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Background. The Nassau grouper, Epinephelus striatus (Bloch, 1792), is an endangered species that has been
historically overexploited in numerous fisheries throughout its range in the Caribbean and tropical West Atlantic.
Data relating fishery exploitation levels to stock abundance of the species are deficient, and protective regula-
tions for the Nassau grouper are yet to be implemented in the Turks and Caicos Islands (TCI). The goal of this
study was to conduct a stock assessment and evaluate the exploitation status of the Nassau grouper in the TCI.
Materials and methods. Calibrated length cohort analysis was applied to published fisheries data on Nassau
grouper landings in the TCI. The total lengths of Nassau groupers among the catches of spearfishers, lobster trap-
pers, and deep sea fishers on the island of South Caicos during 2006 and 2008 were used with estimates of
growth, natural mortality, and total annual landings to derive exploitation benchmarks.

Results. The TCI stock experienced low to moderate fishing mortality (0.28, 0.18) and exploitation rates (0.49,
0.38) during the period of the study (2006, 2008). However, 21.2%—64.4% of all landings were reproductively
immature. Spearfishing appeared to contribute most to fishing mortality relative to the use of lobster traps or
hydraulic reels along bank drop-offs.

Conclusion. In comparison with available fisheries data for the wider Caribbean, the results reveal the TCI as one
of the remaining sites, in addition to the Bahamas, with a substantial Nassau grouper stock. In light of increasing
development and tourism in the TCI, continued monitoring is essential to maintain sustainable harvesting practices.

Keywords: small-scale fisheries, calibrated length-cohort analysis, mass-at-size estimates, exploitation,
maximum sustainable yield, fisheries management regulations

INTRODUCTION

Declines in wild fish stocks to supply human consump-
tion have been observed repeatedly throughout history
(Pauly 2008) and have been pervasive in the Caribbean
(Graham et al. 2008, Hardt 2009, Paddack et al. 2009, Box
and Canty 2010). Although once considered the most com-
monly landed grouper in the Caribbean and western
Atlantic (Sadovy and Eklund 1999), the Nassau grouper,

Epinephelus striatus (Bloch, 1792), is becoming particular-
ly scarce. Of 60 to 80 historical Nassau grouper spawning
aggregations throughout its distribution, a third are estimat-
ed to have disappeared due to overfishing, and aggregation
sizes have declined from tens of thousands to as few as 100
individuals per aggregation (Sadovy and Eklund 1999).
The global population size has experienced an estimated
60-percentage-point decline over 30 years beginning in the
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early 1970s (Cornish and Eklund 2003), and it is predicted
with high likelihood to continue declining for the foresee-
able future (Cornish and Eklund 2003, Sadovy de
Mitcheson et al. 2013). Thus, the Nassau grouper is classi-
fied as endangered by the International Union for
Conservation of Nature (Cornish and Eklund 2003).

The Turks and Caicos Islands (TCI), located in the trop-
ical West Atlantic, possess robust fisheries that have long
harvested Nassau grouper (Rudd 2003, Vo et al. 2008,
Landsman et al. 2009). Analyses of 16 Nassau grouper
populations throughout the Caribbean basin found no evi-
dence for a genetically distinct enclave in the TCI
(Anonymous et al. 2012, Jackson et al. 2014). Therefore,
high stock connectivity throughout the eastern Caribbean
warrants stock assessments in multiple sites to understand
status implications and inform management actions for
the meta-population. Prior studies in the TCI reported
descriptive statistics of length distribution data from fish-
eries landings as well as interview data on the capture and
valuation of Nassau grouper (Vo et al. 2008, Landsman et
al. 2009). Although these studies comprise informative
integrations of ecological and socioeconomic data, they
represent missed opportunities to utilize the data to direct-
ly address the status of the stock in the context of
exploitation rates and stock abundance. Therefore, this
study applies calibrated length cohort analysis (Pauly
1984, Ehrhardt and Deleveaux 2007) on the fisheries data
from Vo et al. (2008) and Landsman et al. (2009) in order
to quantify fishing pressure and derive preliminary esti-
mates of stock sustainability in the TCI. Despite the

endangered status of the Nassau grouper, no protective
regulations are currently in place in the fisheries of the
TCI. The results of this study enable evaluation of the
stock relative to other sites in the region to provide insight
on the exploitation status as well as management opportu-
nities for this endangered species.

MATERIALS AND METHODS

Study area. The Turks and Caicos Islands (TCI), located
at the southern end of the Bahamian Archipelago, are
comprised of the Caicos, Turks, and Mouchoir Banks as
well as several islands and small cays (Fig. 1). The Caicos
Bank is a shallow, oolitic limestone platform encompass-
ing an area of 6140 km?; Turks Bank, an area of 324 km?;
and Mouchoir Bank, an area of 1109 km? (Olsen 1986).
Water depths range from 1-5 m throughout the banks,
20-30 m at the top of the drop-offs, and over 1800 m
beyond the drop-offs. The TCI government is centered on
Grand Turk; tourism, on Providenciales; and fishing, on
South Caicos. Biological surveys of Nassau Grouper
catches were conducted on South Caicos.

Tourism constitutes a rapidly expanding industry
(annual growth rates between one and 41 percentage
points from 2003 through 2007) and contributed to rough-
ly one third of the Turks and Caicos Islands GDP in 2009
(Anonymous 2009a). Small-scale fisheries also figure
prominently in the TCI economy, wherein queen conch,
Strombus gigas, and spiny lobster, Panulirus argus, pre-
dominantly drive exports (US$24.77 million in 2008;
Anonymous 2014). Although not exported, scale fish
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Fig. 1. Map of the Turks and Caicos Islands (TCI) showing isobaths of 2 and 180 m; Inset illustrates the location

of the TCI in the tropical West Atlantic
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landings grew by a factor of 2.5 from 1995 to 2002
(Anonymous 2009b). Increases in fishing pressure are
anticipated indirectly through increases in tourism, and
plans exist for the formation of a Fisheries Advisory
Committee to oversee the management and development
of the fisheries (Anonymous 2009c¢).

Fisheries data. Multiple catches of 12 commercial divers
(~9% of licensed South Caicos fishermen at the time of
sampling), four lobster trap boats (two large-scale, two
small-scale; 100% of known South Caicos lobster boats),
and two deep sea fishing boats (100% of known South
Caicos deep sea boats) were sampled during
22 November—6 December 2006 (Vo et al. 2008), 1424
April 2008, and 629 August 2008 (Landsman et al. 2009).
In each sampled catch, Nassau grouper total lengths (TL)
and mass were recorded for all individuals landed via com-
mercial divers’ spearfishing (n = 82), lobster trap bycatch
(n = 57), and deep sea bank drop-off or wall-fishing with
hydraulic reels (n = 35; hereafter, “wall-fishing”). Total
length was measured from the tip of the snout to the longer
lobe of the caudal fin compressed along the midline.
Data analysis. To perform the calibrated length cohort
analysis, estimates of von Bertalanffy growth coefficient,
natural mortality, and total annual landings for Nassau
grouper, Epinephelus striatus, in the TCI were needed.
A growth coefficient of 0.111 year™! was used, following
Ehrhardt and Deleveaux’s (2007) comparative analysis of
all grouper species in the family Epinephelinae including
Nassau grouper. Natural mortality was calculated from
Froese and Binohlan’s (2000) empirical relations, wherein
asymptotic length was derived from the maximum length
(122 em TL) recorded in this study, and natural mortality
was subsequently calculated from the asymptotic length,
growth coefficient, and TCI’s mean annual water temper-
ature (27°C; Sheppard and Rioja-Nieto 2005). The derived
natural mortality rate of 0.29 for the TCI was consistent
with reported estimates of 0.17-0.30 for Jamaica
(Thompson and Munro 1978) and 0.18 for Cuba
(Ehrhardt and Deleveaux 2007). Of note, the site-specific
estimates of asymptotic length and natural mortality were
derived using data from this study to provide the most rel-
evant values for the calibrated length cohort analysis,
rather than applying reported estimates from other sites,
because life history traits are dependent on local environ-
ments. Total annual landings were extrapolated from the
length frequency data for each sample year, by taking the
product of the mean daily catch of the sampled duration
within the year and the number of days in a year, exclud-
ing one month for spawning. The designated one month
comprised a conservative approach to account for the
aggregate unavailability of Nassau grouper to this open
fishery, when the species makes multiple, brief trips to
spawning aggregation sites from late November through
early February and during which decreased commercial
catch has been documented (Sadovy and Eklund 1999).
Calibrated length cohort analysis of Epinephelus stria-
tus was performed on the extrapolated annual landings

data (Pauly 1984, Ehrhardt and Deleveaux 2007). This
stock assessment algorithm uses a length-converted catch
equation (Pauly 1984) to estimate total mortality rate (Z),
which is then used to estimate fishing mortality rate (F)
and exploitation rate (F/Z). Population sizes for various
size classes were subsequently calculated to determine
preliminary stock abundance estimates in the absence of
catch per unit effort data (Cheung et al. 2013). Stock
numerical abundance was converted to biomass abun-
dance based on mass-at-size estimates, which were
derived from regression analysis of empirical total mass
and total length data from Vo et al. (2008) and Landsman
et al. (2009). Stock numerical and biomass (B) abundances
were standardized by total reef area (TCI = 1200 km? and
Bahamas = 1987 km?; Woodley et al. 2000). Fishing mor-
tality and population biomass at maximum sustainable
yield (Finsy and Bygy) were used to derive further exploita-
tion benchmarks (F/Fys, and B/Bp,; Ault et al. 2005).
Values of F/Z, F/Fy, and B/B,, indicative of overex-
ploitation correspond to > 0.5, < 1, and > 1, respectively.
For the determination of immature landings, a liberal
(40 cm) and a conservative (63.8 cm) total length thresh-
old were both applied to represent the range of lengths at
sexual maturation (L,) observed in previous studies
(Sadovy and Eklund 1999, Ehrhardt and Deleveaux 2007)
and the presently reported study, respectively.

RESULTS AND DISCUSSION

Based on the available TCI fisheries data, preliminary
stock numerical abundance of the Nassau grouper,
Epinephelus striatus, was estimated to be 23 and 164 per
square kilometer of reef area in 2006 and 2008, respective-
ly (Table 1). Stock abundance in biomass was calculated
from the product of mass-at-size estimates using empirical
data from 2006 (TM = 0.00000459 x TL33926 where TM is
total mass and TL is total length, range = 33.4-73.1 cm, n =
30) and corresponding numerical abundance-at-size esti-
mated from the calibrated length cohort analysis. Total bio-
mass of the Nassau grouper stock in the TCI was approxi-

Table 1
Stock assessment of Nassau grouper,
Epinephelus striatus; results based on extrapolated
South Caicos fisheries data from 2006 and 2008
for the Turks and Caicos Islands

Variable 2006 2008
Recruitment [No.] 30509 5629
Stock abundance [No.] 196 334 28 104
Catch [No.] 3465 1635
Stock abundance [t] 694 79
Fishing mortality (F) 0.28 0.18
Exploitation rate (F/Z) 0.49 0.38
FIF 0.97 0.62
B/B 1.01 1.67

msy

Fusy = fishing mortality at maximum sustainable yield,
Binsy = population biomass at maximum sustainable yield.
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mated to be 0.07 and 0.58 t - km™2 of reef area in 2006 and
2008, respectively (Table 1). Both numerical and biomass
abundance estimates for the TCI were lower than that of the
Bahamas (17 00022 000 individuals - km™ reef and
5867 t - km? reef; Ehrhardt and Deleveaux 2007). However,
overexploitation has led to sharp declines in Nassau
grouper landings and rendered it commercially insignifi-
cant throughout the rest of its former range (Sadovy and
Eklund 1999, Cheung et al. 2013). Thus, comparable con-
temporary stock data are deficient for other Nassau grouper
fisheries in the greater Caribbean, and the TCI appear to be
among the few remaining known areas in the wider
Caribbean with a substantial Nassau grouper population.
The estimates of 0.28 and 0.18 for fishing mortality of
the Nassau grouper, in 2006 and 2008, respectively, were
intermediate relative to historical estimates from the 1990s
for other fisheries in the wider Caribbean: 0.06-0.11 in the
Bahamas, 0.21 for the Cayman Islands, 0.25 in Florida,
0.30 for Puerto Rico, and 0.35 in Belize (Ehrhardt and
Deleveaux 2007). Such high fishing mortality in Florida,
Puerto Rico, and Belize has corresponded with a deple-
tion of older individuals in fisheries landings and
a marked decline in spawning aggregations (Ehrhardt and
Deleveaux 2007). Nassau grouper exploitation rate was
calculated to be 0.49 in 2006 and 0.38 in 2008 for the TCI,
which fall just below 0.50 where the maximum sustain-
able yield should theoretically be set (Ehrhardt and
Deleveaux 2007). Additional exploitation benchmarks
(F/F sy and B/By,gy) indicated that the stock was harvested
right at maximum sustainable yield in 2006 (F/Fi,e, = 0.49
and B/B,, = 1.01) and less exploited in 2008 (F/F s, = 0.62
and B/By,s, = 1.67). To explore the extent to which exploita-
tion varied by fishing method, length calibrated cohort analy-
sis was also performed on subsets of the length distribution
data according to gear used (spears, lobster traps, and
hydraulic reels). Although estimates derived from these sub-
sample analyses lacked power, they suggested high variation
in exploitation among fishing methods. Considerable fishing
mortality (0.23) and exploitation (0.44) was only identified
among spearfished groupers. For trapped and reeled individ-
uals, total mortality did not exceed natural mortality.
Altogether, the exploitation estimates reveal moderate
Nassau grouper fishing pressure. However, they also
demonstrate the potential for harvest to approach maxi-
mum sustainable yield and become a cause for concern
without regulatory oversight. This is especially true given
that the length distributions of landed Nassau groupers
among various surveyed fishing methods (Vo et al. 2008,
Landsman et al. 2009) have revealed a substantial percent-
age of reproductively immature individuals (64.4% using
site-specific, conservative L, of 62.8 cm TL; 21.3% using
liberal L, of 40 cm TL). Furthermore, of all fishing meth-
ods previously surveyed, spearfishing yielded the highest
proportion of immature individuals among the landings
(81.7% with L, of 62.8 cm TL, 34.1% with
L., 0f 40 cm TL). The variation in immature landings by fish-
ing method was likely associated with targeted fishing depths
and preferred fish size (as summarized in Vo et al. 2008):

spearfishers exploited shallow waters (< 18 m depths) and
targeted smaller groupers; lobster trappers exploited inter-
mediate water depths (20-30 m) and discarded smaller
individuals (< 0.90 kg) whereas wall-fishers exploited deep
waters (90 to 400 m) and targeted the largest individuals.

No documentation of total annual catch was available
for the Nassau grouper in the TCI, and data collection for
research on small scale fisheries can be challenging given
the variety of gear types, targeted species, landing sites,
and large areas of operation involved. Furthermore, the
TCI implement annual no-take seasons for spiny lobster
from 1 April through 31 July, thereby lobster trap bycatch
of Nassau grouper was precluded during this period. These
complicating factors limited sampling opportunities and
resulted in stratified sampling in Vo et al. (2008) and
Landsman et al. (2009). However, calibrated length cohort
analysis is robust for data-deficient and highly stratified
fisheries datasets (Ehrhardt and Deleveaux 2007). All
analyses assume constant natural mortality, fishing mor-
tality, recruitment, and thereby length frequency distribu-
tions over time. Intra- and inter-annual variation in factors
such as fishing activity, ocean temperatures, and preda-
tion pressure can affect the representativeness and accura-
cy of estimates from the calibrated length cohort analysis.
Nevertheless, the results herein are presented to facilitate
a better understanding of the TCI fisheries and stock.

CONCLUSION AND IMPLICATIONS

The TCI have long been regarded as an important source
and sink for marine larvae within the greater Caribbean
(Roberts 1997, Jackson et al. 2014). Given the history of
overexploitation of the Nassau grouper, Epinephelus stria-
tus, throughout the Caribbean (Sadovy and Eklund 1999),
abundance estimates for the TCI implicated the Nassau
grouper stock to be significant as the only sizeable, docu-
mented, contemporary population in addition to that of
the Bahamas (Ehrhardt and Deleveaux 2007). The TCI
stock was utilized at moderate exploitation levels and
within the range of sustainability during the short time
period of this study. These results suggest a healthy TCI
stock. However, the rapidly growing tourism industry is
likely to raise demand for Nassau grouper as a favored
food fish (Rudd 2003). Among the reef fishes, Nassau
grouper has been historically and is still locally preferred
over other species for their size and quality of flesh in the
TCI (Rudd 2003, Vo et al. 2008, Landsman et al. 2009).
Exploitation rates near maximum sustainable yield were
observed during one sample year of this study, and
a notable proportion of landed individuals across both
years were reproductively immature, whereby spearfish-
ing yielded the highest proportion of immature groupers
among landings (Vo et al. 2008). Sadovy de Mitcheson et
al. (2013) reported that the risk of extinction for exploited
species facing uncontrolled fishing pressure by long
established fisheries is generally underestimated by [UCN
criteria. The implementation of size restrictions, close
monitoring of spearfished landings, and a closed fishing
season with protection of spawning aggregations for
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Nassau grouper in the TCI fisheries may be necessary to
help maintain sustainability of the Nassau grouper stock.
Such regulations already exist in the TCI for spiny lobster
and thus may be tractable with the fisher community. In
recognition of the vulnerability of Nassau grouper to fish-
ery exploitation, the Government of the Bahamas has
implemented strategic precautionary measures, including
a minimum size restriction (Sadovy and Eklund 1999) and
a prohibition on the harvest of spawning Nassau grouper
(Ehrhardt and Deleveaux 2007), which appear to be effec-
tive in maintaining an abundant stock in the Bahamas.
The TCI are likewise in the rare and privileged position to
be proactive in maintaining their current Nassau grouper
stock, and in light of global declines in this endangered
species, conservation opportunities should be considered
a priority for appropriate management.
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