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ABSTRACT: The types of marine benthic habitats utilised by hawksbill sea turtles Eretmochelys
imbricata nesting at Needham's Point, Barbados, were investigated using an underwater drop
camera. Habitats used preferentially (i.e. those within high-use areas) tended to be high relief and
densely covered with biota, characterised by high abundance of hard corals and shallower than
less frequented areas. These structurally complex habitats offered opportunities for rest and
refuge, but not for foraging, with females showing no preference for sites with high sponge abun-
dance. Females appeared to trade off site quality (i.e. based on benthic relief, cover and species
composition) against the energy expended to get there, travelling long distances (up to 21.2 km)

to higher-quality sites.

KEY WORDS: Eretmochelys imbricata - Inter-nesting interval - Benthic habitat use - Underwater

video

INTRODUCTION

With the exception of the leatherback turtle, sea
turtles spend the majority of their lives associated
with benthic habitats. For example, green turtles
associate with sea grass beds (Hays et al. 2002, Ballo-
rain et al. 2010, Stimmelmayr et al. 2010) and hawks-
bills with coral reef habitats (van Dam & Diez 1997,
Starbird et al. 1999, Scales et al. 2011). For these spe-
cies, the benthos provides opportunities to rest, take
refuge and forage, all of which are critical elements
upon which their survival depends. During the
breeding season, mature females leave behind the
familiarity of their foraging grounds, migrating to
nearshore areas in the vicinity of their nesting beach,
where they will encounter relatively unfamiliar ben-
thic habitats (Horrocks et al. 2001, Godley et al. 2002,
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Storch 2003, Blumenthal et al. 2006). The long period
of time between such migrations, 2 to 3 yr for most
sea turtle species (Chan & Liew 1999, Beggs et al.
2007), adds to the relative unfamiliarity of these ben-
thic habitats. This is because natural changes
brought about by rare natural phenomena such as
hurricanes and bleaching events and more common
ones such as storm surges, combined with anthro-
pogenic impacts such as coastal development, over-
exploitation by fisheries of nearshore keystone spe-
cies and physical damage of marine habitats, can all
have significant and irreversible impacts on the mar-
ine environment over short periods of time (see
Alvarez-Filip et al. 2009). The benthic environment
encountered during one breeding season may there-
fore not be the same as that experienced in another
season.
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Although the stay of gravid females in these near-
shore habitats is relatively short (i.e. 2 to 3 mo; Bell &
Parmenter 2008, Hart et al. 2010) compared to the in-
tervening years in their traditional foraging grounds,
itis a critical time for these animals, as they must con-
serve energy to lay 4 to 5 clutches of eggs during the
breeding season (see Walcott et al. 2012, 2013). It is
therefore predicted that optimal habitats should be
selected and utilised over the course of the short-
term residency at breeding grounds. Whether fe-
males feed during this period appears to vary accord-
ing to species and location (e.g. Tucker & Read 2001,
Hays et al. 2002, Cheng et al. 2013). Analysis of dive
profiles has suggested that inter-nesting females
around Barbados do not feed (Walcott et al. 2013).
However, the habitats they use should provide re-
fuge and resting opportunities adequate to support
the animals during the process of egg development.
For instance, the length of the inter-nesting interval,
which is at least partly dependent on the rate of egg
development, is affected by water temperature
(Schofield et al. 2009, Walcott et al. 2013), and this
may be a determining factor in influencing bottom
depths used by gravid females. Identification of the
key ecological features that characterise benthic
habitats used by gravid females is therefore of the
utmost importance in the management and protec-
tion of sea turtle breeding areas.

During its juvenile and adult life stages, the hawks-
bill sea turtle Eretmochelys imbricata displays a
strong affinity for coral reef habitats (Meylan 1988,
Witt et al. 2010), and this is true for juvenile and adult
hawksbills around Barbados (see Krueger et al. 2011,
Walcott et al. 2012, 2013). Coral reefs are some of the
most diverse ecosystems in the marine environment,
both in terms of community composition (e.g. hard
coral-dominated versus gorgonian- or sponge-domi-
nated) and structural framework (ranging from low to
high relief). Hawksbills are believed to feed predom-
inantly on reef-associated sponges throughout much
of their range (Meylan 1988, Troéng et al. 2005).
Studies suggest that only certain species of sponges
are actually preyed upon and that selection is deter-
mined to a great extent by local sponge species
abundance (Ledén & Bjorndal 2002, Scales et al. 2011).
Hawksbills visibly resemble their surroundings, and
the outline of an animal can be effectively disguised
once it is lodged into the reef. The structural com-
plexity of the reef environment will therefore deter-
mine the opportunities for refuge (Rincon-Diaz et al.
2011) from predators such as bull and tiger sharks.
Further, ledges and overhangs provide opportunities
for assisted resting, allowing animals to fill their

lungs at the surface and use ledges to counter their
buoyancy at depths. Fewer ascents for gaseous ex-
change can minimise energy expenditure, and pre-
sumably also the risk of predation (Houghton et al.
2003, Blumenthal et al. 2009, Stimmelmayr et al. 2010,
Walcott et al. 2013). Particular ledge locations may
also confer thermoregulatory benefits (Stimmelmayr
et al. 2010) and cleaning opportunities (Sazima et al.
2004), derived from microhabitats found within reef
environments.

Both at foraging and breeding grounds, many spe-
cies of sea turtles exhibit a high level of in-water site
fidelity within and between breeding seasons (Godley
et al. 2002, Broderick et al. 2007, Hart et al. 2012, Wal-
cott et al. 2012), suggesting that habitat selection is
not random and that some degree of benefit accompa-
nies re-using of the same habitats. Hawksbill females
were shown to use the same in-water resident areas
(RAs) during each inter-nesting interval within a nest-
ing season, and females in different nesting seasons
utilised overlapping areas (see Walcott et al. 2012),
suggesting that certain parts of the reef may have pre-
ferred characteristics. Female hawksbills nesting in
the first few months of the breeding season in Barba-
dos arrive from their foraging grounds before most
nesters do, and would presumably face less competi-
tion for preferred inter-nesting habitats closer to the
nesting beach. Interestingly, some of the most experi-
enced hawksbill females (i.e. those that had already
nested in multiple nesting seasons) occupied inter-
nesting habitats farthest from the nesting beach (see
Walcott et al. 2012), suggesting that these areas may
offer some particularly important characteristics that
outweigh the energetic costs of travel to reach them.
Competition may also come from the foraging popula-
tion of juvenile hawksbills that resides year-round on
the reef (Krueger et al. 2011). However, the smaller
size of these animals would likely increase the range
of possible sites available to them for rest and refuge,
thereby reducing competition between them and the
larger adult females that only occupy Barbados wa-
ters during the breeding season. Schofield et al. (2006,
2007) reported that inter-nesting female loggerheads
engaged in behaviours ranging from passive threat
displays to aggressive sparring on >75 % of occasions
when an intruder entered the visual range of a resi-
dent female. This supports the suggestion that com-
petition between females can occur over optimal sites
for refuge.

The aims of this study were to investigate the spe-
cies composition, structural cover and relief of resi-
dent areas used by gravid females and, through com-
parison of core or high-use areas with less used areas
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within the RA, to better understand the basis of
female inter-nesting habitat choice. We tested pre-
dictions that (1) females will establish RAs in areas
where relief and cover are highest (high-quality
sites), conferring best opportunities for resting and
camouflage, (2) that the high-use areas (HUAs)
within the RAs will be of higher quality than other
sites within the RAs, (3) that, if females do feed dur-
ing the inter-nesting interval, RAs will be more likely
to be located in areas of high sponge availability, (4)
that females will trade off habitat quality against
energy expended in travel, such that more distant
RAs will be of higher quality, and finally (5) that ear-
lier arriving females and/or larger females will occupy
the highest-quality habitats, due to the greater avail-
ability of sites to occupy and/or to larger females
being better defenders of sought-after spaces on the
reef.

MATERIALS AND METHODS
Study site

Needham's Point beach, Barbados (13°04'41.33" N,
59°36' 32.69" W), was used as the site for deployment

and retrieval of tracking equipment (see Walcott et
al. 2012). Located to the southwest of the island (Fig. 1),
in the vicinity of the estuary of the Constitution River
that runs through the capital city Bridgetown, the
1.5 km stretch of beach provides nesting habitat for
>25% of the island's nesting hawksbills annually
(Horrocks 1992, Beggs et al. 2007). The study site
encompassed the nearshore marine environment of
the south coast of Barbados. Characterised by a nar-
row insular shelf, with the 200 m isobath lying 2 to
3 km offshore (Lewis & Oxenford 1996, Krueger et al.
2011), the shelf consists of different forms of coral
habitats including coral rubble, patch reefs and a
bank reef most seaward, extending along much of
the coastline. Patch reefs range in depth from 6 to
15 m, and the bank reef from 15 to 40 m. Depths
reach as much as 40 to 55 m between the 2 reefs, and
this deep habitat consists mainly of sand (Lewis &
Oxenford 1996).

The benthic composition of patch and bank reefs
differs along this coast. Both reef types are hard coral-
dominated, with the abundance of reef-associated
organisms (i.e. hard corals, gorgonians and sponges)
being higher on the bank than on patch reefs (UWI
2008). Patch reefs also have lower structural com-
plexity and are dominated by encrusting weedy
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Fig. 1. Southern portion of Barbados, showing the nesting beach of hawksbill sea turtles Eretmochelys imbricata (Needham's

Point), the resident areas (RAs, coloured polygons) utilised by study animals (n = 17) and the hard coral reef system. Yellow,

blue and green polygons represent high-, medium- and low-quality RAs, respectively. The 4 regions indicating different dis-

tances from the nesting beach are also shown. Benthic habitat data provided by the Barbados Coastal Zone Management Unit,
Ministry of Environment and Drainage
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corals (i.e. rapidly growing, small colonies that are
short-lived and quickly replaced) such as Agaricia
spp. and Porites spp., whereas the bank reef is struc-
turally complex and dominated by the framework-
building corals (i.e. massive species with slower
growth rates) such as Montastrea spp. and Diploria
spp.; UWI 2008, Alvarez-Filip et al. 2009). Many spe-
cies of sponges (>50 species) are also present, includ-
ing Sidonops neptuni (formerly Geodia neptuni)
which has been reported as a preferred prey species
for the foraging population of juvenile hawksbills
around Barbados (see Krueger et al. 2011) and else-
where (Leén & Bjorndal 2002).

Data collection

During the 2008 to 2010 nesting seasons, a sample
of hawksbills emerging onto Needham's Point beach
to nest were outfitted with GPS dataloggers, provid-
ing spatial data for 17 animals (see Walcott et al.
2012). For details on individual selection criteria and
equipment used see Walcott et al. (2012, 2013). Wal-
cott et al. (2012) focused primarily on the alongshore
movement patterns of gravid females during inter-
nesting intervals, while Walcott et al. (2013) focused
on their diving behaviour during various stages of the
inter-nesting interval. Data collected revealed the
use of spatially restricted nearshore areas, termed
RAs, by each study animal (see Walcott et al. 2012).
RAs represented the spatially restricted areas where
animals spent the majority (>50%) of the inter-
nesting interval, and were delineated as minimum
convex polygons using the Home Range Tools for
ArcGIS® version 1.1. RAs were all located along the
south coast of the island, ranged from 0.7 to 21.2 km
away from the nesting beach and showed a close
association with the hard coral reef system (Walcott
et al. 2012; Fig. 1).

Using ArcGIS 9.2 (ESRI), a 100 x 100 m grid was
overlaid on each of the previously defined RAs, and
intersects were subsequently used as sample sites to
survey. Underwater video surveys were conducted
by means of an underwater drop camera (Sea Viewer
950) functioning as a towed camera. The number of
sample sites per RA varied depending on the size of
the RA, and included sites both within and outside of
the HUAs of RAs. HUAs were defined as core areas
of activity within the RA and were calculated using
the 50 % kernel density estimation (KDE) and, similar
to other studies (see Makowski et al. 2006, Seney &
Landry 2008, Hart et al. 2010, 2012, Schofield et al.
2010, Blanco et al. 2012), were delineated using the

Home Range Tools for ArcGIS extension (Rodgers &
Kie 2011) and the fixed-kernel least-squares cross-
validation smoothing factor (hcv) for each KDE (Sea-
man & Powell 1996). When the variance of x- and
y-coordinates of each recorded position was highly
unequal, the data were rescaled before applying the
kernel method. The sites sampled within each of the
RAs (i.e. determined by the intersects of the grid
overlay) did not always fall within the delineated
HUAs. This occurred with 5 RAs, allowing HUA data
from only 10 RAs to be used for analysis.

The underwater colour video drop camera used
was a Sea Viewer 950 with a wide-angle lens that
illuminated its surroundings with a light-emitting
diode (LED) light ring (www.seaviewer.com). Two
minutes of video footage of the benthic habitat at
each survey site were collected between May 2011
and January 2012. A comparison of biological assess-
ment of the south coast bank reef off Barbados in
2012 showed little inter-annual difference in hard
coral cover, soft corals and sponges from the previous
assessment in 2007, suggesting that changes in eco-
logical characteristics were not likely between the
years of the tracking and the year of the habitat
assessment (UWI 2014). The camera itself was rated
to a depth of 305 m but was outfitted with a Sea-
Serpent™ Marine Cable which provided a maximum
scope of 61 m depth. The camera was mounted in a
PVC frame, which provided stability once deployed
and ensured that a constant pan view (45° angle
above the substrate) was filmed at all sites. The drop
cam was deployed from a drifting vessel, and colour
video recording began as soon as the pre-selected
grid intercept was reached. The intercept positions
were located using a handheld GPS Garmin 72H
unit. Video clips were recorded directly and stored
on a PMC-700R digital video recorder with a 7-inch
(17.8 cm) thin-film-transistor liquid-crystal display
(TFT LCD) screen in MPEG4 video format at 720 x
480 resolution. Video clips were subsequently down-
loaded onto a computer and analysed.

Data analysis

To capture the highest-quality benthic footage,
only the middle portion of each 2 min video clip (i.e.
from 0:30 to 1:30 min) was used for analysis. Each
1 min segment was viewed on a large screen (diago-
nal length: 196 cm) for visual assessment. Benthic
habitats at all survey sites were scored by 1 or more
observers based on (1) benthic characteristics and
(2) benthic species composition.
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Benthic characteristics scored were relief (i.e. verti-
cal height) and cover (i.e. the extent to which sand
was covered with biotic habitat). Relief of coral habi-
tats tends to be correlated with structural complexity
(i.e. the presence of holes, ledges and overhangs),
with higher relief usually translating to greater archi-
tectural complexity (Alvarez-Filip et al. 2009). Ben-
thic cover can be used to gauge the potential for cam-
ouflage for the animals. Based on the extent of relief
and degree of cover, the benthic characteristics at
each survey site were scored simultaneously and cat-
egorised as: (1) low relief and sparse cover, (2) low
relief and dense cover, (3) high relief and sparse
cover, or (4) high relief and dense cover (Fig. 2a). All
of the scored survey sites within an RA were then
used to determine the predominant characteristics of
the RA itself. Survey sites and RAs falling into the

Low relief

sparse

Hard corals &
sponges (erect)

Gorgonians

category 'high relief and dense cover’ were consid-
ered as 'high-quality habitat’, those with high relief
and sparse cover or low relief and dense cover were
considered 'medium quality’, and those with low
relief and sparse cover were ‘low quality’'.

Benthic species composition (Fig. 2b) was assessed
based on the relative abundance of major taxonomic
groups thought to be of most importance to hawks-
bills (i.e. hard corals, gorgonians and erect sponges).
Hard corals and gorgonians were considered impor-
tant because of their structural complexity and relief
which could provide sites for refuge, and sponges
because they may provide foraging opportunities.
Although hawksbills are known to eat both encrust-
ing and erect sponges (Leén & Bjorndal 2002), erect
sponges were chosen for scoring due to the ease of
visual identification on the video footage, and the

High relief

sparse

Medium

Fig. 2. Photo key of drop cam video excerpts showing typical appearance of the various benthic habitats encountered by study
animals. (a) Benthic characteristics (relief and cover) and (b) benthic species composition (for each of the key taxonomic groups)
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fact that a preferred prey sponge species, S. neptuni,
has an erect form. Relative abundance of each of the
3 taxonomic groups was scored using a rating scale:
0 — none, 1 - few, 2 — medium, and 3 — frequent (see
Fig. 2 for examples of habitats at each level of the rat-
ing scale). Survey sites were categorised based on
the predominant taxonomic group (i.e. the most fre-
quently observed of hard corals, gorgonians or spon-
ges). Each of the assigned categories was treated the
same regardless of the actual scores; for example, a
hard coral-dominated site where hard corals recei-
ved a score of 3 was not distinguished from one
where the hard corals received a score of 2 or 1 but
were still the dominant taxonomic group.

A random subsample of the videos (10 %) was inde-
pendently scored by 2 additional observers (experi-
enced marine scientists with extensive knowledge of
the reefs around Barbados) to check for agreement in
habitat assessments. An inter-rater reliability analy-
sis using the weighted Kappa statistic was performed
to determine consistency among scorers and was
found to be in substantial agreement (weighted
Kappa = 0.64). Benthic characteristics and composi-
tion data were subsequently analysed using SPSS
17.0 for Windows. RAs were described according to
the relief-cover category and the relative abundance
of different taxonomic groups that the majority of
survey sites sampled within the RA fell into. Simi-
larly, the characteristics and composition of benthic
habitats within the HUAs were compared to those
outside of the HUAs.

Habitat quality and species composition of RAs
were examined in relation to distance from the nest-
ing beach and depth, and in relation to day of year of
first nesting and size of females. Given that the RAs
described spanned 3 nesting seasons, they were
assigned into 1 of 3 periods of the nesting season
(early: May—June, middle: July-August, late: Sep-
tember—October) based on the date (day of year) they
were first occupied, and their locations into 1 of 4
regions based on their proximity to the nesting beach
(i.e. Region 1: <1 km, Region 2: 1 to <2 km, Region 3:
2 to <5 km, Region 4: >5 km, Fig. 1) for the purposes
of the analyses below. The benthic characteristics of
survey sites within HUAs were compared to those in
the lesser used parts of the RA to investigate whether
there were differences that might explain why fe-
males chose the RAs that they did.

Where data failed testing for normality and no sig-
nificant difference was seen after log transformation,
non-parametric test statistics were reported. How-
ever, means and standard deviations were also given
to allow for direct comparison with previous studies.

RESULTS

The video surveys carried out at 206 intersection
points in the 17 inter-nesting RAs (mean + SD: 13.7
10.7 survey sites per RA) provided a total of 412 min
of video footage of which 206 min were used for
analysis. There were 2 instances where the RA of a
study animal in one nesting season completely en-
gulfed that used by another female in a different
nesting season (i.e. RAs 9 and 10 and RAs 11 and 12;
Fig. 1). In both cases, data were used for the bigger of
the 2 RAs (i.e. RAs 10 and 12) to avoid replication of
data, resulting in the analysis of 15 RAs (Table 1).
The area of benthic habitat covered at each survey
site was not identical, but was influenced by depth
and by the surface and bottom currents experienced
at each survey site.

The majority of survey sites within RAs (68.0 %; n =
206) included some amount of coral reef habitat; the
majority had dense cover (76.3 %), while 49.6 % were
of high relief. The remaining sites were bare sand,
categorised as low relief and sparsely covered and
devoid of any of the scored benthic species and at
greater depths (38 = 11 m) than the reef habitat sur-
vey sites (32 + 15 m; Mann-Whitney U-test, N; = 139,
N, =67, p <0.05), where N, represents the number of
survey sites with coral reef habitat and N, the num-
ber with bare sand. Of the sites that contained reef
habitat (n = 139), most (50.4 %) were at depths that
corresponded with the bank reef (15-40 m), 16.6 %
were at depths corresponding with patch reefs
(<15 m), and 33.1% were at depths corresponding
with deeper reef habitat (>40 m).

Benthic composition of reef habitats within survey
sites fell into 5 distinct categories: (1) habitats with
an even distribution of hard corals, gorgonians and
erect sponges (wide diversity), (2) habitats domi-
nated by 2 of the 3 taxa; usually hard corals and
gorgonians (moderate diversity), (3) habitats domi-
nated by hard corals (hard coral-dominated), (4)
habitats dominated by gorgonians (gorgonian-
dominated) and (5) habitats dominated by sponges
(sponge-dominated) (Table 2). Most survey sites
with reef present (34.5%, n = 139) were charac-
terised as wide diversity, followed by hard coral-
dominated (30.9%), while the smallest number of
sites, and the deepest, were sponge-dominated
(5.8 %) (Table 2). The majority of sites within each of
the above 5 benthic species composition categories
had dense benthic cover, but not necessarily high
relief (Table 2). Only hard coral- and gorgonian-
dominated sites were predominantly high relief
(Table 2).
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Table 1. Summary of benthic habitat data for each resident area (RA; n = 15) of hawksbill sea turtles Eretmochelys imbricata

nesting in Barbados. Benthic species composition categories are shown in Table 2. For each RA, the benthic characteristics and

species composition observed most frequently throughout all of the survey sites for that RA were used to describe the RA.
Depth is given as mean + SD. CCL: curved carapace length; HUA: high-use area; na: not applicable; nd: no data

Turtle CCL Nesting RA Region Depth Area  Benthic characteristics Benthic spp. No. survey HUA area
ID (cm) period (m) (km?) Relief Cover composition sites (km?)
TO8 87.3  Early 1 2 237 0.09 Low Sparse 3 9 0.011
T18 93.1 Early 2 2 22+8 0.07 Low Sparse 2 5 0.013
T15 90.6 Late 3 1 42+ 6 0.31 Low Dense 3 31 0.081
T13 90.2 Mid 4 1 34+10 0.06 High Dense 3 6 0.007
T22 - Mid 5 1 40+9 0.05 High Dense 3 11 0.015
T11 93.7 Early 6 3 12¢ 0.02 High Sparse 4 1 0.002
T02 96.9 Early 7 3 20+ 8 0.01 na® na® 3 3 0.003
T21 92.0 Mid 8 3 52+ 7 0.15 Low Dense 5 16 0.031
TO04 89.3 Early 10 3 28 +13 0.40 High Dense 3 40 0.035
TO09 93.0 Early 12 3 20+12 0.07 High Sparse 3 8 0.020
T14 90.8 Mid 13 3 52+ 6 0.10 Low Dense 3 12 0.021
T19 100.0 Early 14 4 20+12 0.09 Low Sparse 2 12 0.005
T12 93.1 Mid 15 4 36 +10 0.22 High Dense 3 22 0.007
T10 92.8 Early 16 4 18+ 6 0.12 High Dense 3 10 0.002
T16 92.5 Mid 17 4 28+12 0.20 High Dense 3 20 0.025
%Only 1 survey site present in RA

PSurvey sites were split evenly between low/high relief and between sparse/dense cover

Based on the hypothesis that relief and benthic
cover are indicators of habitat quality for hawksbills,
6 RAs were categorised as high quality (i.e. high
relief and dense cover), 5 as medium quality (i.e. high
relief and sparse cover or low relief and dense cover)
and 3 as low quality (i.e. low relief and sparse cover)
(Table 3). High-quality RAs were all hard coral-

dominated, compared to only 33 % in the low-quality
RAs (Table 3). The majority of high-quality RAs were
located within Region 4 (i.e. on the more distant
southeast coast; Fig. 1), such that although not signif-
icant, the mean distance travelled by females to
high-quality RAs (9.2 + 8.2 km) tended to be greater
than that travelled to medium or low-quality RAs

Table 2. Benthic species composition of reef habitats observed throughout the resident area (RA) survey sites (n = 139) and
their corresponding benthic characteristics. Depth is given as mean + SD

Cate- Benthic species Depth Survey Frequency — Benthic characteristics
gory composition (m) sites (n) (%) Relief Cover
Low (%) High (%) Sparse (%) Dense (%)

1 Wide diversity 34 15 48 34.5 58.3 41.7 31.3 68.7

2 Moderate diversity 30+ 13 21 15.1 61.9 38.1 23.8 76.2

3 Hard coral-dominated 32+ 14 43 30.9 46.5 53.5 13.9 86.1

4 Gorgonian-dominated 23 + 17 19 13.7 42.1 57.9 26.3 73.7

5 Sponge-dominated 42 £ 12 8 5.8 75.0 25.0 25.0 75.0

Table 3. Summary of resident area (RA) characteristics by designated RA quality (n = 14). HC: hard coral, CCL: curved cara-
pace length of resident female hawksbill sea turtles Eretmochelys imbricata. Depth and area values are given as means + SD.
For regions see Fig. 1

Quality RA Depth Area HC-dominated Mean Region most Nesting period
(n) (m) (km?) (%) CCL (cm)  frequently observed

Low 3 21.7+1.5 0.08 + 0.01 33 93.5 2 Early

Medium 5 374 +£17.1 0.13+0.11 60 92.0 3 Early, mid, late

High 6 30.1+7.8 0.18 +0.13 100 91.6 4 Early, mid
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(4.0 £ 2.8 km and 4.8 + 4.9 km, respectively; Kruskal-
Wallis test, p > 0.05). No significant differences were
detected among the 3 quality categories for RAs with
respect to either depth of the RA, or area of the RA
(Kruskal-Wallis test, p > 0.05 for all cases). There was
no correlation between date of first nesting (day of
year) and the relief of the RA that a female occupied
(Spearman rank correlation, r = -0.08, p > 0.05); how-
ever, there was a positive correlation with benthic
cover (Spearman rank correlation, r = 0.537, p <
0.05), with densely covered RAs being used more
often later in the season. There was no difference in
mean size of females utilising the 3 habitat quality
categories across the entire season (Kruskal-Wallis
test, p > 0.05, n =13).

A total of 24 survey sites fell within the HUAs of the
RAs, offering the opportunity to compare habitat
characteristics of the RA between the core areas most
frequently used by the females (HUAs) with those
less frequently used. HUAs ranged in size from 0.002
to 0.081 km? (n = 10) and in depth from 16 to 50 m
(mean: 32.1 + 124 m, n = 10). Mean HUA depth
(32.1 m) was shallower than mean depth of the sites
outside of the HUAs (35.5 + 12.0 m; paired t-test, p <
0.05, n = 10). Although there was no correlation
between mean depth of RA and RA area (Spearman
rank correlation, r = 0.385, p > 0.05), deeper RAs had
larger HUASs (Spearman rank correlation, r = 0.726,
p < 0.05). The majority (87.5 %, n = 24) of survey sites
within HUAs comprised reef habitat, and 70 % of the
HUAs were hard coral-dominated (Table 4; n = 10
HUAS). In terms of benthic cover, 83.3% of the sur-
vey sites in HUAs (n = 24) had dense cover; a signifi-
cantly higher percentage than across all other RA
survey sites (x? = 5.9, p < 0.05, n = 206). In terms of

Table 4. Comparison of resident area (RA) habitat characteristics found at sur-

vey sites within (n = 24 sites) and outside (n = 182) of the high-use areas. Ben-

thic species abundances are based on the means of individually scored survey

sites using the rating scale: 0 — none, 1 - few, 2 — medium and 3 - frequent
(see ‘Materials and methods'). Values are means + SD

relief, 45.8 % of HUA sites had high relief (n = 24)
compared to 31.9% across all other RA sample sites
(n = 182), but the difference was not significant (x% =
1.9, p > 0.05, n = 206). Comparison of sites within and
outside of HUAs revealed that no significant differ-
ence existed between the 2 categories with respect to
abundance of hard corals, gorgonians and sponges
(Wilcoxon signed ranks test, p > 0.05, n = 10; Table 4).
Both categories were hard coral-dominated; how-
ever, sites within HUAs were predominantly high
relief with dense cover, while those outside were low
relief with dense cover (Table 4).

No adult or juvenile turtles were observed during
the drop cam recording sessions, although adult fe-
males are typically regularly seen during the breed-
ing season (May to October) and juveniles year
round by SCUBA divers. Adult females are rarely
seen swimming in the open, but are most often well
hidden under ledges (Fig. 3). The camouflage offered
by coral reefs or the movement of animals away from
the approaching drop cam may explain why sea tur-
tles were not observed in the videos.

DISCUSSION

As air-breathing aquatic animals or ‘surfacers’
(Kramer 1988, see also Kooyman 1989), most species
of sea turtle rely heavily on benthic marine habitats
throughout the majority of their lives (Houghton et al.
2003, Ballorain et al. 2010, Stimmelmayr et al. 2010),
and identification of the benthic habitats used during
the reproductive phase is therefore particularly im-
portant for management and conservation of endan-
gered sea turtle species. In this study, underwater
video recording by drop camera was
used to conduct surveys of benthic
habitats used by gravid hawksbills
around Barbados (see Vandermeulen
2007, Walker et al. 2008 for examples
of its use in ground-truthing benthic

habitat data). This means of visual

characteristics

dense cover

dense cover

Parameter Inside Outside assessment is considered as effective
Mean depth (m) 3214124 35.5 + 12.0 as other more. conventional survey
methods (e.g. line and belt transects)

Abundance score . . .
Hard coral 22+0.8 1.6+08 for the collection of high-quality data
Gorgonian 1.6 + 0.8 1.5+0.8 (see Carleton & Done 1995, Wilson et
Sponges 1.6+0.7 1.4+08 al. 2007), while providing the addi-
Predominant benthic High relief with Low relief with tional benefits of allowing data to be

collected from marine habitats too

High li Medi li .
(High quality) (Medium quality) deep for SCUBA divers, thereby
Benthic species composition Hard coral- Hard coral- . .
. . increasing researcher safety, as well
dominated dominated

as providing a permanent record of
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Fig. 3. Examples of gravid female hawksbill sea turtles

Eretmochelys imbricata in Barbados utilising ledges and

overhangs within the bank reef ecosystem during diurnal

periods of the inter-nesting interval (source: Barbados Sea
Turtle Project)

areas surveyed. Animal-borne video cameras, effec-
tively used for habitat assessment in other species
(e.g. Seminoff et al. 2006, Okuyama et al. 2013), were
not considered for this study because of the potential
for equipment to be dislodged by males attempting to
mate or by the actions of the females themselves as
they moved within the reef.

Hard coral-dominated reef habitats can be classi-
fied as critical inter-nesting habitat for gravid hawks-
bills nesting in Barbados, as has been similarly de-
scribed for hawksbills nesting at Buck Island (US
Virgin Islands) in the northern Caribbean (Storch
2003). The predominance of this habitat type within
RAs, and particularly within the HUAs, reinforces the
close association between hawksbills and reef habi-
tats during the nesting season that has already been
widely observed at foraging grounds in the Carib-
bean (van Dam & Diez 1997, Houghton et al. 2003,
Blumenthal et al. 2009). Not only have movements
away from and towards the nesting beach been
found to closely adhere to the coral reef system (Wal-
cott et al. 2012), but the majority of the inter-nesting
interval was also spent within RAs dominated by
hard coral reef habitat at depths (15-40 m) consistent

with the bank reef. Given that the areas beyond the
coral reef habitats were generally composed of bare
sand and were deeper, we suggest that use of the
shallower reef ecosystem could increase protection
from predators through the camouflage and refuge
opportunities provided, minimise energy expendi-
ture through shorter travel distances to the surface
for gaseous exchange (Walcott et al. 2013) and per-
haps provide cues for orientation as well as opportu-
nities for foraging.

Most RAs established by study animals were of
high quality (42.9%), having both high relief and
dense cover, or of medium quality (35.7 %), having
either high relief or dense cover. The high percent-
age of high-quality RAs on the southeast coast bank
reef suggested that females may trade off the
expense of travel distance for habitat quality. RAs
were rarely established on low relief and sparsely
covered habitat, and 2 out of 3 times they were close
to the nesting beach. Females spent most of their
time in the shallower HUAs of their RAs where cover,
and to a lesser extent relief, were higher than in
areas outside of the HUAs. Occupation of densely
covered and structurally complex habitats may pro-
vide key microhabitats where females can avoid
predators (see also Blumenthal et al. 2009) and the
advances of adult males seeking to mate, whilst also
providing opportunities for assisted resting (Hough-
ton et al. 2003, Blumenthal et al. 2009, Stimmelmayr
et al. 2010, Rincon-Diaz et al. 2011).

Despite being an energetically expensive period,
several factors suggested that the availability of forag-
ing habitat was not a determining factor in the selec-
tion of RAs. Earlier arriving females have previously
been shown to take up residence in shallower RAs
(Walcott et al. 2012), where sponges are rare, while few
females took up residence in deep, sponge-dominated
habitats identified in this study. The overall low abun-
dance of erect sponges within RAs, even deep RAs,
suggested that, if it did occur, foraging during the in-
ter-nesting period would be time- and energy con-
suming. Deeper RAs did have larger HUAs, but the
predominant use of U-shaped dives associated with
resting, the lack of depth variation seen in the bottom
phase of dives (a feature present during periods of ac-
tive foraging), and the lack of diel variation in diving
by study animals across all dive depths while in their
RAs (see Walcott et al. 2013) suggest that this was not
because they were foraging. Our results indicate that
inter-nesting hawksbills around Barbados are not for-
aging; instead they rely on fat reserves built up at for-
aging grounds prior to nesting (see also van Dam et al.
2008, Santos et al. 2010).
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The distribution of RAs along the south coast of
Barbados spanned a total distance of 23.4 km,
greater than that reported from other breeding
grounds where gravid females usually remained in
the close vicinity of the nesting beach (e.g. for green
turtles: Dizon & Balazs 1982, Hays et al. 1999, Blanco
et al. 2012; but see Richardson et al. 2013; logger-
heads: Zbinden et al. 2007, Hart et al. 2010; hawks-
bills: Starbird et al. 1999). If dense cover and high
relief were the only factors affecting habitat choice,
females nesting at the beginning of the breeding sea-
son when the availability of high quality habitat
would presumably be greater, might be expected to
establish RAs only on high-quality sites, especially
those closer to the nesting beach. However, we found
no evidence of this. Moreover, larger females were
no more likely to occupy high-quality sites than were
smaller females. Previous work has shown that
females do not switch between RAs during the
course of a nesting season (Walcott et al. 2012), and
there is evidence for repeated use of the same inter-
nesting habitats from season to season in other spe-
cies (see Limpus & Reed 1985, Marcovaldi et al.
2010). None of these observations would be expected
if females were comparing the qualities of their exist-
ing RAs to those of others.

We therefore propose that the females that make
up this high-density nesting colony establish their
RAs on habitat that meets some baseline critical
habitat quality, but which is also influenced by the
distance from other females, perhaps to avoid the
energetic costs of competitive interactions with other
females (Schofield et al. 2006, 2007), and also the
advances of adult males, who may be attracted
to locations where densities of females are high.
Indeed, around Barbados, gravid females are very
solitary, often wedged head first under overhangs
and ledges (J. Walcott pers. obs.). This tendency to
minimise interaction would also explain the large
area over which inter-nesting habitats are spread,
the finding that RAs occupied when female density is
highest (i.e. July-August; Beggs et al. 2007) are char-
acterised by greater cover than RAs settled early or
late in the season, and the previously reported rarity
of RAs in the vicinity of the nesting beach where
large numbers of females gather for up to several
days before emerging onto the nesting beach (see
Walcott et al. 2012). Females residing in deeper RAs
may benefit from less frequent encounters with other
females or males, but incur the cost of fewer struc-
tural features for rest or refuge. This reduced level of
site fixity to particular ledges or overhangs may
explain their larger HUAs.

The conservation and management of coral reefs is
of utmost importance for sustained population recov-
ery of hawksbills in the Caribbean region. Given the
importance of reef habitat for refuge and assisted
resting during the inter-nesting period, the signifi-
cant declines being detected in hard coral abun-
dance and species diversity (Gardner et al. 2003,
Jackson et al. in press) and in structural complexity
(Alvarez-Filip et al. 2009) are of considerable con-
cern for sea turtle conservation (see also Troéng et al.
20095). In Barbados, the bank reef still appears to offer
habitat of a quality that suits gravid hawksbills. How-
ever, increased local efforts to ensure that critical sea
turtle habitats are better protected in the future will
be essential if the recovery of the hawksbill turtle
around Barbados is to continue in the face of the
growing threats to reefs and nesting beaches from
increasing coastal settlement and climate change.
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