
MARINE ECOLOGY PROGRESS SERIES
Mar Ecol Prog Ser

Vol. 392: 253–262, 2009
doi: 10.3354/meps08236

Published October 19

INTRODUCTION

Overexploitation of coral reef resources is a wide-
spread, long-standing problem, particularly in the
Caribbean (Jackson 1997, Jackson et al. 2001,
Hawkins & Roberts 2004, Precht & Aronson 2006). A
common consequence of overfishing is the reduction in
abundance of large predatory fish in particular (Pauly
et al. 2001, Christensen et al. 2003). Groupers (Ser-
ranidae) provide a prime example, with diminishing
stocks being widely reported (e.g. Coleman et al. 1999,
Huntsman et al. 1999, Sala et al. 2001). For example,
the number of Nassau grouper Epinephelus striatus
spawning aggregations in the Caribbean has declined
by >80% over the past 30 yr (Sala et al. 2001). Fishing
also reduces the diversity and size of species (Chiap-
pone et al. 2000, Dulvy et al. 2004).

Many groupers exhibit 2 features that may make
them particularly vulnerable to exploitation: female-
to-male sex change and spawning in aggregations. It
has been hypothesised that female-first sex-changers
may be particularly prone to overfishing because of the
size-selectivity of fishing. In female-to-male sex-
changers, males are larger than females on average.
Thus, size-selective fisheries tend to disproportion-
ately kill males, potentially leaving insufficient num-
bers to fertilise all females (Bannerot et al. 1987,
Huntsman & Schaaf 1994, Vincent & Sadovy 1998,
Côté 2003, Alonzo & Mangel 2004). In addition, when
groupers spawn in spatially and temporally pre-
dictable aggregations they become easy targets for
fishers (Coleman et al. 1996, Arreguín-Sánchez &
Pitcher 1999, Domeier et al. 2002, Sadovy & Domeier
2005). These concerns have led to considerable effort
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to document the effects of fishing on sex ratios, repro-
ductive potential, and sizes of groupers at spawning
aggregations (e.g. Shapiro et al. 1993, Sadovy et al.
1994, Beets & Friedlander 1999, Nemeth 2005, Sadovy
& Domeier 2005, Nemeth et al. 2007).

By comparison, less attention has been given to the
impacts of fishing during the non-spawning season,
yet these effects may also have far-reaching impacts
on grouper populations. While spawning aggregations
form for up to 4 mo each year (Domeier & Colin 1997,
Claydon 2004), many fisheries operate year-round, and
a substantial portion of fishing mortality on groupers
occurs during the non-breeding season. In addition,
newly mature individuals may find spawning aggrega-
tions by following experienced individuals from their
non-spawning habitats (Bolden 2000). If size-selective
fishing removes these larger, experienced individuals,
migration to spawning sites by first-time breeders may
be impaired. Furthermore, any size-selective fishing in
non-spawning areas may exacerbate impacts on sex
ratios, population sizes and body size caused by size-
selective fishing on spawning aggregations (McGov-
ern et al. 2002). The effects of fishing during non-
spawning periods could therefore be important in
relation to both conservation and fisheries manage-
ment (Ehrhardt & Deleveaux 2007). Assessments of
grouper stocks usually include effects of fishing on
non-spawning populations (e.g. Arreguín-Sánchez &
Pitcher 1999, Ehrhardt & Deleveaux 2007); however,
these assessments are rarely published in the primary
literature (Ehrhardt & Deleveaux 2007), are often
plagued by poor data availability (e.g. Porch et al.
2006, Ehrhardt & Deleveaux 2007) and rely on fisheries
catch data (Ault et al. 2005).

In the present paper, we investigate the effects of
fishing on non-spawning red hind Epinephelus gutta-
tus populations around Anguilla, British West Indies.
The red hind is an ecologically and commercially
important grouper (Heemstra & Randall 1993, Cole-
man et al. 2000). Red hinds make up a large propor-
tion of recreational and fisheries catches throughout
the Caribbean (Burnett-Herkes 1975, Heemstra &
Randall 1993). Although there are no data on the
exact contribution of red hinds to the Anguillian arti-
sanal fishery, anecdotal observations suggest that
they are an important component of the reef-fish
catch (comprising approximately one-third of the
catch; S. Wynne, Deputy Director, Department of
Fisheries and Marine Resources, Anguilla, pers.
comm.; P. P. Molloy pers. obs.). We quantify the rela-
tionships between fishing effort and 2 red hind demo-
graphic parameters: density and body size, and con-
sider the implications for detecting impacts of
potentially mobile fishers on populations during the
non-spawning season.

MATERIALS AND METHODS

Study species and study site. Red hinds are a
medium-sized (76 cm maximum total length [TL];
Froese & Pauly 2009) grouper (Teleostei: Serranidae)
found throughout the tropical western Atlantic. They
exhibit female-to-male sex change, which occurs at
approximately 20 to 30 cm TL (Sadovy et al. 1994).
Reproduction takes place in large aggregations
around full moons from December to February (Colin
et al. 1987, Beets & Friedlander 1999, Nemeth et al.
2007). During the non-spawning season, red hinds
favour shallow (<100 m depth), low-relief (Sluka et al.
1996), patchy coral and rocky reefs (Burnett-Herkes
1975, Heemstra & Randall 1993) containing caves or
crevices (in which they often seek shelter) and bor-
dered by sand patches (Burnett-Herkes 1975).

Fieldwork was conducted on reefs around Anguilla
(18° 15’ N, 63° 10’ W; Fig. 1) in July and August 2003,
and May to June 2004. Anguilla is a small (~100 km2)
low-lying island in the northeastern Caribbean. Its
marine habitats consist primarily of seagrass and reefs
dominated by algae, soft coral and sponges. Fringing
reefs are dotted along parts of the northwestern coast,
which features protected bays, cliffs, beaches and

254

Fig. 1. Location of Anguilla in the Caribbean Sea and the
position of the 19 study sites around Anguilla. 1 = Seal Island
North 1; 2 = Seal Island South; 3 = The Reef 1; 4 = Seal Island
North 2; 5 = The Reef 2; 6 = The Reef 3; 7 = The Reef East; 8 =
Tom Dowling; 9 = Sandy Island North; 10 = Sandy Island
South; 11 = North Cliffs; 12 = Limestone Bay; 13 = Black Gar-
den; 14 = Frenchman; 15 = Madeirman Southwest; 16 = Foun-
tain Beach; 17 = Madeirman North; 18 = Madeirman South;
19 = Shoal Bay Reef. Figure developed using maptool 

(www.seaturtle.org/maptool)
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rocky shore. Further offshore is a barrier reef that has
a high-relief, exposed north side, which protects the
shallower, leeward side. Between the fringing and bar-
rier reefs are large expanses of sand and seagrass.

Just as for many small-scale artisanal fisheries, very
few data are available on the fisheries or fish stocks
around Anguilla. Murray et al. (2001), Abernethy
(2005) and Abernethy et al. (2007) provide descriptions
of the fisheries, but quantitative data on species-
specific catches of the different fisheries do not exist.
The Anguillian commercial fisheries target inshore
reef fishes — predominantly groupers (Serranidae),
surgeonfishes (Acanthuridae), parrotfishes (Scaridae)
and grunts (Haemulidae), shallow-shelf fishes (mainly
yellowtail snapper Ocyurus chrysurus), spiny lobster
Panulirus argus, and spotted spiny lobster P. guttatus
(Murray et al. 2001, Abernethy et al. 2007). At the time
of the present study, there were approximately 130
open-deck fishing boats (up to 10 m long, with up to
twin 250 hp outboard motors) in Anguilla’s harbours.
However, many of these boats were owned by fishers
who do not fish intensively for recreation, subsistence
or commercial gains (Abernethy 2005).

Trap fishing is the main form of fishing on inshore
reefs (Mahon & Hunte 2001, Abernethy 2005). Traps
are made of galvanised wire around a wooden or metal
frame (Murray et al. 2001) with an entrance funnel
(~25 cm long and 15 cm wide; S. Wynne pers. comm.).
Mesh sizes on traps are legally restricted to 1.5 inches
(3.8 cm) (Government of Anguilla 2000) and compli-
ance is good (S. Wynne pers. comm.; P. P. Molloy pers.
obs.). Inshore-reef fishers usually set between 30 and
50 traps, which are soaked for between 6 h and several
days and baited with goat’s hide, when targeting
groupers.

In addition to being caught in fish traps, Anguillian
red hinds are also caught by recreational hook-and-
lining and spearfishing, as well as bycatch in spotted-
spiny-lobster traps. Although relative catch rates of red
hinds in these fisheries do not exist, anecdotal observa-
tions at the time of the present study suggested that the
inshore trap fishery accounted for the majority of red
hind catches (P. P. Molloy pers. obs.). We therefore
focus on this fishery, which is carried out for both
recreational and commercial purposes. Measurements
of trapped fish at the island’s largest fish market indi-
cated that red hinds of over 22.5 cm standard length
(SL) are caught in traps.

Reef fish abundance and red hind demographics.
Nineteen reef sites were selected based on accessibil-
ity (Fig. 1). Sites that were not separated by large areas
of sand, which red hinds do not inhabit, were more
than 400 m from any neighbouring site(s). This dis-
tance exceeds published home-range sizes of non-
spawning red hinds (Shapiro et al. 1994), and hence

the potential for inter-site mixing during the sampling
period was low. Habitat and fish surveys were carried
out at depths of 5 and 10 m to match trapping depths at
these sites (i.e. 3 to 13 m). The survey depths fall within
the known depth range for red hinds and are compara-
ble to those surveyed in previous studies of inshore red
hind populations (Burnett-Herkes 1975, Shapiro et al.
1994, Sluka et al. 1996). Inshore reefs in Anguilla
rarely occur much deeper. At 3 sites (The Reef 3, North
Cliffs and Madeirman South West; Fig. 1), surveys
could only be conducted at a depth of 5 m because
reefs did not extend to 10 m depth.

At each site and depth, the density of all fish species,
including red hinds, was recorded by a diver swim-
ming along haphazardly located 30 m × 6 m transects
at approximately 3 m min–1. Sample sizes differed
between sites and years according to accessibility and
presence of reef at 10 m depth; total sample sizes
ranged from 5 to 22 transects site–1 (Table 1). All
crevices and overhangs within each transect were
carefully searched. Fish density data were collected in
both years at The Reef 1, Limestone Bay, Black Gar-
den, Frenchman and Shoal Bay Reef but only in 2004
at the other sites (Table 1). Red hind densities were
averaged for each site across the 2 depths within years.

The TLs of all red hinds encountered along transects
in 2004 (but not 2003) were estimated visually to the
nearest cm. Observers were trained beforehand to
estimate length underwater using fish outlines and
PVC pipes ranging in size from 8 to 50 cm (sensu Bell
et al. 1985, Friedlander & Parrish 1998, Dulvy et al.
2004). To examine variation in accuracy of size esti-
mates between days, the length of 20 randomly
selected pipes were estimated each day. Estimated and
actual pipe lengths were highly correlated (r = 0.98 p <
0.0001, n = 562) and the accuracy of our measurements
was similar among days (Kruskal-Wallis test, χ2

28 =
39.7, p = 0.07). Estimates of red hind length could not
be obtained at 10 m for The Reef 1 since no red hinds
were observed on the single transect we were able to
perform at this site and depth in 2004. Where possible,
estimates of red hind size were averaged across depths
for each site.

Habitat assessment. Habitat characteristics (Table 2)
were measured at each site and depth to control for
any confounding effects of habitat on red hind demog-
raphy. Habitat data were collected using 10 haphaz-
ardly placed 1 m2 quadrats at each depth at each site.
We measured characteristics that were found to be
important in previous investigations of grouper habitat
preferences (Burnett-Herkes 1975, Nagelkerken 1979,
1982, Sullivan & Sluka 1996, Sluka et al. 2001), which
can be broadly placed into the following 4 categories.
(1) Reef patchiness (Burnett-Herkes 1975, Shapiro et
al. 1994) was measured as the heterogeneity in hard
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coral cover, which we calculated for each depth and
site as the coefficient of variation in percent hard coral
cover m–2. (2) Abiotic substratum (Sluka et al. 1996)
was divided into 4 types: fine sand (grains smaller than
ca. 1 mm diameter), coarse sand (grains between ca.
1 mm and 10 mm diameter), rubble (pieces of broken
debris between 10 and 100 mm diameter in any dimen-
sion), and hard substratum (i.e. dead hard coral, or
bedrock). The percent cover of each substratum type

in each quadrat was estimated visually. (3) Physical
heterogeneity was measured in 3 ways. First, relief
was measured by calculating the difference in depth
between the shallowest and deepest side of each
quadrat. High relief indicates a steeply sloping reef
face. Second, rugosity was measured at 10 random
locations per site and depth (total N = 350 since 3 sites
were not surveyed at 10 m depth). A 280 cm fine-link
chain was draped across the irregularities of the sub-
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Site N Mean RH Mean RH Obs. Mean fisher Dist. to Total dist. No. of PCA
5 m / 10 m density size rank rank nearest port to all boats in fishing

2003 2004 Σ (no. per 180 m2) (cm, TL) (n miles) ports nearest factor
(n miles) port

1. Seal Island North 1 5 / 5 5 / 5 20 0.10 ± 0.32 23.00a 6 6.67 ± 2.24 5.64 21.00 29 2.54
2. Seal Island South 5 / 5 5 / 5 20 0.20 ± 0.63 40.50 ± 14.85 10 8.11 ± 2.62 5.14 19.42 29 3.28
3. The Reef 1 1 / 4 5 / 1 11 1.09 ± 1.30 30.20 ± 11.84 10 8.44 ± 2.07 3.36 13.85 5 1.75
4. Seal Island North 2 0 / 0 5 / 5 10 0.50 ± 0.71 35.40 ± 5.13 5 7.44 ± 1.59 3.97 15.67 5 1.05
5. The Reef 2 0 / 0 5 / 5 10 2.20 ± 1.32 26.77 ± 6.77 10 8.78 ± 2.17 3.65 14.68 5 2.12
6. The Reef 3 0 / 0 5 / 0 5 1.20 ± 0.84 25.83 ± 6.43 9 8.44 ± 2.35 4.07 15.67 5 2.16
7. The Reef East 0 / 0 5 / 5 10 0.50 ± 0.71 30.40 ± 6.84 6 8.22 ± 3.27 2.97 12.76 5 0.60
8. Tom Dowling 0 / 0 5 / 5 10 0.20 ± 0.42 21.50 ± 0.71 5 5.22 ± 2.05 2.08 13.19 29 –0.86
9. Sandy Island North 0 / 0 5 / 5 10 0.80 ± 1.14 19.89 ± 4.34 6 5.44 ± 2.01 1.88 12.71 29 –0.77
10. Sandy Island South 0 / 0 5 / 5 10 0.60 ± 0.97 27.50 ± 6.28 7 4.67 ± 1.87 1.57 12.00 29 –1.08
11. North Cliffs 0 / 0 5 / 0 5 1.00 ± 0.71 24.40 ± 3.05 2 4.22 ± 1.20 1.07 8.75 5 –2.88
12. Limestone Bay 7 / 5 5 / 5 22 0.32 ± 0.72 15.50 ± 0.71 7 3.78 ± 1.86 1.13 8.63 5 –2.10
13. Black Garden 5 / 5 5 / 5 20 0.70 ± 0.80 22.89 ± 4.20 1 3.78 ± 1.99 1.42 9.13 5 –3.00
14. Frenchman 5 / 5 5 / 5 20 0.45 ± 0.69 29.50 ± 9.19 6 5.33 ± 3.08 2.22 9.92 5 –1.11
15. Madeirman South 0 / 0 5 / 5 10 1.10 ± 1.45 23.00 ± 7.06 8 6.78 ± 2.49 1.97 11.83 24 –0.07
16. Fountain Beach 0 / 0 5 / 5 10 0.10 ± 0.32 15.00a 7 5.67 ± 2.74 2.58 10.93 24 –0.05
17. Madeirman North 0 / 0 5 / 5 10 1.00 ± 1.33 29.29 ± 8.64 6 6.89 ± 1.62 2.08 12.03 24 –0.32
18. Madeirman South 0 / 0 9 / 0 9 1.11 ± 1.17 27.20 ± 6.48 7 6.44 ± 2.46 2.40 11.11 24 –0.29

West
19. Shoal Bay Reef 5 / 5 5 / 5 20 0.30 ± 0.47 16.57 ± 6.85 7 6.33 ± 2.65 1.68 11.78 24 –0.53

aNo size SD could be calculated because a single red hind was observed

Table 1. Summary statistics for red hind (RH) demographics and fishing estimates at 19 sites around Anguilla. RH demographic variables are
mean ± SD of density and body sizes; fishing estimates are our observational rank (Obs. rank), mean ± SD fisher ranks, distance to nearest port,
total distance to all ports, number of boats in the nearest port and scores for the composite PCA fishing factor (see ‘Materials and methods’ for
details). Negative PCA scores are presented so that high scores indicate high fishing intensity. Site numbers correspond to Fig. 1. Number of
fish-census transects (N) performed at depths of 5 and 10 m in 2003, 2004 and in total (Σ) are given. Red hind densities are based on surveys

done in both years; size estimates were only performed in 2004. n miles = nautical miles; TL = total length

Habitat characteristic Variable Transformation Paired t p

Biotic patchiness Coefficient of variation in % hard coral cover Log10 –1.95 0.07
Abiotic substratum Proportion of fine sand Arcsin-square root –1.26 0.23

Proportion of coarse sand Arcsin-square root 1.94 0.07
Proportion of rubble Arcsin-square root 1.11 0.29
Proportion of hard substratum Arcsin-square root 0.47 0.66

Physical heterogeneity Rugosity None 2.48 0.03
Crevice index None 0.27 0.79
Relief Square root 2.92 0.01

Reef health Percent hard coral cover Log10 2.72 0.01
Fish diversity index Log10 –2.29 0.04

Table 2. Results of comparisons of habitat characteristics at 5 and 10 m depth. Depths were paired within site and compared with
paired t-tests; negative t-values indicate higher estimates at 5 m than 10 m depth on average. No differences remained significant

after controlling for false discovery rate. df = 15 for all tests
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stratum in a line perpendicular to the reef slope and
the horizontal straight-line distance between the ends
of the chain was measured. Rugosity was then calcu-
lated by dividing chain length (280 cm) by the straight-
line distance, and averaging across the 10 replicates
within a depth at a site. Flat terrain would have a
rugosity value of 1; highly complex habitat would have
higher values, to a maximum of 280 (English et al.
1997). Third, the depth of each crevice within each
quadrat was measured using a measuring stick and the
values were summed to obtain the total crevice depth
in the 1 m2 quadrat. (4) Reef health was assessed in 2
ways. Percent cover of living hard coral was estimated
visually in each quadrat, and fish species diversity
(derived from the fish abundance transects described
above) was summarised using the Shannon-Wiener
index (Begon et al. 1996).

Fishing effort. Fishing effort was approximated
using 5 metrics. (1) Each site was ranked from 1 to 10
(1 = lightly fished; 10 = heavily fished) based on per-
sonal observations of traps or fishing boats with traps
at each site (henceforth, ‘observational rank’). This
measure captures in situ fishing effort, albeit less accu-
rately than repeated, site-specific estimates of trapping
rates, which could not be collected owing to time and
logistical constraints. (2) Six fishers and 3 current or
retired employees of the Anguillian Department of
Fisheries and Marine Resources (DFMR) were asked to
rate fishing effort at each site on a scale from 0 (not
fished) to 10 (heavily fished). The ranking was based
on their opinion of the extent to which each site was
used by all inshore-reef trap fishers, regardless of their
target (i.e. fish or spotted spiny lobster, which take fish
bycatch). No weighting was applied to the different
fisheries because there is no catch information avail-
able to do so meaningfully. An average rank was cal-
culated for each site to give a continuous variable,
termed ‘mean fisher rank’. (3) In Anguilla as in other
small-scale artisanal fisheries, sites far from ports are
more costly to visit, in terms of fuel (Defeo & Castilla
1998, Cabrera & Defeo 2001, Rueda & Defeo 2003,
Abernethy et al. 2007); additionally, sites near ports in
Anguilla tend to be more sheltered during the hurri-
cane season, and thus, are more likely to be fished
year-round. We therefore measured the shortest navi-
gable distance (nautical miles) from each site to the
nearest main fishing ports (Sandy Ground, Crocus Bay
or Island Harbour; Fig. 1). (4) Because fishers from all
ports have legal access to all sites, we also summed the
distance of each site to all 3 ports. (5) Finally, we
assumed that sites closer to larger ports may be more
intensely fished, and hence counted the number of
fishing boats in the port nearest to each site.

The relationships between red hind demographics
and each fishing effort metric were examined; how-

ever, several of the fishing effort variables were highly
correlated (see ‘Results’). To reduce this multicollinear-
ity and develop a single metric of fishing effort, we
used a principal component analysis (PCA). The first
PCA factor captured 73.6% of the variation in the data,
and 4 fishing metrics loaded negatively onto this factor
(observational rank: –0.429; mean fisher rank: –0.514;
distance to nearest port: –0.534; sum distance to all
ports: –0.517). The number of boats in the nearest port
did not load highly onto this factor; therefore, we
excluded this index from the PCA and considered it in
our analyses only in its raw form. For ease of interpre-
tation, we therefore used the negative of this compos-
ite fishing factor in tests of relationships between red
hind demographics and fishing effort.

Statistical analyses. We controlled for false discovery
rate (FDR, i.e. the proportion of falsely rejected null
hypotheses) in all multiple analyses (Benjamini &
Hochberg 1995). We set the acceptable FDR at 0.05.
Control of FDR was selected in preference to Bonfer-
roni-type procedures because it is less restrictive and
more powerful during exploratory analyses (Garciá
2004).

Data were screened for outliers and normality of dis-
tributions, and the necessary transformations were
performed (Table 2). All percentage cover variables
were converted to proportions and arcsine-square
root-transformed, except percent coral cover, which
was more effectively normalised with a log10 transfor-
mation (Table 2).

Non-parametric tests were used to examine differ-
ences between years in the density of red hinds at sites
that were surveyed in both years and among sites in
the density and size of red hinds. Non-parametric tests
were used because data were highly skewed and sam-
ple sizes differed between groups. Density data were
averaged across years for subsequent analyses. How-
ever, because there were marginally non-significant
differences between years in red hind densities at
Shoal Bay Reef and The Reef 1 (see ‘Results’), we
repeated all tests using only density data from 2004 at
those 2 sites. Doing so did not change our conclusions,
so we do not report these results. Paired t-tests were
used to compare habitat features at different depths
within site (Table 2). When there was no significant
difference between depths (after controlling for false
discovery rate), values were averaged across depths.
When differences existed, data for different depths
were treated as separate variables. Many of these vari-
ables were too weakly correlated with one another to
be effectively condensed by PCA. Since none of the
habitat variables was correlated with any red hind
demographic parameters (see ‘Results’), we did not
control for their effects before investigating the impact
of fishing.
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Pearson’s correlation was used to
test for relationships among each of
the 5 metrics of fishing effort as well as
the principal component factor that
combined the effort variables. A Wil-
coxon’s paired sign-rank test was used
to test whether fishers rated sites dif-
ferently from employees of the DFMR.
Finally, Pearson’s correlations were
used to test for relationships between
the fishing metrics and red hind size
and density.

All analyses were performed using
R (R Development Core Team 2009).

RESULTS

Temporal and spatial variation in red hind
populations

There were no significant differences in red hind
densities between the 2 years when sites were tested
independently (all Wilcoxon unpaired W > 47, all p >
0.05; FDR-adjusted p > 0.22). Red hind density and
body size varied significantly among sites (density:
Kruskal-Wallis χ2

18 = 47.03, p < 0.001; size: Kruskal-
Wallis χ2

18 = 46.49, p < 0.001; Table 2). Red hind den-
sity and body size were not correlated across sites
(Spearman’s r = 0.24, p = 0.33, n = 19).

Habitat variation and red hind populations

There were no significant relationships between any
habitat variable and red hind density or size (density:
in all cases, –0.37 < r > 0.33, p > 0.11; size: in all cases,
–0.32 < r > 0.31, p > 0.18).

Fishing intensity and red hind populations

All sites were fished to some extent (Table 1). There
was a significant difference in mean fisher rank among
sites (Kruskal-Wallis χ2

8 = 25.14, p = 0.001). Inter-
viewed fishers did not differ from employees of DFMR
in their ratings of fishing effort at each site (Wilcoxon
paired W = 136, p = 0.25). Many of the indices of fish-
ing intensity were correlated with one another, with
the exception of the number of boats in the nearest
port (Table 3). Our observational rank (median = 7,
interquartile range = 1.5) was highly positively corre-
lated to mean fisher rank (median = 6.4, interquartile
range = 2.5; Table 3), indicating that the fishing activi-
ties we observed agreed with fishers’ perceptions of

site-specific use by local fishers. Contrary to a priori
expectation, but in keeping with our observations of
fishing activities, sites that were further from port
were ranked by fishers as the most heavily targeted
(Table 3).

Despite wide variation among the 19 sites in fishing
intensity, red hind densities were not significantly
related to any measure of fishing effort (Table 4a,
Fig. 2). Red hind size was positively related to mean
fisher rank, distance to nearest port and the PCA fish-
ing factor (Table 4b, Fig. 3). Red hind size tended to
increase with summed distance to all ports, but this
was not significant after controlling for FDR (Table 4b).
Neither red hind density nor size was related to the
number of fishing boats in the nearest port (Table 4).
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Test r p

Mean fisher rank vs. observational rank 0.70 <0.001*
Mean fisher rank vs. distance to nearest port 0.73 <0.001*
Mean fisher rank vs. summed distance to all ports 0.65 0.002*
Observational rank vs. distance to nearest port 0.48 0.036
Observational rank vs. summed distance to all ports 0.46 0.047
Distance to nearest port vs. summed distance to all ports 0.94 <0.001*
Number of boats. All correlations –0.10 to 0.30 >0.20

Table 3. Relationships among indices of fishing. r is the Pearson’s correlation co-
efficient and p is the associated significance; N = 19 for all tests. *Relationships

that remained significant after controlling for false discovery rate

Test r p

(a) Red hind density vs.
Observational rank 0.28 0.25
Mean fisher rank 0.38 0.10
Distance to nearest port –0.04 0.88
Summed distance to all ports –0.10 0.70
Number of boats in nearest port –0.40 0.12
PCA fishing effort factor 0.15 0.54

(b) Red hind size vs.
Observational rank 0.23 0.33
Mean fisher rank 0.55 0.01*
Distance to nearest port 0.53 0.02*
Summed distance to all ports 0.47 0.04
Number of boats in nearest port –0.15 0.55
PCA fishing effort factor 0.52 0.02*

Table 4. Relationships between various fishing indices and (a)
red hind density, and (b) red hind size. r is the Pearson’s
correlation coefficient with associated significance (p) before
controlling for false discovery rate; N = 19 for all tests.
*Relationships that remained significant after controlling for

false discovery rate. PCA = principal component analysis
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DISCUSSION

The mean densities and sizes of red hinds across 19
sites around Anguilla and neighbouring islets varied
approximately 20-fold and 3-fold, respectively, during
the non-spawning season. However, neither fish den-
sity nor body size varied with any of the highly variable
habitat features that we measured. Red hind density
was not related to fishing intensity but, unexpectedly,
fish were larger in areas that experienced heavier fish-
ing pressure. These results were not anticipated, and
lead to a consideration of interactions between fisher
behaviour and responses of target stocks.

The lack of significant relationships between any
measured habitat feature and red hind body size or
density is surprising because red hinds have been

shown to have specific habitat associations during the
non-spawning season (Burnett-Herkes 1975, Sluka et
al. 1998, Sluka et al. 2001). In the Florida Keys, for
example, red hinds are most abundant in low-relief
habitats (Sluka et al. 1998); in the Bahamas they prefer
windward hard-bottom reefs (Sluka et al. 1996). We
may have overlooked a critical habitat feature pre-
ferred by red hinds around Anguilla. Alternatively,
prey availability and/or fishing pressure could deter-
mine densities of red hinds. Red hinds rely heavily on
small fish and crustaceans (Burnett-Herkes 1975). We
were unable to quantify the abundance of these prey,
but could estimate fishing pressure and thus examine
the effects of exploitation on red hind populations.

We found no link between red hind density and fish-
ing effort. The nature of such a relationship can be
expected to vary. A positive relationship could arise,
particularly in a young fishery, if fish density drives the
distribution of fishers (Sutherland 1996, Swain & Wade
2003, Beecham & Engelhard 2007) or, later, if a species
benefits from the removal of a competitor or predator
targeted by the fishery (Jennings et al. 2001, Pinnegar
et al. 2002, Dulvy et al. 2004). A negative relationship
could occur when intense fishing severely depletes
local populations. Both relationships could persist in
large-scale, e.g. inter-island, comparisons where fisher
movement among sites is limited, but should be more
fleeting when fishers can redistribute their effort
across sites, as in Anguilla. With hindsight, it seems
possible that because of fisher mobility, a lack of rela-
tionship between red hind density and fishing effort in
Anguilla may have been the most likely outcome. Our
result may therefore be explained in 2 ways. Anguil-
lian fishers may truly set their traps randomly with
respect to red hind density, which may lead to deple-
tion of some populations that are exploited too heavily.
Alternatively, Anguillian fishers target disproportion-
ately sites with high abundances of red hinds, and
either they deplete these sites and move on, or such
sites are highly productive and sustain catches (e.g.
Wynne & Côté 2007). A relationship between fishing
effort and red hind density could have been masked if
our surveys had been performed following a recruit-
ment pulse. However, this would have generated a
negative relationship between density and size, which
was not the case. The effects of fishing on densities of
non-spawning red hinds could also be masked by fish-
ing effects on their spawning aggregations, for which
we could not control. Lastly, red hinds may learn to
avoid traps (Gilbert et al. 2001) or move to areas or
depths that are less intensively fished (Tyler et al.
2009) thus disrupting any relationship between fishing
effort and density.

Circumstantial evidence supports a scenario in
which fishing depletes areas and fishers move among
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Fig. 2. Relationship between mean fisher rank of fishing
intensity and mean red hind density

Fig. 3. Relationship between mean fisher rank of fishing
intensity and mean red hind size. TL = total length
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sites. Some 90% of Anguilla’s reefs are threatened by
overfishing (Pinnegar et al. 2002), which typically
affects species at higher trophic levels (Pauly et al.
1998), such as red hinds. Although there is no long-
term information on red hind catch-per-unit-effort, cal-
culations from market-derived data collected during
the present study are suggestive. Over 7 d spent at the
largest fish market on the island during the non-
spawning season (between August and November
2003), we measured 392 trap-caught red hinds. We
estimated that this was approximately 50 to 75% of all
the red hinds that passed through the market on those
days but it ignores those taken by other sectors of the
fishery. If we assume that the trap fishery cannot oper-
ate from November to March due to rough seas associ-
ated with passing hurricanes and seasonal ground
swells, the 392 measured fish alone represent a weekly
depletion of 0.1 km2 of reefs, given the average red
hind density on Anguillian reefs (0.004 fish m–2). Over
the course of a year, this extrapolates to at least 20% of
the reef area of Anguilla (approximately 50 km2,
Spalding et al. 2001). Therefore, although we could
detect no spatial relationship between red hind density
and fishing effort, exploitation may have a temporal
effect on red hind densities around Anguilla. Indeed,
since the completion of our fieldwork, Anguillian trap
fishers have shifted their effort to target reef systems
further offshore than we surveyed, probably because
inshore sites have become overfished (S. Wynne pers.
comm.).

Red hind size was greatest at sites where we
observed more fishing activity, at sites that fishers
believed were more heavily targeted, and sites fur-
thest from port. Fishing usually affects size negatively
(e.g. Dulvy et al. 2004). Indeed, the size but not density
of spotted spiny lobster Panulirus guttatus around
Anguilla decreased with increasing fishing effort
(Wynne & Côté 2007). In addition to being caught in
traps, these lobsters are fished by hand in a highly
size-selective manner (Wynne & Côté 2007). Although
fish traps are comparatively size-unselective (Hawkins
et al. 2007), even unselective mortality will reduce
mean age, and thus size of individuals. Thus, a positive
relationship between size and fishing effort is still puz-
zling. We can offer several highly speculative, non-
mutually exclusive explanations. First, on heavily
fished reefs, red hinds may be particularly trap-shy (or
experienced) and evade capture long enough to reach
large sizes. Second, fishing may reduce competition
among surviving fish, thereby promoting increased
growth rates. Third, fishers may target sites with large
groupers, but not strongly enough to reduce mean size
sufficiently to disrupt the positive relationship be-
tween effort and size. Lastly, fishers may have previ-
ously targeted sites closest to shore, depleting them of

large individuals before moving to sites further off-
shore that still have large individuals, which is when
we performed our survey. This would account for the
positive relationships between red hind size, distance
from shore and observational/mean fisher rank, and
would explain the observation that fishers now target
sites further offshore than those in our survey. If so, red
hind sizes on the sites that we surveyed furthest from
port should have declined since our surveys.

Among groupers, size often increases with depth
(e.g. Shapiro et al. 1994, Brulé et al. 1999, Wyanski et al.
2000, Sabetian 2003, La Mesa et al. 2006). There was no
such relationship across the depths that we studied
(Wilcoxon sign-rank test of 8 sites with data at depths of
5 m and 10 m: W = 6, p = 0.11), but it is conceivable that
such segregation occurs over wider depth ranges. As in
many sex-changing groupers, male red hinds tend to
be larger than females. Therefore, size-related depth
segregation implies sex-related depth segregation.
Therefore, in shallow-water fisheries, such as those in
Anguilla, females may be disproportionately killed.
This contrasts to the assumptions of models of fishing
on sex-changers, which typically simulate fisheries that
select large individuals (Bannerot et al. 1987, Hunts-
man & Schaaf 1994, Alonzo & Mangel 2004, Molloy et
al. 2007). Such models predict that female-first sex-
changers may become sperm limited if sex ratios are
skewed by the disproportionate mortality of males.
However, the effects of a fishery that targets intermedi-
ately sized sex-changers are unknown.

In summary, we did not find clear evidence of an
effect of fishing on non-spawning red hind populations
in Anguilla. This result could imply a sustainable level
of fishing on red hinds around Anguilla. However, to
draw such a conclusion before ruling out other possible
explanations would be unwise. Indeed, the temporal
effects of overfishing may be difficult to detect in intra-
island studies where fishers can adjust their spatial dis-
tribution in relation to the profitability of different
sites. Our data point towards the importance of insti-
gating a monitoring system in Anguilla to unveil shifts
in the demographics of red hinds and other important
species. Preliminary data collected at a major fish mar-
ket suggest that large numbers of red hinds are caught
during the non-spawning season and recent observa-
tions suggest that most fishers have since abandoned
many of our study sites. Mortality imposed on red
hinds away from spawning aggregations may there-
fore be significant but difficult to detect in the absence
of long-term data. Yet a direct comparison of total fish-
ing mortality during the non-spawning season to that
during the reproductive season has never been per-
formed for red hinds or any other aggregation-spawn-
ing grouper. We hope that the present study may
trigger such a comparison.
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