spatial independence (Lagrange diagnostics: nest density
¥* = 3.27, P = 0.07; failure density ¥* = 5.15, P = 0.02;
Anselin et al., 1996). I therefore used spatial simultaneous
autoregressive lag model estimation (lagSAR) to evaluate
which attributes of the coastlines are related to nesting
activity. LagSAR includes a maximum likelihood estima-
tion of the spatial autoregressive coefficient in multiple
regression; these models are therefore suitable to evaluate
the relationship between species distribution and envi-
ronmental features when spatial autocorrelation may bias
the results of regression (Anselin, 2001). The goodness of
fit of models was evaluated by calculating the squared
Pearson’s correlation coefficient between fitted and ob-
served values. Spatial analyses were performed using spdep
0.3-12 in the statistical system R v. 2.2 (R, 2007); count data
were square-root transformed prior to analysis.

In total 20 successful and 23 unsuccessful turtle nests
were found. The study site is c. 9% of the Rass Laffan
coastline and the observed nests represent c. 10% of the
170-200 nests observed during 2005 in the Rass Laffan
area (authorities of Rass Laffan City, unpubl. data). The
distribution of nests and unsuccessful attempts was
spatially autocorrelated (Moran’s I = 0.250, P = 0.003).
In some areas almost all turtles that approached the
beach excavated a nest, whereas in other areas nesting
was very scarce but many unsuccessful attempts were
observed.

Turtle activity on the beach was negatively related to
PCAZ2 (Table 2), indicating that turtles were less likely to
arrive on beaches with a steep coastline and many rocks.
Nest density was negatively related to both PCA1 and
PCA2, indicating that turtles arrived and dug nests in
areas with low rock cover and soft soil, with dunes far
from the shoreline and high shrub abundance. Failure
density was positively related to PCA1 and negatively
related to PCA2, indicating that in areas with low rock
cover but hard soil, with dunes close to the shoreline,
and low shrub abundance, turtles arrived but returned
to the sea without nesting. Despite the relatively small
sample size these results demonstrate the influence of
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Table 1 Correlations (Pearson’s correlation coefficient, r, with P in parentheses) between the six beach environmental variables, and between

the six variables and the three factors extracted by principal component analysis (PCA, see text for further details), and the spatial
autocorrelation (Moran'’s I) of each variable and the three PCA factors. Significant results are in bold.

Beach Distance Soil Shrub Dune

angle from dune hardness density Rock % height PCA1 PCA2 PCA3

Beach angle —0.661 0.599 —0.550 0.598 —0.036 0.620 0.608 0.227
(<0.001) (<0.001) (0.001) (<0.001)  (0.837)  (<0.001)  (<0.001)  (0.190)

Distance from dune —-0.821 0.571 —0.594 0.368 —0.794 —0.360 0.200
(<0.001) (<0.001)  (<0.001)  (0.030)  (<0.001)  (0.033) (0.249)
Soil hardness —-0.778 0.483 —0.320 0.948 0.160 —0.160
(<0.001) (0.003) (0.061) (<0.001) (0.357) (0.359)

Shrub density —0.599 0.320 —-0.732 —0.369 0.209
(<0.001) (0.061) (<0.001) (0.029) (0.229)
Rock % —0.252 0.284 0.915 —0.178
(0.144) (0.098) (<0.001) (0.307)

Dune height —0.185 —0.079 0.958

(0.287) (0.653) (<0.001)

Moran’s T 0.183 0.530 0.573 0.342 0.288 0.044 0.462 0.127 —0.009
(0.046) (<0.001) (<0.001) (0.001) (0.009) (0.431) (<0.001) (0.139) (0.793)

coastline features on turtle nesting activity and confirm
the key importance of certain aspects of the terrestrial
environment for aquatic reptiles that nest on land
(Ficetola & De Bernardi, 2006; Kemel & Mrosovsky
2006).

The coastline has to allow easy access to the beach,
with a low rock cover and not steep, but this accessibil-
ity only determines where turtles can access the beach
and not the outcome of nesting attempts. PCAL1 is the
factor that discriminated between areas suitable and
unsuitable for reproduction: in areas with compact soil,
with dunes close to the shoreline and with low shrub
density turtles generally returned to the sea without
nesting. Kamel & Mrosovsky (2005) observed that
hawksbill turtles have a preference for nesting in areas
shaded by vegetation, and recorded higher hatch suc-
cess in vegetated than in open areas. The selection for
areas with vegetation could limit the temperature and
influence the moisture and water potential of the nest
chamber, and these features affect the survival and body

Table 2 Results of lag spatial autoregressive models (see text for
details) relating the nesting activity of hawksbill turtles to beach
features, as summarized by the three independent axes of
a principal component analysis (see text for details). Significant
factors are in bold.

Dependent Independent B SE Z P 7

Nest density ~ PCA1 —0.220 0.093 —2.358 0.018 0.25

PCA2 —0.230 0.089 -2.584 0.0098
PCA3 0.0329 0.089 0.369 0.712
Failure density PCA1 0219 0.163 2383 0.017 0.29
PCA2 —0.215 0.091 —-2.362 0.018
PCA3 0.049 0.091 0.535 0.593
Activity PCA1 —0.046 0.010 —0.465 0.642 0.31
PCA2 —0.368 0.099 -3.726 0.0002
PCA3 0.158 0.098 1.614 0.107
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size of offspring, and also their sex determination
(Ackerman, 1997; Kamel & Mrosovsky, 2006). The selec-
tion of areas with vegetation is particularly important
in the tropics where insolation and temperature can
be extreme, and could become critical in the future to
buffer increases in nest temperatures caused by global
warming (Kamel & Mrosovsky, 2006). Nesting activity
was also observed only in areas with a gentle slope and
with dunes far from the coastline, in contrast to the
observations of Horrocks & Scott (1991) who observed
a preference for steeper coastlines. These differences are
probably caused by differences in topography. In Qatar
the steepest sections of coast have high rock cover and
are inaccessible to turtles.

This study successfully used models that account for
the spatial structure of the data to estimate the effects of
habitat variables on hawksbill turtle nesting. Such
spatially explicit models can help to ease the difficulty
of taking management actions in places where detailed
local studies are not available. The features identified as
important in this study should be prioritized in coastline
management for hawksbill turtles. Accessibility of the
beach and the presence of soft sand should be preserved
to allow turtles to reach nesting sites and excavate nests.
Coastal development should not take place in areas
suitable for turtle nesting but when beaches are altered,
suitability needs to be promptly restored. It is also
important to preserve the natural vegetation along the
coastline. Both the removal of natural vegetation and
substitution with non-native species can have critical
consequences (Kamel & Mrosovsky, 2006).

Acknowledgements

I thank the Rass Laffan City authorities for logistical
support, and W. Thuiller and two anonymous reviewers

© 2007 FFI, Oryx, 41(3), 402-405


https://doi.org/10.1017/S0030605307000543

for comments on earlier versions of the manuscript. This
study was funded by ERM lItaly.

References

Ackerman, R.A. (1997) The nest environment and the
embryonic development of sea turtles. In The Biology of Sea
Turtles (eds PL. Lutz & J.A. Musick), pp. 83-106. CRC Press,
Boca Raton, USA.

Anselin, L. (2001) Spatial econometrics. In A Companion to
Theoretical Econometrics (ed. B. Baltagi), pp. 310-330.
Blackwell, Oxford, UK.

Anselin, L., Bera, A.K,, Florax, R. & Yoon, M.]. (1996) Simple
diagnostic tests for spatial dependence. Regional Science and
Urban Economics, 26, 77-104.

Ficetola, G.F. & De Bernardi, F. (2006) Is the European “pond”
turtle Emys orbicularis strictly aquatic and carnivorous?
Amphibia-Reptilia, 27, 445-447.

Hays, G.C., MacKay, A., Adams, C.R., Mortimer, ].A.,
Speakman, J.R. & Boerema, M. (1995) Nest site selection by
sea turtles. Journal of the Marine Biological Association of the
United Kingdom, 75, 667-674.

Horrocks, J.A. & Scott, N.M. (1991) Nest site location and nest
success in the hawksbill turtle Eretmochelys imbricata in
Barbados, West Indies. Marine Ecology Progress Series,

69, 1-8.

TUCN (2006) 2006 ILICN Red List of Threatened Species. IUCN,
Gland, Switzerland [http://www.redlist.org, accessed 6 July
2007].

Kamel, S.J. & Mrosovsky, N. (2004) Nest site selection in
leatherbacks, Dermochelys coriacea: individual patterns and
their consequences. Animal Behaviour, 68, 357-366.

Kamel, S.J. & Mrosovsky, N. (2005) Repeatability of nesting
preferences in the hawksbill sea turtle, Eretmochelys imbricata,
and their fitness consequences. Animal Behaviour, 70, 819-828.

Kamel, S.J. & Mrosovsky, N. (2006) Deforestation: risk of sex
ratio distortion in hawksbill sea turtles. Ecological
Applications, 16, 923-931.

Koch, V., Nichols, W.]J., Peckhamb, H. & de la Toba, V. (2006)
Estimates of sea turtle mortality from poaching and bycatch

© 2007 FFI, Oryx, 41(3), 402-405

https://doi.org/10.1017/5S0030605307000543 Published online by Cambridge University Press

Beach features and hawksbill turtles

in Bahi Magdalena, Baja California Sur, Mexico. Biological
Conservation, 128, 327-334.

Lichstein, J.W., Simons, T.R., Shriner, S.A. & Franzreb, E. (2002)
Spatial autocorrelation and autoregressive models in ecology.
Ecological Monographs, 72, 445-463.

Meylan, A.B. (1999) Status of the hawksbill turtle (Eretmochelys
imbricata) in the Caribbean region. Chelonian Conservation and
Biology, 3, 177-184.

Meylan, A.B. & Donnelly, M. (1999) Status justification for
listing the hawksbill turtle (Eretmochelys imbricata) as
Critically Endangered on the 1996 IUCN Red List of
Threatened Animals. Chelonian Conservation and Biology,

3, 220-224.

Miller, J.D. (1997) Reproduction in sea turtles. In The Biology of
Sea Turtles (eds P.L. Lutz & J.A. Musick), pp. 51-81. CRC
Press, Boca Raton, USA.

Mortimer, J.A. (1982) Factors influencing beach selection by
nesting turtles. In Biology and Conservation of Sea Turtles
(ed. K.A. Bjorndal), pp. 45-51. Smithsonian Institution Press,
Washington, DC, USA.

Mousseau, T.A. & Fox, C.W. (1998) The adaptive significance of
maternal effects. Trends in Ecology and Evolution, 13, 403-407.

R (2007) The R Project for Statistical Computing. Http://
www.r-project.org/ [accessed 6 July 2007].

Tayab, M.R. & Quiton, P. (2003) Marine turtle conservation
initiatives at Ras Laffan Industrial City, Qatar (Arabian Gulf).
Marine Turtle Newsletter, 99, 14-15.

Wagner, H.H. & Fortin, M.-]. (2005) Spatial analysis of
landscape: concepts and statistics. Ecology, 86, 1975-1987.

Biographical sketch

Francesco Ficetola’s research interests include the conserva-
tion, evolutionary ecology and population genetics of
herpetofauna. He combines academic research with the
practical implementation of monitoring and management
plans. This study is part of a collaboration with the
authorities of Qatar to evaluate plans for the conservation
of marine turtles in areas where coastal development is
ongoing.

405


https://doi.org/10.1017/S0030605307000543

