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INTRODUCTION

In 1973, the hawksbill sea turtle Eretmochelys imbri-
cata was listed in Appendix I by the Convention on
International Trade in Endangered Species of Wild
Fauna and Flora (CITES), to protect it from the interna-
tional trade that had contributed so significantly to its
decline in the preceding decades. The continued
global decline in hawksbill populations led to the spe-
cies being listed as critically endangered on the IUCN
Red List of Threatened Animals in the mid-1990s (Bail-
lie & Groombridge 1996), with Meylan (1999) estimat-
ing that a maximum of 5000 hawksbills nested annu-
ally in the Caribbean region (excluding Guyana,
French Guiana, Suriname and Brazil). 

Early historical accounts from the 1600s suggest that
hawksbill sea turtles may have been less common
around Barbados than around other islands of the east-
ern Caribbean (see Horrocks 1992). Evidently, by the
turn of the 20th century, over-exploitation for meat and
eggs came to be viewed as a significant threat to the
sea turtle fishery around Barbados, and the first legis-
lation to control turtle harvests was passed in 1904.
The netting of hawksbills by 50 to 60 fishermen be-
tween March and July each year was reported during
the 1940s, and markets for shell in England were
actively sought (letter written by D. Wiles, Fisheries
Officer, 1948), suggesting that numbers of hawksbills
were relatively plentiful in nearshore waters around
the island in the middle of the last century. However by
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the 1980s, sea turtles nested rarely in Barbados (J. A.
Horrocks pers. obs.), and the paucity was such that
Witzell’s (1983) global overview of hawksbills did not
mention Barbados as a nesting location for the species. 

The Barbados Sea Turtle Project (BSTP), based at the
University of the West Indies, was initiated in 1987 to
spearhead efforts to conserve dwindling sea turtle
populations. Through research conducted by the
BSTP, coral reefs in Barbados were shown to provide
critical habitat for 2 distinct life phases of the hawksbill
sea turtle: aggregations of juveniles which resided
year round, and adults, many of which migrated from
their foraging sites throughout the Caribbean to Bar-
bados in order to breed (Horrocks et al. 2001, Krueger
et al. 2006). The early focus of the BSTP was to gather
quantitative information on the status of hawksbills
around Barbados, and an index beach monitoring pro-
gramme to assess the number of nesting females was
initiated in 1992. An indefinite national moratorium on
the capture of sea turtles was implemented in July
1998. 

Systematic early morning counts of nests over a
period of years can produce a trend in relative abun-
dance (Schroeder & Murphy 1999). However, since
hawksbills rarely nest each year, annual nest counts
are not useful in estimating abundance of sea turtles,
unless paired with accurate estimations of average
clutch frequency and remigration intervals. Clutch fre-
quency and remigration data can only be collected
during nighttime patrols, when individual nesting
females can be tagged and identified. Existing clutch
frequency estimates vary widely in the Caribbean (e.g.
Garduño-Andrade et al. 1999, Richardson et al. 1999)
and estimates of female abundance from nest counts
are very sensitive to this parameter. If average clutch
frequency increases with age of females (Frazer 1984,
Bjorndal & Carr 1989, Mortimer & Bresson 1999) or if
populations differ in the ratio of younger newly recruit-
ing turtles to older remigrants, as a result of different
patterns of mortality, these factors may complicate the
use of average clutch frequency in estimates of abun-
dance from different populations. 

The primary objectives of the present study are to
report the trend in numbers of hawksbill nests on Bar-
bados since 1992, and to estimate the current size of
the hawksbill rookery based on the reproductive
parameters ascertained for the Barbados breeding
population. Rookery size is not only important for
assessment of the effects of conservation efforts
nationally in Barbados, and for hawksbill status in the
Caribbean region as whole, but also to allow mean-
ingful interpretation of data currently being collected
in genetic studies of the rookery origins of animals
sampled on their foraging grounds (Bass et al. 1996,
Bowen et al. 2007). Finally, since survey effort varies

between different nesting beaches on Barbados, it has
provided an opportunity for the impact of survey
effort on estimations of clutch frequency to be
assessed.

MATERIALS AND METHODS

Study area. Barbados is the easternmost island in the
West Indian archipelago. It is approximately 32 km
long and 23 km across at its widest point. The leeward
west and southwest coast beaches are characterised by
calm, low wave energy water conditions and narrow
sloping beaches, and the windward coast with high
wave energy and wide beaches. The most significant
hawksbill nesting occurs on the 1.5 km index beach
(Needham’s Point, 13° 04’ 41.33’’ N, 59° 36’ 32.69’’ W;
Horrocks 1992; Fig. 1). Additional high-density nest-
ing beaches occur along the west coast between
Speightstown to the north and Fitts Village to the
south, and along the south coast between Rockley and
Dover (Fig. 1). 

Survey effort. Between 1987 and 1997, data on
hawksbill nesting were derived from 2 sources. The
first source was public reports of nesting activities
islandwide, through calls made to a 24 h operated cell
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Fig. 1. Map of Barbados showing the Needham’s Point index
beach and high-density nesting beach stretches which run
almost continuously between Speightstown and Fitts Village
on the west coast and between Rockley and Dover on the

southwest coast
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phone (the Sea Turtle Hotline). This method allowed
data to be gathered from beaches islandwide and year
round, but was biased against more isolated beaches.
The second source of information was from year-
round, early morning surveys (06:00 to 08:00 h) of the
index beach for nests, which began in 1992. 

In 1997, survey effort was increased in 2 ways.
Firstly, the index beach was monitored throughout the
night (20:00 to 04:00 h) between June 1 and September
30 each year, and secondly, 16 additional active nest-
ing beaches (referred to as high density beaches) were
surveyed, either once or twice during the night be-
tween 20:00 and 04:00 h or in the early morning,
over the peak months of the nesting season (June 1 to
September 30). These additional high-density nesting
beaches were identified from early morning surveys
and public reports. 

The index beach was patrolled at hourly intervals
throughout the night, allowing an opportunity to
potentially witness all nesting activities (it took
approximately 20 min to walk the length of the beach,
and hawksbills typically require 1 to 1.5 h to nest). The
objective was to identify all females that used the
index beach over the monitoring period, and to record
all nests made by each female. While every effort to
witness all nesting activities was made, turtles were
occasionally missed. This was because the threat of
poaching of nesting females still occurred on Barba-
dos, and protection of nesting females occasionally
required observers to remain with a turtle until she left
the beach, which sometimes resulted in other turtles
being missed. Similarly, when several turtles emerged
simultaneously, one may have been missed while data
were collected from the other turtles. Females also
occasionally nested outside of patrol hours (before
20:00 h or after 04:00 h) and were therefore not indi-
vidually identified, but the tracks could always be
identified to species. 

The high-density nesting beach stretches were sur-
veyed once or twice during the night, or in the early
morning. These beaches were patrolled primarily to
reduce the incidence of poaching and to mitigate
against threats to nesting females and eggs as a result
of extensive coastal development (e.g. artificial lights
causing disorientation, coastal armouring resulting in
falls and entrapment, narrow beaches adjacent to
roads resulting in collisions with vehicles, erosion
causing egg exposure inter alia). Given that the length
of the coastline surveyed was affected by the number
of turtles encountered on a given night, the survey
effort was not consistent, and the percentage of nest-
ing activities that occurred on these beaches where the
female was actually observed while nesting, was rela-
tively low compared to the index beach. However,
since day patrols (05:00 to 17:00 h) covered beaches

that were not patrolled the night before, all high-
density nesting beaches were visited at least once in
every 24 h period and nest counts were reliable. 

Additional beaches where low levels of nesting were
reported on the northwest, east, and southeast coasts
of Barbados were patrolled opportunistically in order
to record nests. Finally, the Sea Turtle Hotline contin-
ued to be monitored year round, providing additional
data on nesting activity.

Data recorded. Data were collected according to a
standard protocol based on internationally recognised
techniques (Eckert et al. 1999). Any indication of turtle
activity (i.e. tracks, sand disturbed in a way that was
characteristic of nesting) was documented and the
presence of eggs confirmed through careful digging by
hand. Turtles that were observed on the beach were
approached once egg deposition commenced. Flexible
tape measures (±0.1 cm) were used to take curved
carapace length (CCL; notch to tip) and curved cara-
pace width (CCW) measurements of each nesting
female. A sub-sample of hawksbills nesting on the
index beach was also weighed immediately after egg-
laying in the 2003 and 2004 nesting seasons, using a
Salter balance (±0.5 kg) suspended from a bamboo
pole with ropes. Turtles not previously tagged were fit-
ted with 2 Inconel tags (Size 681, National Band and
Tag Company), 1 in each front flipper, during the last
stages of egg deposition or upon the commencement of
covering, using established techniques (Eckert &
Beggs 2006). Before tags were applied, the proximal
pads on both front flippers were checked for signs of
tag scars, appearing either as a hole or as a nodule of
scar tissue (Limpus 1992). If the turtle had 1 tag scar
and 1 previously applied tag, a new tag was applied; if
it had 2 tag scars, 2 new tags were applied. A total of
1179 nesting turtles were flipper tagged over the years
1997 to 2004. 

Female turtles were assigned 1 of 3 classifications
when first observed on the beach within a season. Pri-
mary turtles were females that were not carrying tags
and did not have tag scars, i.e. the majority of turtles
encountered in the early years of the programme.
While Primary females did not have tags or scars, this
did not exclude the possibility that they were either
missed in a previous season(s), were on very long re-
migration intervals or had bred in other locations
before nesting on Barbados. Given that a female
tagged while nesting on Barbados has never been
observed nesting outside of Barbados, the latter expla-
nation was unlikely. Inter-season Remigrants were
females carrying at least 1 tag from a previous breed-
ing season. Tag-Scar Remigrants were females that
had tag scars from a previous nesting season, but
which no longer carried tags. To further investigate the
breeding condition of some of the Primary females on
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the index beach, laparoscopic examination
of the gonads of 4 animals was conducted
in 2004 (by J. Miller) following standard
protocols (Limpus & Reed 1985). 

Data analysis. Although data on nesting
activity were collected over a 13 yr period
(1992 to 2004), most of the statistical analy-
ses focused on the data collected on the
index beach or on the high-density nesting
beaches between 1997 and 2004. Given
the difference in survey effort, many more
nests could be attributed to nesting
females identified on the index beach than
on the other high-density nesting beaches.
Therefore, in order to compare the effects
of survey effort on estimates of clutch fre-
quency, data collected on the index beach
only were compared to data collected on
other high-density nesting beaches. The
inter-nesting interval was calculated as the
number of days between egg-laying and a
subsequent nesting emergence (successful
or not), assuming that a female emerged
onto a beach to deposit eggs, and included all females
witnessed on patrolled beaches between 1997 and
2004.

Data were analyzed using Microsoft Excel and SPSS
Graduate Pack 13.0. All data met normality require-
ments or were transformed prior to analysis as appro-
priate (Zar 1999). Unless otherwise stated, the statisti-
cal significance level was set at p < 0.05. Means are
reported with standard deviations (±SD). 

RESULTS

Hawksbills nested year round, in all years between
1997 and 2004, with a strong peak in the months of
June to August and very low levels of nesting from
December to April (Fig. 2). Nesting was typically noc-
turnal, with 75% of all nesting occurring between
20:00 and 01:00 h, and only 32 recorded incidences of
diurnal nesting over the 8 yr period. 

Female morphometrics

The mean CCL of all nesting turtles measured
between 1997 and 2004 was 89.7 cm (SD = 3.74; n =
1310; range = 76.2 to 102.4 cm; Fig. 3) and the mean
mass of nesting females (index beach in 2003 and 2004
only) was 68.2 kg (SD = 8.8 kg; n = 68; range = 44.0 to
92.0 kg; Fig. 4). The CCL measurements of Primary
(89.3 cm, n = 709) and Remigrant (90.3 cm, n = 565)
females were compared to see if there was a difference

in size between these categories. Although significant
(z-test; z = –4.96, p < 0.001), the difference of only
1.0 cm between the mean CCL measurements and the
overlapping SDs meant that the 2 groups could not be
reliably differentiated on length measurements alone.
Interestingly, however, the mean mass of females on
the index beach that were identified as Primary turtles
(64.9 kg, n = 43) was significantly less than the mean
mass of Remigrant turtles (73.9 kg, n = 25; t (66) = 4.65,
p < 0.001), and there was a significant positive correla-
tion between CCL and mass, both for Primary turtles
(R2 = 0.45; r = 0.67, p < 0.001) and for Remigrants (R2 =
0.66; r = 0.81, p < 0.001; Fig. 5). 
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Fig. 2. Eretmochelys imbricata. Number of hawksbill nests documented
each month on Barbados (1997 to 2004) 
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Fig. 3. Eretmochelys imbricata. Distribution of curved cara-
pace length (CCL) measurements of hawksbills nesting on
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Remigration interval

Overall, the average remigration interval for hawks-
bills in Barbados was 2.5 ± 0.8 yr (n = 441). Over 55%
of all individuals (n = 174 out of 316 females recorded
in 2 or more nesting seasons) were documented solely
on 2 yr remigration intervals (Table 1). A further
71 females were recorded only on 3 yr intervals. Only
2 individuals were documented nesting annually, and
only on the 2 occasions. Remigration intervals of indi-
vidual females often varied between seasons (Table 1).
The longest remigration interval recorded was 6 yr
(n = 3). 

The proportion of Remigrant turtles encountered on
the index beach increased over the 8 yr period from
5% in 1997 to a high of 51.5% in 2002, but had
declined to 43.4 and 45.6% in 2003 and 2004, respec-
tively. 

Clutch frequency and inter-nesting interval

Two measures of average clutch frequencies were
calculated: (1) observed clutch frequency (OCF), the
number of clutches observed being laid by a female in
a season (Frazer & Richardson 1985, Johnson &
Ehrhart 1996, Broderick et al. 2002); and (2) estimated
clutch frequency (ECF), the number of clutches esti-
mated to have been laid by a female in a season, i.e.
including nests that were not witnessed (Frazer &
Richardson 1985, Johnson & Ehrhart 1996, Broderick
et al. 2002) (Table 2). The inter-nesting interval, based
on observed nests by tagged females, was calculated
as 14.9 ± 1.3 d (range = 9 to 21; n = 942). Therefore, tur-
tles that were witnessed with inter-nesting intervals of
22 d or longer were considered to have nested un-
detected within this period and the ‘missed’ nest(s)
was/were included in the calculation of ECF (see also
Alvarado & Murphy 1999). To ensure that the first and
last nests laid by a female were counted, females
included in the estimates of clutch frequency were
those that initiated nesting after the middle of May and
completed their nesting by the end of September,
when intensive beach monitoring ceased. Females that

were observed nesting only once in the
season were eliminated from the estima-
tion of clutch frequency, as it was more
likely that these were females that laid
their other clutches on adjacent and less
frequently patrolled beaches. This was
based on the observation that 17% of
females observed to nest at least once on
the index beach were also seen nesting
on other beaches within the same sea-
son. To have included single clutches in
the calculation would therefore have
lowered the mean clutch frequency erro-
neously. 

Given that the percentage of nests
where the responsible females had been
identified was greatest in 2003 and 2004
on the index beach (93 and 90.2%
respectively), these 2 years were com-
bined to provide an average ECF of 4.1
nests per female (Table 2). In order to
investigate whether there was a differ-
ence in clutch frequencies between Pri-
mary females and those identified as

163

0

1

2

3

4

5

6

7

8

44 48 52 56 60 64 68 72 76 80 84 88 92
Mass (kg)

N
um

b
er

 o
f t

ur
tle

s

Fig. 4. Eretmochelys imbricata. Distribution of mass of hawks-
bills nesting on the index beach on Barbados (2003 to 2004)

R2 = 0.6559

R2 = 0.4541

80

82

84

86

88

90

92

94

96

98

100

40 50 60 70 80 90 100

CCL (cm)

M
as

s 
(k

g)

Fig. 5. Eretmochelys imbricata. Correlation between curved carapace length
(CCL) and mass, shown separately for Primary (�; n = 39) and Remigrant 
(d; n = 25) females (2003 to 2004) (see ‘Materials and methods; Data recorded’

for further details)



Endang Species Res 3: 159–168, 2007

Remigrant females, clutch frequencies were compared
between the 2 groups in the same 2 years. Primary tur-
tles (n = 107) laid significantly fewer clutches (average
of 3.6 ± 1.4 clutches per season) than Remigrant turtles
(n = 66; average of 4.1 ± 1.4 clutches per season; z-test;
z = –2.23, p < 0.05). 

Laparoscopic examinations

Two of the 4 untagged post-nesting females exam-
ined were determined to have bred in at least one pre-
vious season. Therefore, not all Primary females could
be definitively confirmed as new recruits to the Barba-
dos nesting population, despite a lack of tags or tag
scars.

Trend in abundance and population estimate

The number of nests documented on the Need-
ham’s Point index beach increased markedly between
1992 and 2004 (Table 3). The method used to assess
nest numbers changed in 1997 from early morning
surveys to all night patrols, coinciding with a 2-fold
increase in nest number compared to that reported
for 1996. Although effort was consistent in the years
pre-1997 and again in the years post-1997, it is possi-
ble that some nests may have been missed in the
years when counts were made during early morning
surveys, due to tracks being washed over. However,
the width of the index beach along most of its length
suggests that this would have occurred fairly infre-
quently. From 1997 onwards, nest counts were made
during the night and missed nests would have been
very rare. 
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Remigration intervals No. of females

2 114
3 65
4 30
5 7
6 3

2 + 2 37
2 + 3 7
2 + 4 2
3 + 1 1
3 + 2 11
3 + 3 6
3 + 4 1
4 + 2 4
5 + 2 1

1 + 2 + 2 1
2 + 2 + 2 23
2 + 2 + 3 2
2 + 3 + 2 1

Table 1. Eretmochelys imbricata. Distribution of remigration
intervals (in years) for hawksbill turtles nesting on Barbados
in >2 nesting seasons. Females seen in ≥3 breeding seasons
are indicated by their first documented remigration interval;

+: their second remigration interval, etc.

Year Index beach ECF N High density nesting ECF N
OCF beaches OCF

1997 2.0 ± 0.0 2.7 ± 1.0 7 – – –
1998 3.2 ± 1.1 3.8 ± 1.5 17 2.4 ± 0.6 2.8 ± 0.8 25
1999 2.8 ± 0.6 3.5 ± 1.4 17 2.5 ± 0.7 2.9 ± 0.9 30
2000 2.5 ± 0.5 3.1 ± 1.2 9 2.5 ± 0.8 3.3 ± 1.1 26
2001 2.4 ± 0.7 3.3 ± 1.3 27 2.3 ± 0.5 3.2 ± 1.1 33
2002 3.5 ± 1.2 4.2 ± 1.5 33 2.4 ± 0.8 3.5 ± 1.3 79
2003 3.9 ± 1.3 4.0 ± 1.2 64 2.5 ± 0.8 3.5 ± 1.2 121
2004 3.7 ± 0.6 3.9 ± 0.8 70 2.4 ± 0.6 3.2 ± 1.1 76
2003–2004 3.8 ± 1.2 4.1 ± 1.1 134 2.5 ± 0.7 3.4 ± 1.2 197

Table 2. Eretmochelys imbricata. Observed clutch frequency (OCF) and estimated clutch frequency (ECF) for those turtles
utilizing the index beach (Needham’s Point) for nesting, and for those turtles nesting on high density nesting beaches surveyed

less intensively

Year Nests

Method 1
1992 41
1993 38
1994 22
1995 55
1996 46

Method 2
1997 89
1998 95
1999 120
2000 127
2001 193
2002 234
2003 327
2004 328

Table 3. Eretmochelys imbricata. Number of nests documen-
ted on the index beach (Needham’s Point) during the period
June to September over the years 1992 to 2004. Method 1:

early morning nest counts; Method 2: all night patrols
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In order to estimate annual nesting cohort sizes, the
total number of nests documented on the index beach
and islandwide within a season was divided by the
ECF of 4.1 clutches per female. The estimated num-
bers of females nesting per year are shown in
Table 4. The current estimated total population size
of adult females using Barbados as a nesting ground
was calculated using a mean annual cohort size cal-
culated from the years 2003 and 2004. The mean
number of females estimated to nest annually on the
index beach was 94 and on all beaches islandwide
(including the index beach) was 506. The accuracy of
the estimated annual cohort sizes in 2003 and 2004 in
Table 4 was supported by an annual nest count of
over 2000 nests in each of these 2 years. The cohort
estimates were then multiplied by the mean remigra-
tion interval for the population, i.e. 2.47 yr, to give an
estimate of 232 females nesting on the index beach
alone, and a total of 1250 females nesting on Bar-
bados as a whole. 

DISCUSSION

The nesting beach monitoring programme on Barba-
dos has provided the longest time series of data on the
reproductive female segment of a hawksbill sea turtle
population in the southeastern Caribbean. The data
were collected over an important time period (1992 to
2004) when national conservation efforts were under-
way to recover the severely depleted population of
nesting hawksbills in Barbados. These in-country
efforts were no doubt supplemented during this period
by reductions in hawksbill catches within the region
(e.g. Cuba; Carillo et al. 1999, Mortimer et al. 2007)
and by temporary moratoria on sea turtle catches (e.g.

St. Lucia) in areas where turtles tagged in Barbados
are known to forage (Krueger et al. 2006). The data
suggest that the decline in nesting has been reversed
on Barbados and a dramatic increase in nesting has
been recorded over the course of little more than a
decade. The estimated nesting population size of 1250
suggests that Barbados is the second largest rookery
(after Mexico) in the wider Caribbean, and given its
up-current position on the eastern edge of the
Caribbean Sea, likely a very significant contributor to
foraging grounds throughout the region.

Hawksbill turtles migrate from their foraging
grounds to nest on Barbados on average every 2.5 yr,
with 2 yr being the most common interval and 6 yr the
longest. It is possible that a small percentage of turtles
exhibiting remigration intervals longer than 3 yr may
have nested between those years and were missed by
patrols. However, since females need only be observed
once during a nesting season to confirm their presence
in a given year, this seems unlikely. For both Jumby
Bay, Antigua, and Buck Island, St. Croix, it was
reported that 2 yr remigrations were most common,
followed by 3 yr and then 4 yr remigrations (Hillis
1994, Richardson et al. 1999). Mortimer & Bresson
(1999) found that 2 and 3 yr intervals were most com-
mon in Seychelles hawksbills in the Indian Ocean, but
that intervals of up to 6 yr were also not uncommon. A
5 yr study of hawksbills nesting at Milman Island, Aus-
tralia, concluded that turtles nested on an average
remigration interval of 3.4 yr (Dobbs et al. 1999), but a
10 yr study documented a longer average remigration
interval of 5 yr (J. Miller pers. comm.). As was found in
Barbados, longer remigration intervals of 5 and 6 yr
were only documented in very small numbers at
Jumby Bay, despite the latter data being derived from
an 11 yr saturation tagging study (Richardson et al.

1999). This may suggest that longer
remigration intervals are not as com-
mon in Caribbean hawksbill popu-
lations as they are in the Indian or
southern Pacific Oceans. 

Remigration intervals of individual
females nesting on Barbados did ex-
hibit variation, suggesting that there
are considerable environmental influ-
ences on nesting periodicity. For
instance, variation in remigration
intervals may be linked to distance
between foraging grounds and nest-
ing beaches and/or the body condition
of an individual in any given year (see
Hamann et al. 2003). The availability
of food and the ability to increase
energy stores in non-breeding years,
especially when long migrations are
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Year Nests No. of nesting Nests No. of nesting
documented females documented females

on index beach islandwide

1997 110 27 316 77
1998 127 31 501 122
1999 155 38 696 170
2000 155 38 761 186
2001 243 59 1089 266
2002 285 70 1530 373
2003 378 92 2127 519
2004 395 96 2016 492

Table 4. Eretmochelys imbricata. Estimated number of nesting female turtles
that utilized the index beach (Needham’s Point) and the number of females
that nested islandwide (including the index beach) over the years 1997 to
2004, based on the clutch frequency estimate of 4.1 clutches per female.
Number of nests documented was recorded during the entire year (January

to December) on Barbados



Endang Species Res 3: 159–168, 2007

involved, is likely to be vital in determining if the fol-
lowing year is to be a breeding year or not. Therefore,
the quality of the foraging grounds and the oceano-
graphic conditions which affect food availability
(Dobbs et al. 1999, Broderick et al. 2001) are likely to
have a direct impact on hawksbill remigration inter-
vals. 

The average CCL and average mass for breeding
females on Barbados were similar to those reported for
females nesting in Antigua (Richardson et al. 1999)
and St. Croix (Hillis 1994), but were larger than
reported for adult females caught at sea in the Cuban
fishery (typically 76 to 80 cm straight carapace length,
Moncada et al. 1999). In Barbados, Primary and Remi-
grant females differed in both length and mass, with
the former tending to be smaller in size and lighter in
mass than the latter. This result must, however, be
viewed with caution, given that 2 of the 4 untagged
females that were examined laparoscopically in 2004,
i.e. in the later years of our study, were not found to be
first time breeders (see also Mortimer & Bresson 1999). 

The mean clutch frequency of hawksbills is reported
to vary widely in the Caribbean (IUCN 2002), from a
high of 4.5 nests per season in Antigua (Richardson et
al. 1999) to a low of 2.1 per season in Mexico (Gar-
duño-Andrade et al. 1999). The average clutch fre-
quency per season for hawksbills in Barbados was 4.1.
The OCF and the ECF on the index beach varied over
the 8 yr period, but were consistently higher than those
derived from data collected on the high-density nest-
ing beaches (Table 2), showing clearly how clutch fre-
quency estimates are underestimated when survey
effort is reduced. Therefore, some of the variation in
clutch frequency estimates seen in the region may be
best explained by the method of data collection. For
instance, the reported 4.5 nests per female per season
in Antigua (Richardson et al. 1999) resulted from data
collected on a small beach which was studied inten-
sively for a longer period of the nesting season than our
study, while the estimate of 2.1 by Garduño-Andrade
et al. (1999) was obtained from twice nightly patrols
of long nesting beaches. Despite efforts to overcome
methodological and logistical challenges in achieving
good beach coverage over the 8 yr tagging study on
Barbados, the overall estimated clutch frequency of 4.1
is still likely to be an underestimate of actual clutch fre-
quency, since the possibility exists that the first clutch
or last clutch could have been missed for some indiv-
idual females. 

It has been suggested that new recruits may lay
fewer clutches (Mortimer & Bresson 1999). If so, recov-
ering populations with high levels of recruitment may
exhibit lower average clutch frequencies. Although
reproductive status can only reliably be ascertained by
laparoscopic techniques, Primary females were found

to lay fewer clutches than Remigrant females in the
present study. Whether the difference in clutch fre-
quency is attributable to differences in female matu-
ration or due to behavioural differences in nest site
selection, leading to newly maturing females being
less faithful to particular beaches and hence less likely
to have all their clutches recorded, is currently under
investigation (see also Mortimer & Bresson 1999). 

The degree to which the increase in number of
females seen on Barbados was the result of higher lev-
els of recruitment as opposed to higher levels of sur-
vival of Remigrant females is of significant interest in
terms of guiding conservation and management.
Recruitment can typically be assessed by observing
the changes in the ratio of remigrant to untagged tur-
tles over years of monitoring (e.g. Richardson et al.
1999, 2006). With an intensive saturation tagging pro-
gramme, all existing breeding females should be
tagged after a period of years. Thereafter, untagged
turtles can be assumed to be new recruits or perhaps
wandering turtles with an unknown prior history of
nesting (Richardson et al. 1999). Despite our best
efforts in Barbados, not all breeding females could be
witnessed and tagged on the index beach in any given
year, making it impossible to determine conclusively
from exterior examination whether an untagged turtle
was indeed a first-time nester or an untagged Re-
migrant that had been missed in an earlier nesting sea-
son. Notwithstanding these constraints, the proportion
of Remigrant turtles encountered on the index beach
increased over the 8 yr tagging study to a high of
51.5% in 2002, but levelled off at 40 to 45%, suggest-
ing that relatively more Primary turtles than Re-
migrants are making up the population in recent years
(see also Richardson et al. 2006). 

If higher levels of recruitment are primarily responsi-
ble for the increase in numbers of nesting hawksbills
on Barbados, there may be several contributing fac-
tors. Heavy fishing mortality in Barbados in the middle
of the last century had declined by the 1980s, presum-
ably largely due to a population collapse that made
fishing unprofitable. The national moratorium enacted
in 1998 provided added protection, particularly to the
juvenile and sub-adult size classes around Barbados,
most of which had not previously been protected by
national legislation. Given that harvests on foraging
grounds are likely to be most detrimental to nearby
nesting populations (Bowen et al. 2007), the reduction
in fishing pressure around Barbados may have
increased the numbers of juveniles surviving to breed-
ing age. As a result of reduced incentives to capture
hawksbills when the international shell trade ceased,
combined with the initiation of beach patrols by the
BSTP, which reduced the opportunities to illegally har-
vest nesting females, survival of nesting females on
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Barbados beaches likely increased over the 1990s. The
widespread movement of Barbados-tagged hawksbills
in the region (e.g. Horrocks et al. 2001) suggests that
conservation and management initiatives in other
range states have also contributed significantly to the
increases seen on Barbados. The large decrease in
capture of turtles from 5000 to 500 individuals yr–1 in
the Cuban nearshore turtle fishery (Carrillo et al.
1999), and the moratorium on turtle capture in neigh-
bouring St. Lucia between 1996 and 2004, are likely to
have resulted in higher recruitment and survival prob-
abilities for Barbados nesting females. Tag returns
from 7 different countries in the region indicate that
Barbados hawksbills utilize many foraging grounds.
Management of sea turtle fisheries and changes in
fishing pressure elsewhere in the Caribbean therefore
have the potential to significantly affect hawksbill pop-
ulation numbers, and to promote or to undermine
national conservation efforts in Barbados.
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