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ABSTRACT: Nassau grouper Epinephelus striatus is an important species recreationally, commercially, and for subsistence in the Bahamas. Within most of the species’ range, over-exploitation has
led to large declines in abundance and to disappearance of spawning aggregations. Nassau
grouper is classified as ‘Endangered’ on the IUCN Red List of Threatened Species. The population(s) in the Bahamas is/are considered to be among the few remaining major Nassau grouper
populations globally. However, the recent declining trend in the number of fish landed raises concerns about the sustainability of the Bahamas’ population(s). In this study, we provide an appraisal
of the current status of the fisheries and explore the potential effects of different fishery and conservation management scenarios on the Nassau grouper population and the fisheries. The study
uses existing biological and fishery data together with fishers’ knowledge on fisheries collated
from an interview survey. The results suggest that the population is now fully- to over-exploited
and under decline, although this needs to be validated when more fishery and population data
have been collected and analyzed. A precautionary approach to managing the Bahamas’ Nassau
grouper is to maintain spawning aggregation closures, and to improve the monitoring, control,
and surveillance to address poaching. Also, fishing mortality rates should be reduced to below the
1998–2001 level during non-spawning aggregation periods. These measures will increase spawning potential and maximize the long-term economic benefits of the fisheries. Other potential
threats to the Nassau grouper population, such as the invasion of lionfish, increased use of compressors, and the taking of immature fish, should be monitored and assessed.
KEY WORDS: Nassau grouper · Fisheries · Bahamas · Spawning aggregation · Closure · Stock
assessment
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Over-exploitation has led to large declines in the
abundance of most Nassau grouper Epinephelus
striatus populations globally (Cornish & Eklund
2003). The Nassau grouper has been reported from
Bermuda, Florida (USA), the Bahamas, the Yucatán
Peninsula (Mexico), and throughout the Caribbean
(Froese & Pauly 2011), although its occurrence in

Brazil is unconfirmed (Cornish & Eklund 2003). It is
particularly vulnerable to over-exploitation because
of its life history characteristics, such as large body
size (asymptotic length > 90 cm TL) and long lifespan
(estimated longevity of 30 yr or more), and because it
spawns in aggregations at specific times and locations (Cheung et al. 2005, Reynolds et al. 2005,
Sadovy de Mitcheson et al. 2008). The latter characteristic makes Nassau grouper, particularly the
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spawning adults, an easy and highly predictable target for fisheries (Sadovy & Domeier 2005). Declines
in landings and catch per unit effort (CPUE) have
been reported throughout its range, and the species
is now considered to be commercially insignificant in
most areas (Sadovy & Eklund 1999). Many of its
spawning aggregations are now thought to have
been extirpated (Sadovy de Mitcheson et al. 2008).
Nassau grouper is classified as ‘Endangered’ with a
decreasing trend on the IUCN Red List of Endangered Species (www.redlist.org) due mainly to the
unregulated fishing of spawning aggregations.
The Bahamas is among the few remaining areas
where substantial catches of Nassau grouper are
reported. Nassau grouper has long been an important species that contributes considerably to the diet
of people in the Bahamas and is an important species
for commercial and recreational fishing. In 2011,
according to official landings statistics from the
Bahamas’ Department of Marine Resources (unpublished data), total commercial landings of Nassau
grouper amounted to 113 t, contributing approximately $US 855 700 in landed value. In the Bahamas,
Nassau grouper is fished commercially and recreationally by handline, longline, fish traps and pots,
spear guns, and gillnets, although data on the recreational and subsistence fisheries are lacking.
In the Bahamas, assessment of the population status of Nassau grouper in 1998 to 2001 suggested that
fishery exploitation rates in this period ranged from
0.25 to 0.38 (Ehrhardt & Deleveaux 2007), with fishing mortalities considerably lower than in other populations in the Caribbean for which information was
available. A fishing ban on spawning aggregations
has been variously implemented since 1998, although
the extent of enforcement and effectiveness of the
ban have not been studied, and poaching is known to
occur. Since the Nassau grouper in the Bahamas is
amongst the last few remaining substantial populations of this Endangered species globally, under-

standing its population status and the effectiveness
of existing fishery management is important for the
conservation of this species as well as the viability of
the fishery. In this paper, although we use the singular form ‘population’ when we refer to the Nassau
grouper population(s) in the Bahamas, the species’
population structure is unknown; nor is it known
whether the species consists of a single or multiple
population(s) in the Bahamas.
Here we aim to provide an appraisal of the current
status of the Nassau grouper fisheries in the Bahamas. We explore the potential effects of different
fishery and conservation management scenarios on
the Nassau grouper population and associated fisheries. The study combines available biological and
commercial fishery data with fishers’ knowledge on
fisheries collated from an extensive interview survey
to better understand the status of Nassau grouper
fisheries. Moreover, a population dynamic model is
used to explore the consequences of different levels
of fishing and spawning aggregation protection for
the future status of the Nassau grouper population
and fisheries. Based on results from different sources
and analyses, we identify the current status and
trends of the Nassau grouper population and fisheries, discuss implications for fishery and conservation management, and address the main information
gaps and uncertainties.

MATERIALS AND METHODS
Data sources
We collated available data on the biology, population, and fisheries of the Bahamas’ Nassau grouper
(Table 1). Basic biological information was based
largely on a comprehensive review by Sadovy & Eklund (1999), a recent stock assessment conducted by
Ehrhardt & Deleveaux (2007), and unpublished infor-

Table 1. Epinephelus striatus. Sources of data used in the assessment of the Bahamas’ Nassau grouper. CPUE: catch per unit
effort
Data
Landings
Landings-at-age
CPUE
Survey (interviews
of fishers)
a

Period

Analysis

Source

1994−2011
1998−2001
1999−2004
2001

Overall trend indicates fishery production
Catch curves to estimate total mortality rates
Overall trend indicates relative abundance
Fishers’ perception on changes in fishery
production, CPUE, management effectiveness,
and stock status

Bahamas’ Department of Fisheriesa
Ehrhardt & Deleveaux (2007)
Bahamas’ Department of Fisheries
Bahamas’ Department of Fisheries

Any requests for data should be sent to fisheries@bahamas.gov.bs
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mation on landings made available by the Bahamas
Fishery Department (see Fig. 1). Data on landings
and landed values from 1994 to 2009 were compiled
from the Bahamas’ Department of Marine Resources
statistics. Also, catch (landings)-at-size data from 1998
to 2001, used in the stock assessment of Ehrhardt &
Deleveaux (2007), were obtained to re-estimate exploitation rates, fishing mortality, selectivity, and
abundance of the Bahamas’ Nassau grouper during
that period. However, landings data (without effort
information) only indicate the level of fisheries production, while survey and assessment data are only
sporadically available, rendering direct estimation of
abundance trends, which requires CPUE, impossible.
In addition, and for the purposes of the current study,
280 Bahamas’ fishers were interviewed with a structured questionnaire to collate fishers’ experiences
and views on the status of the Nassau grouper fishery
and their concerns regarding its future (Bahamas
Dept. of Marine Resources unpublished data). A further 32 detailed interviews were conducted in 2010
to collect additional economic and fisheries-related
information (Bahamas Dept. of Marine Resources
unpublished data). Most of the interviewed fishers
were engaged in full-time fishing and had over 15 yr
of fishing experience. Furthermore, daily catch and
effort data from 1999 to 2004 were obtained from the
Department of Marine Resources of the Bahamas
government.

Analysis of CPUE data
We used a generalized linear model (GLM) to analyze the CPUE data obtained from the Bahamas’
Department of Marine Resources and to evaluate any
effects of fishing gear, year, month, and fishing
ground on CPUE of Nassau grouper (Table S1 in the
supplement at www.int-res.com/articles/suppl/n020
p027_supp.pdf). The dataset contains catch and effort
(expressed as number of boats × fishers × fishing
days) by year (from 1999 to 2004), month, fishing
gear, and fishing ground. We used a GLM to standardize the reported CPUE across fishing gears, fishing grounds, year, and month of fishing and to identify any significant annual and seasonal trends in
CPUE over this period (Cheung & Pitcher 2008).
Because of the distribution structure of the CPUE
data, we assumed that CPUE was log-normally distributed. Thus,
log (CPUE) = a × Yearn + b × Monthm
+ c × Geary + d × FGz + ε

(1)
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where a, b, c, d are coefficients for the factors of n
year of fishing (Year), m month of fishing (Month), y
type of fishing gear (Gear) and z different fishing
ground (FG). ε is the error term. Because of the limited sample size, we did not test for interactions
between factors.

Estimating exploitation rates and gear selectivity
We used the dataset from Ehrhardt & Deleveaux
(2007) to estimate exploitation rate and selectivity.
Following their method, the landings-at-length data
were fitted with length-based catch curves (Jones
1984) to estimate the total mortality rate, in which:
Nl
= ∂ + Z × αl
Δt
Δt =

(L – l )
1
loge ∞
( L∞ – l ')
K

l ⎞
⎛
loge ⎜ 1 –
⎟
⎝
L∞ ⎠
α=
–K

(2)

(3)

(4)

where Nl is the number of fish at length-class l, Z is
the total mortality, ∂ is the intercept of the linear
regression between Nl/Δt and α, α is the age of that
particular length class, K is the von Bertalanffy growth
parameter, Δt is the average time that the fish spends
growing from the lower (l’) to the upper size limits (l),
l - is the median size of the length class, and L∞ is the
asymptotic length and growth parameter of the von
Bertalanffy growth function.
Following the analytical methods of Ehrhardt &
Deleveaux (2007), length-based virtual population
analysis (VPA; Jones 1984) was used to estimate fishing mortality rates, selectivity, and abundance-atlength classes. The estimated parameters were then
used in the stock assessment model.

Stock assessment model
The biological reference points indicating fisheries
status were estimated based on a stock assessment
approach for data-poor fisheries documented by
Sadovy et al. (2007). The basic population dynamic
model is based on an age-, sex-, and size-structured
model. The model also assumes that fishing and natural mortality occur throughout the year. Sex change
from female to male is assumed to be negligible, with
a probability of 0.001 for individuals between the
length of 15 to 60 cm (based on data from Sadovy &

Endang Species Res 20: 27–39, 2013

30

Colin 1995 and Sadovy & Eklund 1999). Recruitment
of age-0 animals is assumed to be density dependent
and follows a Beverton-Holt function (Hilborn & Walters 1992), and recruitment was expressed as a function of the gonad weight of mature females. Because
of the lack of information on the impact of sex ratio
on recruitment, and since there is no a priori reason
to expect such an effect in this species, we did not
consider the potential impact of changes in sex ratio;
indeed, fishing does not appear to have marked
effects on adult sex ratio in this species (Sadovy &
Eklund 1999). The model considers that the Bahamas’ Nassau grouper is a single population, although
this may not reflect the real population structure, particularly as coral reef fishes tend to form meta-populations (Bay et al. 2008).
In the model, all sexually mature individuals spent
2 mo yr−1 in spawning aggregations, with independent fishing mortality between non-spawning and
spawning groups. We assumed that spawning aggregation fishing targets adult fish only because immature fish are assumed not to form aggregations. However, there is some indication that immature-sized
fish occasionally occur at aggregation sites, possibly
learning the site location from adults (Y. Sadovy de
Mitcheson unpubl. data). Thus, this assumption may
render the estimates of fishing effects on the fish
population more conservative because we may
underestimate fishing mortality of immature fish during the spawning aggregation. Catchability in spawning aggregations should be higher than during the
non-spawning period (Sadovy & Eklund 1999). Direct
estimation of the difference in catchability is lacking;
thus we approximated this difference using information obtained from fisher interviews (Table 1). Fishers
in the Bahamas were asked about the average CPUE
(number of fish per person per fishing day) during
spawning and non-spawning periods. A total of 22
fishers provided estimates for the 2 periods. We then
calculated the ratio of CPUE between spawning and
non-spawning periods; the result gave a median of
6.4:1, and 10th and 90th percentiles of 3.1:1 and
12.9:1. To accommodate this uncertainty, we set this
factor as a uniform probability distribution that
ranges from 3.1:1 to 12.9:1 as levels of catchability
during non-spawning periods.
The mathematical form of the model is:
1

N a +1,s ,l = ∑ X s ,l ',l × N a,s ,l ' × e–( m + F1 × pl ' + F2 × pl ' – maat l' )

(5)

l

where Na,s,l is the number of fish at age a, s is sex
(male or female), l is length class, and p l is the fishery
selectivity (proportion of population that is fully vul-

nerable to fishing) at size l. X is the probability of fish
growing from size l’ to l. F1 and F2 are fishing mortality rates for non-spawning and spawning aggregations, respectively, and matl’ is the proportion of
females matured at length l. Selectivity p was estimated from the length-based VPA analysis and
assumed to be constant over time.
Catch (C) is calculated from:
C = R × ∑ ∑ N a,l ×
a

l

p × ( F1 + F2 )
× [1 – e–( M + pl ) ] (6)
M + p l × ( F1 + F2 )

where M is natural mortality rate and R is recruitment to age-0 groups, which is calculated from:
R=

4hR0E
R0E0 (1 – h ) + ( 5h – 1) E

(7)

where R0 is the unexploited number of 0 yr olds, h is
the steepness parameter, and E is the gonad weight
of ripe females, calculated from:
E = ∑ ∑ N a,l g l mat l
a

(8)

l

where gl is the gonad weight at length l, and matl is
the proportion of females that matured at length l. E-0
is the gonad weight of ripe females-per-recruit in the
absence of exploitation. h was calculated from a
Bayesian hierarchical meta-analysis for steepness
parameters of 12 coral reef-associated fishes as documented by Sadovy et al. (2007).
Growth was modeled using the von Bertalanffy
growth function:
La = L∞ × (1 – e– K (a –t 0 ) )
Wa = x

× Lay

(9)
(10)

where L∞ is the asymptotic length, K is the growth
parameter, t0 is the theoretical age when body size is
zero, Wa is body weight at age a, and x and y are the
length−weight conversion parameters (Table 2).
Equilibrium catch and spawning potential (spawner
abundance or biomass relative to unexploited levels)
were calculated at different levels of fishing mortality
using the population dynamic model described above.
We expressed fishing mortality as the percent difference from the average fishing mortality rate in 1998
to 2001. We estimated the fishing mortality rate that
would result in a spawning potential of 35% relative
to the unexploited level (FSPR=35%), which is commonly used in fisheries stock assessment. Although a
more liberal reference point of FSPR=20% (i.e. fishing
mortality rate that would result in a spawning potential of 20%) has been used in some cases (Sadovy et
al. 2007), the same study also noted that a reduction
of spawning potential to 20% of the unexploited level
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Table 2. Epinephelus striatus. Published and estimated parameter values relating to life history of Nassau grouper used in the
population dynamics in this study. BW: body weight (g), TL: total length (cm), GW: gonad weight to body weight relationship.
The ratio of catchability was estimated based on information from 22 interviewed fishers, who were asked about the average
catch per unit effort (CPUE: number of fish per person per fishing day) during spawning and non-spawning periods. We then
calculated the ratio of CPUE from spawning to non-spawning periods, which has a median of 6.4:1, and 10th and 90th
percentiles of 3.1:1 and 12.9:1
Parameter

Values

Assumed distribution in
Monte Carlo simulation

Asymptotic length (L∞)a,b
von Bertalanffy growth parameter (K)a,b
Variance of growtha,c
Natural mortality rate (M)a,b
Rate of sex change from female to malea,d
Length−weight relationshipa
Recruitment steepness parametere

70−97.4 cm
0.063−0.185 yr−1
9
0.17−0.4 yr−1
0.001−0.05
BW = 0.010578 × TL3.277
Mean = 0.898; SD = 0.912

Gonad to body weight relationshipa
Ratio of catchability of fishing in spawning
period relative to non-spawning period

GW = [(BW − 0.187) / 1.275] − 0.219 − 0.535
3.1:1 − 12.9:1

Uniform
Uniform
–
Uniform
Uniform
–
Logit of steepness is assumed
to be normally distributed
–
Uniform

a

From Sadovy & Eklund (1999); bfrom Ehrhardt & Deleveaux (2007); ccalculated from tagging data reported by Sadovy &
Eklund (1999); dbased on data from developmental stages of reproductive organs of Nassau grouper reported by Sadovy &
Eklund (1999); eSadovy et al. (2007)

may considerably affect recruitment. Since Nassau
grouper reproduces through the formation of spawning aggregations, the population may be more vulnerable to any depensatory effects of low population
size on reproduction. There are many examples
whereby large reduction in spawner abundance of
Nassau grouper led to apparent disappearances of
spawning aggregations, e.g. one-third of the Nassau
grouper spawning aggregations in Belize have disappeared due to overfishing (Sala et al. 2001), and
throughout the species’ range, many aggregations
evidently no longer form (Sadovy de Mitcheson et al.
2008). Thus, this provides justification for the use of a
more conservative reference point of FSPR=35%. In
addition, the fishing mortality rates for achieving
long-term equilibrium maximum sustainable yield
(FMSY) were estimated.
A Monte Carlo simulation was undertaken in
which parameter values for the stock-recruitment
steepness, and the increase in catchability when
Nassau grouper is in spawning aggregation, were
drawn from a pre-defined probability distribution
(see Table 1). Fishing mortality rates for Nassau
grouper at non-spawning aggregations (F 1) and
spawning aggregations (F 2) were varied from 0 to 2
times the current fishing mortality rate. For each
combination of F values, Monte Carlo simulation of
200 runs was undertaken, and the median and 95%
confidence intervals for catch and spawning potential were calculated.

A simple bioeconomic analysis was conducted to
explore the effects of different scenarios of fishing
mortality in non-spawning and spawning periods on
economic rent of the Bahamas’ Nassau grouper fisheries. First, based on the fisher interviews (see next
sub-section), we estimated the average price of Nassau grouper in the Bahamas in the 2000s period.
Also, we obtained estimates of fixed (interest and
depreciation) and variable (fuel, repair, labor) costs
from the Global Ocean Economic project fishing cost
database (Lam et al. 2011). We calculated the economic rent as:
Rent = Price × C − Variable cost × f − fixed cost (11)
where C is catch calculated from the population
dynamic model under a fishing mortality of F. We
assume that fishing effort f is directly proportional to
F. We then calculate the fishing mortality to achieve
equilibrium maximum economic rent (MER), or FMER.

Analysis of data from the interview survey
Information from an interview survey with 280
Bahamas’ fishers conducted by the Bahamas Department of Marine Resource in 2010 was analyzed
(Department of Marine Resources, Government of
the Bahamas unpublished data). The survey focused
strongly on soliciting information and views in relation to the spawning aggregation closures initially
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1400

Reported
landings

a

1200

Catch (tonnes)

implemented in the late 1990s. Fishers’ information
and views on the economic importance of the Nassau
grouper fishery to their livelihood, and the trends of
the fishery and population, before and after the
spawning recruitment closure, were collated. Also, in
an additional set of 32 interviews, fishers were asked
about the price of Nassau grouper catch and their
concerns on the future of the Nassau grouper fishery.
This information was used to supplement results
from the stock assessment to develop a more comprehensive understanding of the status and trends of the
Nassau grouper population and fisheries.
Descriptive statistics were presented in most cases
except in the analysis of fishers’ experience on previous catches of Nassau grouper from spawning aggregations. In the latter case, specifically, we investigated the changes in the largest catch from spawning
aggregations that the fisher had ever had in different
periods of the past because this indicates a ‘shifting
baseline’ of fishers’ understanding of the abundance
and productivity of the resources over time (SáenzArroyo et al. 2005), and, moreover, fishers are more
likely to remember their largest rather than their
average catches; the occurrence of a ‘shifting baseline’ towards less abundant and productive fish populations is an indication of degradation of the
resources (Pauly 1995, Jackson et al. 2001). We calculated the CPUE, expressed as weight of fish caught
per day, reported by the fisher. We grouped the
records by time periods (1980s or earlier, 1990s,
2000s) and fishing gear used. We used a GLM to
standardize the reported CPUE and test for any
changes in CPUE over different time periods.

Corrected
landings

1000
800
600
400
200
0
1994

% of total reported landings

32

12

1999

2004

2009

2004

2009

b

10
8
6
4
2
0
1994

1999

Year
Fig. 1. Epinephelus striatus. Reported landings (in t) of Nassau grouper in the Bahamas from 1994 to 2009 (a) as compiled by the Bahamas Department of Marine Resources
(solid line) and corrected for under-reporting of fisheries
landings by a factor of 94% (broken line, Ehrhardt & Deleveaux 2007), (b) expressed as a percentage of the total reported landings for all fishes and invertebrates. The ban on
fishing of spawning aggregations began in High Cay in December 1998 and was later extended to Long Island. There
were no closures in 2001 to 2004 but a 2 mo closure, later
extended to 3 mo, started in 2005

RESULTS
Catches and CPUE
Total landings of Nassau grouper in the Bahamas
declined gradually from 1994 to 2009, according to
official government figures (Fig. 1). As reported by
Ehrhardt & Deleveaux (2007, p. 19)
[a] survey of local fish consumption in the Bahamas during 2003 (Talaue-McManus and Hazell, personal communication) estimated that the official grouper statistics
were underestimated by 94%...

Therefore, we corrected for the reported landings
by an assumed under-estimation of 94%. Overall,
Bahamas’ Nassau grouper catches declined from
around 1300 t in 1994 to 400 t in 2009 (Fig. 1a), representing a 70% decline during this period. Moreover,
the proportion of Nassau grouper in the total fishery

landings in the Bahamas also declined from 10 to
< 4% during this period, suggesting that the decline
in landings was not mirrored in other exploited taxa
(Fig. 1b). Various reasons may explain the decline in
Nassau grouper landings, including decline in stock
abundance, reduction in fishing effort, and/or an
increase in the level of under-reporting of fishery
landings.
Analysis of the daily CPUE data from 1999 to 2004
suggested that Year is not a significant factor explaining the variation in CPUE (see the supplement).
Part of the variation in CPUE can be explained by
fishing gear type (higher for spearfishing, fish-trapping, and unspecified gear), fishing ground (higher
in New Province, Nassau), and season (lower in February, March, and July to September).
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Mortality, selectivity, and abundance in 1998 to 2001

33

a

1998/1999

12

Population dynamic modeling
The model outputs indicate that, if fishing effort for
the Bahamas’ Nassau grouper has not been reduced
from the 1998 to 2001 level (the data analyzed come

10
8

y = –0.4495x + 17.963

6
4
2
0
0
14

5

10

15

20

b

25

30

1999/2000

12
10

ln(N) /Δt

Re-analysis of the catch (landings)-at-length data
suggests that fishing mortality and exploitation rates
of the Bahamas’ Nassau grouper population from
1998 to 2001 may be higher than previous estimates.
Total mortality rates, estimated from the slope of the
length-converted catch curves, were 0.45, 0.42, and
0.36 yr−1 for the periods 1998/99, 1999/00, and 2000/
01, respectively (Fig. 2). Based on the natural mortality rate of 0.18 yr−1 used by Ehrhardt & Deleveaux
(2007), the fishing mortality rates were estimated to
be 0.27, 0.24, and 0.18 yr–1 while the exploitation
rates (U ), calculated as U = F/Z, were 0.6, 0.57, and
0.50, respectively. These are higher than the fishing
mortality and exploitation rates estimated by
Ehrhardt & Deleveaux (2007) using the same set of
data and methods, with their estimated F and U ranging from 0.06 to 0.11 yr−1 and 0.25 to 0.38, respectively. Estimates of F and U from the present study
were used in VPA and the stock assessment model.
Based on length-based VPA, abundance of the
Bahamas’ Nassau grouper from 1998/99, 1999/00,
and 2000/01 was estimated to be 72.6 million, 54.5
million, and 44.2 million fish, or 177 400, 134 500
and 112 000 t, respectively. Estimated recruits to the
stock (assumed to be fish less than 40 cm) were 20.3
million, 15.3 million, and 12.0 million. Abundance
and recruitment appeared to be declining, although
estimates for a period of 3 yr could not be used to
infer the longer-term trend. Because of the difference in estimated fishing mortality rates, abundance
and biomass estimated from this study are higher
than the original estimates of Ehrhardt & Deleveaux
(2007): 35 to 52 million fish or 116 000 to 131 000 t,
respectively). Selectivity of the Bahamas’ Nassau
grouper fisheries was estimated to be dome-shaped.
The average fishery selectivity between 1998 and
2001, representing the proportion of the population
vulnerable to fishing mortality, was estimated to be
dome-shaped with sizes-at-50% capture of about 59
and 76 cm, and size-at-100% capture of 64 cm. The
estimated selectivity was applied to the population
dynamic model to simulate responses of the Nassau
grouper population to different levels of fishing
mortality.

8
y = –0.4182x + 16.972
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6

y = –0.3628x + 15.995

4
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10
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Age
Fig. 2. Epinephelus striatus. Analysis of landings-at-length
data using the length-based catch curve for the periods (a)
1998 to 1999, (b) 1999 to 2000, (c) 2000 to 2001. Black dots
represent the length/age after which individuals were fully
vulnerable to fishing gear and were used in the linear regressions; open dots are data points excluded from the
analysis. Total mortality (Z) of the populations was estimated
from the slope of the fitted line. N: number of fish; Δt: as
defined in Eq. (2)

from this period), the stocks are likely to be overexploited (Fig. S1 in the supplement at www.int-res.
com/articles/suppl/n020p027_supp.pdf). Assuming
that the closure of the spawning aggregation season
is perfectly implemented and enforced, the median
value of FSPR=35% on non-spawning fish would be
50% of the fishing mortality of the 1998 to 2001 level
(Fig. S1). The 5 and 95% confidence limits are estimated to be less than 20% and more than 100% of
the fishing mortality at the 1998 to 2001 level, respectively. In other words, if (1) fishing mortality rates of
non-spawning fish are maintained at the 1998 to
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2001 level and (2) fishing on spawning aggregations
is negligible, the median spawning potential (spawner
biomass relative to the unexploited level) is expected
to be around 25% (5 and 95% CI of 20 and 30%,
respectively). This is significantly below the reference limit of 35% of spawning potential, meaning
that there is a high chance of recruitment overfishing
because of the low spawning stock biomass. We considered the possibility that fishing mortality in the
1998 to 2001 period was over-estimated because of
the uncertainty in the catch-curve analysis. Testing
the sensitivity of the results to a lower fishing mortality rate (50% of the estimated rate from the catchcurve analysis), spawning potential may be a median
of around 35% (5 and 95% CI of 20 to 40%) relative
to the unexploited level. Under either scenario, and
given poor enforcement, it is clear that any increases
in the fishing mortality rate (relative to the average
1998 to 2001 level), either in non-spawning or in
spawning periods, may lead to alarmingly low
spawning potential.
Any fishing effort on spawning aggregations,
through poaching or opening of the fishing closure,
may lead to further reduction in spawning potential.
For instance, if the fishing closure on spawning
aggregations or during the spawning season were to
be completely lifted, and if both the non-spawning
period and spawning periods were subject to the
baseline (1998 to 2001) fishing mortality rate, the
median spawning potential is expected to be
reduced to below 20% of the unexploited level, with
significant chances of elimination of spawning biomass (probability > 5%, Fig. S1).
The median fishing mortality rate that achieves
long-term MSY was estimated to be approximately
80% of the baseline (1998 to 2001) level, with lower
and upper 5% confidence limits of 40 and 90% of the
baseline level, respectively (Fig. S2 in the supplement at www.int-res.com/articles/suppl/n020p027_
supp.pdf). The large confidence intervals mean that
there is a significant chance that the population may
now be over-exploited if fishing mortality remains at
the 1998 to 2001 level (> 5%). The fishery may be
considered fully exploited if we conservatively assume
that fishing mortality rate is 50% the estimated value
from the catch-curve analysis.

Bioeconomic analysis
We found that fishing mortality should be reduced
from the 1998 to 2001 level to achieve MER (Fig. S3 in
the supplement at www.int-res.com/articles/suppl/

n020p027_supp.pdf). Based on the supplementary
interviews with 32 fishers, the estimated average
price reported by the study is US$ 5.17 kg−1 of catch.
Variable and fixed costs from the Global Ocean Economic project are $0.83 and $0.06 kg−1 of catch,
respectively. Under the scenario where the spawning
population of Nassau grouper is fully protected, the
median FMER was calculated to be approximately
60% of the baseline (1998 to 2001) level. The most
profitable scenario appears to be halving the nonspawning fisheries while fishing modestly on the
spawning aggregations. However, such a strategy
would result in large depletion of spawning potential
to less than 30% of the unexploited level and thus
would be ecologically undesirable. It would also be
very difficult to control/enforce.

Analysis of interview data
From 2009 to 2011, 280 Bahamas’ fishers were
interviewed during a project conducted by the
Bahamas’ Department of Marine Resources. The age
of these fishers ranged from 20+ to over 70 yr old,
with the majority being in their 30s to 60s. Most had
at least 15 yr of experience fishing in the Bahamas,
and most were engaged in fishing full-time with
around 60 being part-time, subsistence, or occasional
fishers. For most of the interviewed fishers, however,
fishing is typically their main livelihood, contributing
over 75% of the income. Fishermen were interviewed from areas throughout the Bahamas north of
Crooked Island. Catches of Nassau grouper make up
5 to 50% of their income, both before and after the
spawning aggregation closure in 1998, although its
contribution to fishers’ incomes appears to have
reduced after the closure.
The interviewed fishers were asked about their
perspective on the trend of the Bahamas’ Nassau
grouper landings in the 1990s prior to the spawning
aggregation closure. About 41% of fishers thought
that the fishery during the non-spawning period was
stable, while more fishers thought that landings
decreased rather than increased or remained stable
during the spawning period (Fig. 3). The perceived
trends during and outside of the spawning aggregation periods were significantly different (χ2 test
< 0.01). Overall, the average number of fishing days
reported by the interviewed fishers increased from
4 d yr−1 in the 1980s to 6.5 d yr−1 in the 2000s.
Although the increase was not statistically significant, it does suggest that increasing catches might
have been attributable to increased effort.
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The interviewed fishers reported the largest catch
of Nassau grouper on a single trip from fishing a
spawning aggregation that they could remember,
with the results suggesting that the maximum catch

was perceived to have declined in recent years
(Fig. 4). Most of the fishers recalled their largest
catches from spawning aggregations in the 1990s
and 2000s (Fig. 4a). However, after accounting for
the reported fishing effort (number of days) used to
obtain the catch, by converting the recalled catch
into CPUE (catch per day fishing) and standardized
across fishing gear types through a GLM, CPUE
appeared be on a declining trend from the 1980s, or
before, to the 2000s. Particularly, the standardized
CPUEs in the 2000s were significantly lower (by an
average of about 40%) than the reported CPUEs in
the 1980s or earlier (Fig. 4b). Thus, although the
largest catches occurred in more recent years, this
was achieved through higher fishing effort. The
interviewed fishers reported some differences in
catch during non-spawning periods before and after
the spawning aggregation closure. Fishers had
diverse views regarding their present Nassau
grouper catch during non-spawning periods compared to before the closure (Fig. 5).
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Spawning aggregation
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Fig. 3. Epinephelus striatus. Perceptions of interviewed
fishers on the trends of landings in the Bahamas during the
non-spawning period (grey bars) and spawning aggregation
period (open bars) in the 1990s prior to the spawning aggregation closure
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The majority of the fishers (82%) had concerns
about the future of the Bahamas’ Nassau grouper
fishery (Fig. 6). The most common concerns were
with overfishing of the population and the long-term
sustainability of the Nassau grouper fishery (N = 48
responses), and the issues of poaching and ‘monitoring, control, and surveillance’ (MCS) for the spawning aggregation closure (N = 45). There was some
concern about the continued closure of the spawning
aggregation (N = 22). Some thought that it would
affect their livelihood, while some thought it should
be modified to increase its effectiveness. Another
concern was the increased exploitation of small-sized
fish (N = 17). Some fishers expressed concerns about
fishers using compressors to fish, the effects of largescale foreign fishing, and invasive species (specifically lionfish). Nineteen interviewed fishers expressed
support of the closure.

This study suggests that the Nassau grouper population in the Bahamas may be over-exploited. First,
the Bahamas’ Nassau grouper landings have been
declining steadily since the 1990s, while total fishery
landings did not decline to the same extent, indicating a differential decline in the Nassau grouper. This
decline occurred before the implementation of the
spawning aggregation closure. The declining landings, particularly from spawning aggregations prior
to the closure, were also reflected in the fisher interviews. The Nassau grouper population was likely to
be fully exploited, and possibly over-exploited, in
1998 to 2001, given that the estimated fishing mortality rates were higher than the fishing mortality reference points reported by Ehrhardt & Deleveaux (2007)
(Fmax = 0.15 yr−1 and F0.1 = 0.14 yr−1).
An alternative explanation for the decline in landings since the 1990s is a reduction in fishing effort
and an underexploited stock. However, there was no
indication that fishing effort during the non-spawning period has declined substantially over the period
examined; indeed, the opposite is suggested. Particularly, most of the fishers engage in multi-species
fisheries, and Nassau grouper is only one of the many
species they catch. There was no apparent reduction
in landings of other species, suggesting that the overall fishing effort did not decline. Also, although bans
on fishing during spawning and on selected spawning aggregations have been implemented since the
late 1990s, which may have reduced overall Nassau
grouper catch, the decline in catch started before the
implementation of these measures. At the same time,
a considerable level of poaching was reported by the
interviewed fishers. Moreover, fishers also reported a
reduction in mean body size of the catch; this is often
a sign of over-exploitation of the population. Other
alternative explanations for the decline in landings
and CPUE may include invasive species, climate
change, and/or diseases/parasites that led to unaccounted mortalities or reduction in population abundance and productivity. However, there was no evidence to support these alternative explanations.
If fishing effort has remained similar to that in 1998
to 2001 or has since increased, spawning potential of
the Nassau grouper population is likely now reduced
to a level that would have resulted in recruitment
overfishing. This is indicated by outputs from the
population dynamic model that suggest that the population is likely to be fully to over-exploited, with
dangerously low spawning potential, assuming the
1998 to 2001 fishing mortality level. Particularly, esti-
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mates of FMSY are based on the assumption that the
spawning aggregation closure was perfectly implemented and enforced and that fishing mortality rate
on spawning aggregations is negligible. However,
this assumption is not valid, as problems with enforcing the seasonal closure and poaching were clearly
identified by the fishers who reported that fishing
occurred on the spawning aggregation(s) after the
closure. The population dynamic model suggests that
any level of fishing on spawning aggregations in
addition to the existing level of fishing on nonspawning stocks would greatly increase the extent of
over-exploitation and risk of recruitment failure
(indicated by low spawning potential). Moreover, the
maximum number of Nassau grouper caught per day
from spawning aggregations reported by the interviewed fishers declined significantly over the 3
decades immediately prior to the closure. All of these
observations are fully consistent with the suggestion
that the Bahamas’ Nassau grouper population has
been over-exploited. Given that continued fishing on
spawning aggregations is likely (see results from
fisher interviews), fishing effort in the non-spawning
period needs to be substantially lowered from the
baseline level. Otherwise, the Nassau grouper population will continue to be overfished.
A precautionary approach to managing the
Bahamas’ Nassau grouper is to maintain the spawning aggregation period closure, and improve the
MCS of the fishery, while, in addition, fishing effort
during non-spawning periods should be reduced
from the 1998 to 2001 level. Nassau grouper populations have been widely overfished, as judged by the
disappearance of spawning aggregations and vanishing landings in most of the species’ geographic
range. Our assessment further suggests that the population in the Bahamas may have a high risk of
recruitment failure and serious over-exploitation,
particularly if the fishing closure during the spawning period were to be lifted, or poaching during the
closure were to occur. Also, we did not account for
the scenarios of fishing gear changes, e.g. changes in
gear selectivity to include smaller fishes or the use of
compressors. Accounting for this factor may reduce
the optimal fishing mortality for the Nassau grouper
population. These other possible scenarios highlight
the risk and high susceptibility of the species to overexploitation. The species is listed as ‘Endangered’ on
the IUCN Red List of Threatened Species due the
above concerns. It is a priority to ensure that the fishing closure is effectively enforced.
It is clear that fishing effort during the non-spawning period should be maintained below the 1998 to
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2001 level. Reducing fishing effort level from that
level will also improve the economic performance
(rent) of these fisheries. Thus, the reduction in fishing
mortality F appears to be a ‘win−win’ strategy to
achieve favorable ecological and economic objectives in the long term. In addition, the use of new
technology (e.g. compressor) or modification of fishing gear (e.g. introduction of gear that targets smaller
fish), both expressed as concerns by interviewed
fishers, should be monitored and taken into account
when deciding management measures. The introduction of compressors, in particular, should be a
major cause for concern, given its contribution to
overfishing in many parts of the Pacific and as a
cause of decompression sickness in fishers (Gillett &
Moy 2006). Other potential and emerging threats,
such as species invasion (e.g. lionfish; Albins & Hixon
2008) and climate change (Cheung et al. 2009),
should be monitored and assessed.
Although data for the current assessment are limited, the use of multiple data sources and approaches,
as in the present study, substantially increases the
robustness of the assessment. Formal data for fishery
stock assessment are limited, with catch-at-size data
only available for the 1998 to 2001 period, while
detailed fishing effort data are not available. Also, we
did not consider the spatial dynamics of the population and fisheries which may have implications for
the interpretation of the data. For example, fishing
may have sequentially exploited the Nassau grouper
population. Thus, fish catches may remain stable
although total population size has decreased (Sadovy
& Domeier 2005). Thus our assessment on the reported CPUE over time may underestimate the population decline. We attempted to address some of the
uncertainties of the input parameters used in the
assessment using a Monte Carlo approach. Accounting for these uncertainties, the recommendation that
spawning aggregations should be more effectively
protected and that fishing effort should not be increased from the 1998 to 2001 level appears robust.
Also, we supplemented formal assessment with data
collected from sporadic surveys and recent fisher
interviews. Results obtained from assessing the various data sources and types of data appear to corroborate each other. This suggests some robustness in
our analysis.
Data necessary to assess the current status of the
population should be collected regularly to re-assess
the status of the species and compare it with earlier
assessments. These data should include at least (1)
total catch and landings (by fishing gear); (2) fishing
effort (by location); (3) catchability and its changes
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over time/space; (4) catch-at-size data (preferably
fishery-independent); (5) CPUE and/or abundance
data (preferably fishery-independent); and (6) price
and fishing costs (by fishing gear types).
Trade-offs are likely to exist between the move to
more sustainable management of the Bahamas’ Nassau grouper population and the livelihood of the fishers in the short term. From the interview survey,
some fishers who were concerned about the closure
of the spawning aggregation felt that the closure was
negatively affecting their income and livelihood.
However, our bioeconomic analysis suggests that the
spawning aggregation protection would increase the
long-term economic rent of the Bahamas’s Nassau
grouper fishery. On the other hand, a large proportion of fishers also expressed their concerns about
overfishing, Nassau grouper depletion, and sustainability of the fishery. If over-exploitation is the cause
of the declining catch and CPUE in recent decades,
rebuilding of the over-exploited population would
actually improve the economic performance of the
fishery over the intermediate to long term, and hence
benefit the income and livelihood of the fishers. If the
present situation is not addressed, however, overexploitation could spiral down to the loss of revenue
through ongoing declines in landings and abundance, with the possibility of collapse of the fishery
and unknown prospects for recovery. The latter has
happened in other Nassau grouper fisheries in the
region (Sadovy & Eklund 1999, Sala et al. 2001).

regularly to re-assess the status of the species and
compare it with earlier assessments. These data
should include at least the 6 points mentioned in the
‘Discussion’ above. All results indicate that the fishery appears to be under decline, with threats to
spawning biomass. Given that the Nassau grouper is
an aggregating species, attention must also be paid
to the possibility that severely reduced aggregation
sizes could compromise reproduction, as, for example in the case of the Allee effect (Sadovy de Mitcheson & Erisman 2012). A precautionary approach to
managing the Bahamas’ Nassau grouper is, at the
very least, to maintain the spawning aggregation
period closure, and to improve the MCS.
Moreover, fishing effort during the non-spawning
period should be reduced from the 1998 to 2001 level
and attention paid to catches of immature fish and
compressor-based fishing. Such measures would
address the principal concerns expressed by fishers
about the Nassau grouper fishery in relation to the
sustainability of the fishery and the issues of poaching and enforcement of fishery management measures. Although decline in F (fishing mortality, proportional to fishing effort) may affect the short-term
economic benefits, the fishery would perform better
economically over the long term. The social implications of these management policies (e.g. in terms of
livelihood and equality of access to resources by
communities) were not assessed in this study and
should be evaluated in future studies.

CONCLUSIONS
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This study assessed the status and trends in the
Bahamas’ Nassau grouper population and fishery.
The results suggest that the population is likely to be
fully to over-exploited, although this needs to be validated when more fishery and population data are
collected and analyzed. A number of international
conventions including the United Nations Convention on the Law of the Seas and the Convention on
Biological Diversity stipulate that the signatory countries, including the Bahamas, should ensure sustainable management (generally defined by the MSY in
these conventions) of their fisheries resources, further highlighting the need to ensure effective management of the Bahamas’ Nassau grouper fisheries,
while the FAO Code of Conduct for Sustainable Fisheries outlines a voluntary set of guidelines for sustainable management, including the protection of
spawning grounds. Data necessary to assess the
current status of the population should be collected
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