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ngler motivations

a  b  s  t  r  a  c  t

Despite  uncertainties  surrounding  the  protected  Atlantic  goliath  grouper’s  stock  size  and  resilience,  fish-
ery managers  are  under  pressure  to end  the harvest  moratorium  in  place  since  1990.  The present  study
sought  to  measure  the  proportion  of anglers  interested  in  reopening  the  goliath  grouper  fishery  and  to
identify  key  reasons  for this  interest.  We also  present  an  estimate  of the  amount  that  anglers  would
be  willing  to  pay  for a goliath  grouper  harvest  tag  (the  right  sold  to  an  angler  to harvest  one  goliath
grouper).  A survey  was  mailed  to  a random  sample  of Florida  (USA)  residents  with  a  recreational  fishing
license.  Approximately  half of  the respondents  agreed  that the  goliath  grouper  should  now  be  open  to
recreational  take. A probit  analysis  indicated  that  the  best  predictor  for the  opinion  the  fishery  should
be  open  is the  belief  that  there  are  “too  many  goliath  grouper.”  Also,  more  anglers  agreed  than  disagreed
illingness to pay that  goliath  grouper  are eating  “all  the  fish  on  the reef,”  a  belief  that was  related  to  anglers  personally
viewing  goliath  grouper  depredation.  The  mean  willingness  to pay  for a goliath  grouper  harvest  tag  was
estimated  to be  between  $34  and $79. This  information  can  be used  to estimate  the  potential  revenues
available  from  a  hypothetical  tag  system  and  can  be compared  with  the  economic  value  of  goliath  grouper
in non-consumptive  uses  such  as  recreational  diving.

©  2014  Elsevier  B.V.  All  rights  reserved.
. Introduction

After decades of heavy fishing in US waters, the Atlantic goliath
rouper spawning stock biomass declined to about 5% of virgin lev-
ls, which prompted a harvest moratorium in 1990 (Porch et al.,
006). A 2006 evaluation by the National Marine Fisheries Service
NMFS) suggested that the moratorium had successfully increased
dult abundance to about 30% of virgin levels (but see McClenachan,
009 for discussion about the appropriate baseline), which led to
he grouper’s removal from the NMFS species of concern list (NMFS,
006). Nevertheless, high uncertainty remains among fishery man-
gers as to the goliath grouper’s stock size and age class structure
Cass-Calay and Schmidt, 2009) and the species is still considered
ritically endangered throughout its range (IUCN, 2014).

Despite the uncertainty surrounding stock size and resilience
o fishing, fishery managers are revisiting the goliath grouper har-

est moratorium. Some anglers have voiced concerns that goliath
rouper are damaging the reef fish community, that there are
oo many of them, and that recreational take should be allowed

∗ Corresponding author. Tel.: +1 305 421 4624.
E-mail address: geoffreyshideler@gmail.com (G.S. Shideler).

ttp://dx.doi.org/10.1016/j.fishres.2014.07.009
165-7836/© 2014 Elsevier B.V. All rights reserved.
(Frias-Torres, 2013; GS pers obs). Further, anglers report viewing
depredation events (goliath grouper taking angler’s hooked fish),
which serves to increase angler annoyance and reinforces angler
perceptions that goliath grouper are major consumers of other reef
fishes. Koenig et al. (2011) contended that angler misconceptions
about the goliath grouper reflect the “poor job” the scientific and
management community has done communicating to the public.
In general, the majority of information about angler perceptions
regarding goliath grouper is anecdotal and empirical verifica-
tion is lacking. A previous email-based survey of goliath grouper
stakeholders found a majority of recreational Florida anglers have
interest in harvesting the species, but suggested additional in-
depth research of each stakeholder group to better understand their
perceptions (Lorenzen et al., 2013). Without proper insight into
Florida recreational angler perceptions, management is unable to
place the demand for the reopening of the goliath grouper fishery
into the appropriate context or to foresee the likely effects of future
management decisions.

Though some anglers are pressuring for protection to be lifted,

there is still uncertainty surrounding how representative these
vocal anglers are of Florida recreational anglers, what influences
their beliefs, or how much they are willing to pay to harvest a fish.
The present study sought to answer two questions about Florida

dx.doi.org/10.1016/j.fishres.2014.07.009
http://www.sciencedirect.com/science/journal/01657836
http://www.elsevier.com/locate/fishres
http://crossmark.crossref.org/dialog/?doi=10.1016/j.fishres.2014.07.009&domain=pdf
mailto:geoffreyshideler@gmail.com
dx.doi.org/10.1016/j.fishres.2014.07.009
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ecreational anglers with respect to the goliath grouper using a
7-question mail survey distributed to a random sample of 1000
lorida residents with recreational fishing licenses: (1) What pro-
ortion of anglers favor reopening the fishery and why?; and (2)
ow much are anglers willing to pay to harvest a goliath grouper?
o answer these questions, we used a modeling approach to exam-
ne which variables are the best indicators of angler beliefs about
eopening the fishery, and used the contingent valuation method-
logy (CVM) to calculate measures of mean willingness to pay
or the right to harvest goliath grouper. We  also examined how
illingness to pay for the harvest tag varies among subgroups of

lorida anglers. Results from the present study may  afford fish-
ry managers a context in which to place the vocal Florida anglers
ressuring policymakers to reopen the fishery. Further, results may
llow for comparison with future estimates of non-consumptive
se value of goliath grouper.

. Methods

.1. Survey

A survey to quantify angler perspectives was designed (for full
urvey and results, see Appendices) following the recommenda-
ions of the “tailored design method” outlined by Dillman (2007).
ecause the survey was intended for anglers who fish recreation-
lly in Florida, the sample frame was based on individuals that were
icensed saltwater anglers. State saltwater license-holder informa-
ion (containing names, addresses, license types, demographics,
tc.) was obtained from the Florida Fish and Wildlife Conserva-
ion Commission (FWC) in July 2012, which comprised 1,011,562
ndividual licenses and associated data. The sample frame was
estricted to resident 1-y, 5-y, or lifetime saltwater fishing license
ypes [omitted license types included snook and lobster endorse-

ents (duplicative), non-resident licenses, charter licenses (as
he survey questions were designed for individual anglers), and
omprehensive license types less likely to be regular saltwater
nglers (hunting/freshwater/saltwater combinations)]. Individuals
ounger than 18 y of age (minors) also were removed from the list.
fter this process, the sample frame was reduced down to 475,091

ndividuals, from which a random sample of 1000 individuals was
rawn using a simple random selection.

The sample was randomly ordered, numbered, and individuals
ere assigned to bins of 100 (e.g., 1–100, 101–200, etc.) for assign-
ent to 10 versions of the survey with 10 unique dollar amounts

or the willingness-to-pay dichotomous choice component of the
tudy (see willingness to pay section below). Each individual’s sur-
ey was printed with a unique identifying number, and individual
urveys were matched with the corresponding mailing address
abel to ensure that each survey was sent to the appropriate individ-
al, but also to ensure that the survey results were kept anonymous
o anyone without access to the secured database.

The survey was accompanied by a letter of explanation and
nformed consent, and with contact information for questions.
unding limitations precluded the use of a pre-paid cash incentive
ith each mailing to increase response rate. Although research has

hown that a lottery prize has minimal effects compared to no prize
control) or pre-paid cash incentives (Dillman, 2007), the letter of
xplanation communicated that all participants would be included
n a raffle for a prize at the end of the study period, per previous
ngler studies (e.g., Larkin et al., 2010 and references therein).

The first wave of mailings was sent in May  2013. As responses

ere received, the sample list was adjusted to account for indi-

iduals who had responded or letters that were returned as
ndeliverable. If an expired forwarded address was listed on a
eturned envelope, the address for the individual was updated for
arch 161 (2015) 156–165 157

future mailings. A second wave of mailings was  prepared and sent
(July 2013) to those who had not yet responded.

2.2. Survey error and analysis

Sampling error was derived following Dillman (2007). A mail
survey was chosen over an email survey because less than half of
licensed anglers in Florida provided an email address. Also, using
standard mail avoids the potential bias in the subsample of individ-
uals willing to disclose an email address to a government agency.
One of us (GSS) conducted a survey pilot study in February 2013 at
a local fishing club located in Hollywood, Florida. The results of the
pilot study were used to improve the survey design.

We used a Lagrange Multipiler test to evaluate nonresponse
error (Whitehead et al., 1993; Fisher, 1996; Marra and Radice,
2011) using the R package “SemiParBIVProbit” (Marra et al., 2013).
The Lagrange Multiplier test is used to test the null hypothe-
sis that there is no sample selection error present (Marra et al.,
2013). Demographic data provided as part of the Florida saltwater
fishing license database outlined above were used in the model,
including age, sex, ethnicity, license type, and Florida region. We
supplemented these data with the political affiliation of each angler
as listed in public records (using http://www.politicalstrategies.
com/VoterSearch.aspx).

All categorical and ordinal responses were coded to numerical
values, and were coded as binomial values for models. If an angler
provided a range (e.g., for number of fishing trips per month), the
midpoint for that range was used. Response refusals for income
and education were replaced with the mean values of the valid
observations so that other survey responses were not lost in analy-
ses (Whitehead et al., 1993). All means are reported with standard
errors, and statistical significance was  declared at P < 0.05. Statisti-
cal analyses were conducted using the R Environment for Statistical
Computing (R Core Team, 2012).

2.3. Survey questions

2.3.1. Perceptions of goliath grouper abundance changes over
time

To gauge the perceptions of goliath grouper abundance changes
over time, anglers were asked to estimate encounter rates for three
points in time: 2012 (survey read “last year”), 2008 (survey read
“five years ago”), and when an angler first started fishing (calcu-
lated as 2013 minus reported number of years fishing). We  binned
these reported encounter rates into six groups: pre-1980 (pre-
heavy exploitation), 1980–1989 (the years of heavy exploitation
leading up to the moratorium), 1990–1999 (the first decade of the
moratorium), 2000–2007 (the second decade of the moratorium),
2008–2009 (five years ago binned with individuals who  began
fishing within this time), and 2010–2012 (last year binned with
individuals who  began fishing within this time). For each of these
time periods, we calculated the probability per trip that anglers
would encounter a goliath grouper. This was  accomplished by sum-
ming the medians of the frequency ranges anglers reported to have
encountered goliath grouper (e.g., 10–25% of trips = 17.5%), which
was divided by the sum of the total number of fishing trips anglers in
that time period indicated they took per month. We  then truncated
the data at 1993 to aid in comparison to the Reef Environmental
Education Foundation (REEF) database (which was  also calculated
as percent of total dive trips), a citizen-science diving survey effort
that has been cited as the best available index of abundance for the
goliath grouper in Florida (see Koenig et al., 2011).
2.3.2. Belief about reopening the fishery
We used a probit model to estimate the probability that an

angler would agree that the fishery should be reopened to harvest.

http://www.politicalstrategies.com/VoterSearch.aspx
http://www.politicalstrategies.com/VoterSearch.aspx
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Table 1
Summary of responder and non-responder demographics obtained from the Florida
Fish and Wildlife Conservation Commission Saltwater Angler License Database.
Sample includes deliverable mailings only.

Sample (n = 876) Responders (n = 164)

Age (mean yrs) 42.8 (SE 0.44) 44.66 (SE 1.08)
Gender

Female 241 (27.7%) 48 (29.3%)
Male 629 (72.3%) 116 (70.7%)

Ethnicity
Whites 746 (85.7%) 154 (93.9%)
Non-whites 124 (14.3%) 10 (6.1%)

License type
1 year 675 (77.6%) 112 (68.3%)
5 year 186 (21.4%) 48 (29.3%)
Lifetime (13–64) 9 (1.0%) 4 (2.4%)

Region
Florida Keys 29 (3.3%) 3 (1.8%)
Northeast Florida 134 (15.4%) 23 (14.0%)
Northwest Florida 236 (27.1%) 40 (24.4%)

survey (those unfamiliar with goliath grouper were asked to skip all
goliath grouper-related questions). Of the anglers familiar with the
goliath grouper, about 94% (n = 144) indicated that they had not par-
ticipated in targeted catch-and-release fishing of goliath grouper in

Table 2
Results of a probit model for survey response/nonresponse. For modeling purposes,
factors were simplified to binomial logical expressions (e.g., regions north-
east, northwest, southeast, southwest, the Keys simplified to the logical South
Florida = True/False). Significant factors are in bold.

Coefficients Estimate SE z value P

(Intercept) −1.3967 0.2912 −4.796 <0.0001
Age 0.0044 0.0039 1.106 0.2686
Female
Male −0.0597 0.1111 -0.537 0.5912
Nonwhite
White 0.5714 0.1762 3.243 0.0012
58 G.S. Shideler et al. / Fisherie

e  used a stepwise model selection method using Akaike informa-
ion criterion (AIC; package MASS in R; Venables and Ripley, 2002)
o find the model that best fit the data, then used the final model to
stimate an angler’s probability of agreeing that the fishery should
e open. The variables considered in the model included: age, gen-
er, ethnicity, education, political affiliation, region fished, license
ype, years fishing, fishing trips per month, and the various beliefs
egarding goliath grouper.

.3.3. Willingness to pay for a goliath grouper harvest tag
We used a dichotomous choice contingent valuation question to

stimate the potential value of goliath grouper harvest tags. Each
ngler answered “yes” or “no” to the following question with ran-
omly varying harvest tag costs ($1, $5, $10, $20, $50, $100, $200,
500, $1000, or $2000):

“Right now, it is illegal to possess (for example, remove from
water to take a picture) or harvest (keep) a goliath grouper.
Suppose the fish population was considered healthy and Florida
Fish and Wildlife Commission was selling tags that would per-
mit  you to possess or harvest a goliath grouper, would you be
willing to pay $X.XX (in addition to your annual fishing license
fee) to obtain a tag?”

Using this information from all respondents, we applied the
urnbull method to estimate the lower bound for the mean willing-
ess to pay for a goliath grouper harvest tag (Haab and McConnel,
997). The lowest value an angler was assumed to be willing to
ay for a goliath grouper harvest tag was $0.00, as the price for a
ag for harvest cannot be a negative value. To estimate the upper
ound, one must know the highest price an angler would pay for

 tag, otherwise any upper bound estimate will be arbitrary (Haab
nd McConnel, 1997). It cannot be said with confidence what con-
titutes the highest amount an individual would be willing to pay.
ecause some anglers were willing to pay $500, but none were
illing to pay greater (see Results for more information), in an

ffort to make a conservative and reliable upper bound estimate,
e used $501 as the maximum willingness to pay for a tag in all
onparametric measures that required an upper bound; we used
he Paasche method (Boman et al., 1999) for estimating the upper
ound of the mean and the Kristrom method (Kristrom, 1990) for
he intermediate mean value, both of which use similar methods
o that of the Turnbull method for computing estimates based on
VM response data.

We hypothesized that the most influential factor affecting
hether anglers would be willing to pay for a goliath grouper har-

est tag would be the belief that the fishery should be open now.
hus, we used a probit model to investigate the effect of this belief
n willingness to pay for a harvest tag.

. Results

Of the 1000 mailed surveys, 124 were returned as undeliv-
rable. Of the 876 delivered surveys, 164 were completed and
eturned for analysis (7.65% survey error at 95% confidence). The
ge distribution of responders differed significantly from the sam-
le frame [sample frame: 42.8 (SE 0.44) y; responders 44.7 (1.08)
; Kolmogorov-Smirnov test: D = 0.1171, P < 0.05], the license types
or the responders differed significantly from the sample frame
Chi-square test: �2 = 183.5753, df = 4, P < 0.001; Table 1), and the
thnicity of responders differed significantly from the sample frame
Chi-square test: �2 = 9.9806, df = 1, P < 0.01) (Table 1). However,
 binomial probit response model (Table 2) indicated that only
thnicity (white vs nonwhite) and license type (annual license
s multi-year license) were significant factors in propensity to
espond to the survey (all P-values < 0.05). The Lagrange Multiplier
Southeast Florida 271 (31.2%) 49 (29.9%)
Southwest Florida 200 (23.0%) 49 (29.9%)

test results indicated that the propensity to respond to the survey
would not significantly affect the additional analyses.

3.1. Florida saltwater recreational anglers

The number of years a responding recreational Florida angler
has been fishing ranged from 1 to 63 y, with a mean of 24.91
(SE 1.18) y. The reported number of saltwater fishing trips a
recreational Florida angler took per month ranged from 0.8 to
20, with a mean of 3.23 (SE 0.29) trips mo−1. Just over half
of the anglers reported they had an undergraduate degree or
higher (n = 88, Table 3, Appendix 1). Furthermore, most recreational
Florida anglers earned higher than the median Florida income level
of $47,827 (http://quickfacts.census.gov/qfd/states/12000.html),
with approximately 65% reporting earnings > $50,000 (n = 107), and
29% reporting > $100,000 per year (n = 48; Appendix 1). The major-
ity of anglers (89%) reported to have no association with a fishing
organization (n = 146), with approximately 10% of anglers indicat-
ing membership (n = 17) (Appendix 1). About 11.5% of anglers were
not listed in the public records political database, suggesting they
were not registered voters. About 47% are registered Republicans
and 26% were registered Democrats, with about 16% identified as
“other or no affiliation.”

Of the 164 survey responses, 154 anglers (93.9%) were familiar
with the goliath grouper and were directed to continue the entire
Multi-year license
Annual license −0.2777 0.1170 −2.373 0.0177
North Florida
South Florida 0.1262 0.1027 1.229 0.2192

http://quickfacts.census.gov/qfd/states/12000.html
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Table  3
Summary of (A) demographics and (B) beliefs of anglers who favored opening the goliath grouper (GG) fishery vs anglers with no opinion or who opposed a fishery (pooled).

Variables All anglers (n = 164) Open fishery (n = 80) Other beliefs pooled (n = 74)

(A) Angler demographics
Age 45 44 46
Gender 71% male 76% male 69% male
Ethnicity 94% white 94% white 95% white
Region fished 71% in south Florida 73% in south Florida 69% in south Florida
Education 56% college educated 47% college educated 62% college educated
Political affiliation 47% Republican 39% Republican 53% Republican
License type 68% annual licenses 64% annual licenses 71% annual licenses
Years fishing 25 y 27 y 25 y
Trips per month 3.2 trips mo−1 4.1 trips mo−1 2.6 trips mo−1

(B) Angler beliefs
Target GG 7% 6% 7%
Reported depredation 37% 63% 18%
GG  is eating reef fish 32% 51% 15%
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There are too many GG 42% 

GG  is properly managed 18% 

he last year; about 6% (n = 10) reported to have targeted the species
Table 3, Appendix 2).

Supplementary material related to this article can be found,
n the online version, at http://dx.doi.org/10.1016/j.fishres.
014.07.009.

.2. Goliath grouper perceptions

.2.1. Goliath grouper abundance
Since 1993, the percent of recreational angler trips where goliath

rouper were reported present has been increasing (see Fig. 1 for
ore details). This is consistent with the trend of goliath grouper

ightings on dive trips reported in the REEF database. Anglers were
sked to indicate whether they agreed or disagreed with the state-
ent, “Goliath grouper populations need to be controlled. There are

oo many of them.” About 45% of survey respondents agreed with

he statement (n = 68) and 21% of survey respondents disagreed
ith the statement (n = 32). Anglers who favored opening the fish-

ry to recreational take were much more likely to believe there are
oo many goliath grouper (Table 3). The belief that there were too

ig. 1. Estimated probability of anglers encountering goliath grouper in Florida (per a
iver-based reports of encounters (per dive trip, black), which has been touted as the bes
77% 11%
15% 19%

many goliath grouper was not related to the number of years an
individual had been fishing (Spearman’s rank correlation: � = 0.07,
P > 0.05).

3.2.2. Depredation by goliath grouper
When asked how frequently goliath grouper engaged in depre-

dation, about 40% (n = 61) reported that it had occurred last year
(2012), but about 53% (n = 82) stated that it did not occur (Fig. 2).
About 12% (n = 19) of anglers reported that it occurred on more than
half of all saltwater fishing trips (Appendix 2).

Anglers were asked to indicate whether they agreed or dis-
agreed with the statement, “Goliath grouper are eating all the fish
on the reef.” About 32% of survey respondents agreed with the
statement (n = 53) and 18% of survey respondents disagreed with
the statement (n = 29) (Table 3, Appendix 2). Anglers who  favored
are eating all the reef fish (Table 3). There was a significant rela-
tionship between the belief that goliath grouper are eating all the
reef fish and the reported frequency that goliath grouper eats an
angler-hooked fish (Spearman’s rank correlation: � = 0.35, P < 0.01).

ngling trip, gray) compared with the Reef Environmental Education Foundation
t available index of abundance for goliath grouper (Koenig et al., 2011).

http://dx.doi.org/10.1016/j.fishres.2014.07.009
http://dx.doi.org/10.1016/j.fishres.2014.07.009
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Fig. 2. Frequency of trips that anglers reported a goliath grouper ate a fish they were targeting in 2012. (A) Percentage of anglers that claimed to have seen depredation by
g equen
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oliath  grouper, and (B) percentage of anglers that indicated varying levels of the fr

.2.3. A goliath grouper fishery
The survey stated that scientists are uncertain if goliath grouper

an presently withstand harvest pressure. Within this context,
nglers were asked to rate how much they favor or oppose the
dea of opening the goliath grouper to recreational fishing. Approx-
mately 25% indicated they had no opinion (Appendix 2); however,

 slight majority (about 52%, n = 80) were in favor of opening the
oliath grouper to recreational take, with 27.3% (the most-selected
esponse) indicating they were strongly in favor. Only about 22% of
urvey respondents (n = 34) reported they opposed the opening of a
ecreational fishery (Appendix 2). A summary of the two  subgroups’

ifferences (open fishery vs other beliefs pooled) is provided in
able 3.

The initial model results suggested that there were only two sig-
ificant model terms correlated with the belief the fishery should
cy of depredation by goliath grouper when it occured on fishing trips.

be open: the number of trips one takes per month (P < 0.05) and the
belief that there are too many goliath grouper (P < 0.0001) (Table 4).
The stepwise AIC model selection procedure removed all but the
two significant model terms. Results of the final, best-fit probit
model indicated that there was a positive relationship between
number of trips anglers took per month and desire for the fishery to
be open (P < 0.0001), and an even stronger relationship with regard
to the belief that there were too many goliath grouper (P < 0.0001)
(Table 4). Survey respondents who  believed that there were too
many goliath grouper had a high probability of believing the fish-
ery should be open, independent of how many trips that angler took

per month, while individuals who did not believe there were too
many goliath grouper had an increasing likelihood of believing the
fishery should be open as the number of trips the angler took per
month increases (Fig. 3).
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Table  4
Results of a probit model for (A) willingness to pay for a harvest tag and the stepwise
model selection results for belief the goliath grouper (GG) fishery should be open
with (B) the beginning model with all parameters and (C) the final model selected for
best fit. For modeling purposes, factors were simplified to binomial logical expres-
sions (e.g., for the statement that the fishery should be open: strongly agree and
somewhat agree became “true,” all other answers became “false”). Significant model
terms have bolded P-values.

Coefficients Estimate SE z value P

(A) Willingness to pay for a harvest tag
(Intercept) −2.1243 0.1110 −19.134 <0.0001
Open fishery (belief) 2.1375 0.2195 9.737 <0.0001
Tag  amount −0.0022 0.0006 −3.331 0.0008
College attendance 0.9877 0.2248 4.395 <0.0001

(B)  Initial model: belief that the goliath grouper fishery should be open
(Intercept) −0.606 0.811 −0.748 0.455
Age  −0.007 0.010 −0.636 0.525
Gender 0.081 0.299 0.269 0.788
Ethnicity −0.524 0.547 −0.958 0.338
Location 0.018 0.295 0.062 0.951
Education −0.118 0.271 −0.437 0.662
Political affiliation −0.074 0.276 −0.269 0.788
License type 0.076 0.312 0.245 0.806
Years fishing 0.010 0.010 0.974 0.330
Trips per month 0.090 0.041 2.196 0.028
GG  is properly managed −0.050 0.341 −0.146 0.884
Reported depredation 0.593 0.323 1.838 0.066
GG  is eating reef fish −0.702 0.450 −1.560 0.119
There are too many GG 2.225 0.423 5.267 <0.0001
Target GG −0.600 0.555 −1.082 0.279

(C)  Final model: belief that the goliath grouper fishery should be open
(Intercept) −1.07 0.20 −5.37 <0.0001

3
t

t
a

4.1.1. A goliath grouper fishery

F
t
p

Trips per month 0.09 0.04 2.60 0.009
There are too many GG 1.95 0.26 7.63 <0.0001

.3. Willingness to pay for a goliath grouper harvest tag in a
heoretical healthy fishery
The dichotomous choice nonparametric estimators suggested
hat the lower bound of respondents’ willingness to pay was
pproximately $33.74 (SE $0.91). The median price (value range

ig. 3. Probit model result for recreational Florida angler propensity to believe the goliath
ook  per month. Dashed line indicates model results for anglers who believe there were
ooled),  and solid line indicates model results for other anglers pooled (those who were i
arch 161 (2015) 156–165 161

that includes 50% of angler willingness to pay) was between $20.00
and $50.00. The Paasche estimator indicated that the upper bound
for the willingness to pay was  $122.64 (SE $2.17), and the Kristrom
intermediate mean willingness to pay for a harvest tag was around
$78.56 (SE $0.92). No respondent in the present study was willing
to pay $1000 or $2000, though some anglers did indicate they were
willing to pay $500 (4 out of 13), suggesting that some individuals
would be willing to pay much higher than the estimated mean.

Results of the probit model indicated that survey respondents
who believed the fishery should be open were much more likely to
be willing to pay for a tag (Table 4, Fig. 4). Though college attendance
was a significant term in the model, it did not affect the overall
pattern that those who  desired the fishery to be open had a higher
willingness to pay for the theoretical tag in a potential fishery (data
not shown).

4. Discussion

The present study attempted to quantify angler beliefs concern-
ing goliath grouper, a species protected from harvest in US waters
since 1990. We estimate that approximately half (95%CI: 44–60%) of
licensed Florida recreational anglers believed that goliath grouper
should be open to recreational take. Although many anglers did
not hold strong opinions, the belief that there are too many goliath
grouper and that their populations need to be thinned was the
strongest predictor of the belief the fishery should be open. How-
ever, the belief that the fishery should be open was not significantly
related to age, ethnicity, experience, political affiliation, education,
or geographic region, suggesting this is an issue that cannot easily
be defined by demographics.

4.1. Goliath grouper perceptions
Relatively is little known about how much goliath grouper could
be safely harvested. The most recent stock assessment suggested
that the allowed take would be relatively small if the fishery were

 grouper fishery should be open right now as a function of number of trips an angler
 too many goliath grouper (those who strongly believed and somewhat believed
ndifferent and those who  had differing levels of disagreement).
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ig. 4. Probit model result for recreational Florida angler willingness to pay for a go
or  anglers who believed the fishery should be open (those who strongly believed 

ooled  (those who  were indifferent and those who had differing levels of oppositio

eopened (SEDAR 23, 2011). Approximately half of our sample of
icensed Florida recreational anglers were in favor of opening the
oliath grouper fishery now, even in the face of scientific uncer-
ainty; the remaining sample of anglers were split between having
o opinion and having some degree of opposition. Despite our best
fforts to rule out nonresponse bias, we note our estimate might
till be biased due to sample selection issues. However, our find-
ngs are consistent with the findings of a previous survey of Florida
ecreational anglers that found that Florida recreational anglers (on
verage) disagreed with the present closure and agreed with open-
ng a regulated fishery (Lorenzen et al., 2013). More research is
ecessary to confirm the actual share of all licensed Florida saltwa-
er anglers that would like to open the goliath grouper fishery.

Our probit regression model indicated that anglers who believed
hat there are too many goliath grouper and that the popula-
ions need to be controlled also believe that the fishery should
e open. Anglers’ perceptions about the goliath grouper popu-

ation has been identified as a possible example of the “shifting
aselines syndrome,” a phenomenon where fishers accept recent
educed abundance and size information as historical baselines,
esulting in inappropriate reference points for evaluating overfish-
ng (Frias-Torres, 2013). Interestingly, our study found no evidence
f shifting baselines among anglers; there was no significant rela-
ionship between the number of years an angler has been fishing
nd: (1) the belief the fishery should be open, and (2) the belief that
here are too many goliath grouper and their populations need to
e controlled. Anglers of all experience levels, even those who had
een fishing many years before the moratorium was implemented,
ere not more likely to support or oppose opening the fishery.

.1.2. Goliath grouper abundance
Since the 1990 moratorium, angler-reported encounter rates

ave been increasing, a trend consistent with goliath grouper sight-
ngs found in the diver-reported observations of the REEF database.

urther, our results are consistent with encounter rates reported in

 similar survey (20–59% of anglers encountered goliath grouper
n 2012 as reported in Lorenzen et al., 2013). Recent research sug-
ests that goliath grouper populations have been increasing since
rouper harvest tag as a function of tag amount. Dashed line indicates model results
mewhat believed pooled), and solid line indicates model results for other anglers

ay shading represents 95% confidence intervals.

the moratorium (Porch et al., 2006; Cass-Calay and Schmidt, 2009;
Koenig et al., 2011). Our results suggest that anglers have indeed
seen increases in goliath grouper populations over time; this fact
combined with goliath grouper’s continued protection has con-
tributed to angler frustration, especially among those that consider
the goliath grouper a nuisance (Koenig et al., 2011; Frias-Torres,
2013; present study). When recoveries take a long time, anglers
can lose confidence in the science that drives fisheries manage-
ment decisions (Steneck et al., 2013). We  found that many anglers
did not agree that the goliath grouper is being properly managed,
and angler support is necessary for successful fishery management
(see Acheson and Gardner, 2011).

4.1.3. Depredation by and diet of goliath grouper
We  found that many Florida recreational anglers did not hold a

strong opinion about whether goliath grouper are eating all the reef
fish; this result is consistent with the Lorenzen et al. (2013) finding
that only a small amount of Florida anglers viewed goliath grouper
as negatively impacting the ecosystem. Further, Lorenzen et al.
(2013) found only 14% of anglers in their sample perceived goliath
grouper as a nuisance species, while around 50% viewed encounters
as desirable. Though our questions were slightly different, approx-
imately 40% of the anglers in our study reported they had seen
depredation by goliath grouper (a behavior anglers consider a nui-
sance), and there was a significant relationship between the belief
that goliath grouper is eating all the reef fish and an angler’s per-
sonal experience witnessing a targeted fish being consumed by
goliath grouper. More respondents in our study agreed with the
statement that goliath grouper are eating all the fish on the reef than
disagreed, even though studies indicate that crabs and crustaceans
make up around 70% the goliath grouper diet (Randall, 1967; Odum
and Heald, 1972; Sadovy and Eklund, 1999; Koenig et al., 2011).
Indeed, Koenig et al. (2011) found a positive relationship between
the density of goliath grouper and biological diversity of other fish

species, which they indicated was additional evidence that goliath
grouper are not indiscriminant predators on the reef. Frias-Torres
(2013) went so far as to suggest that goliath grouper do not feed
on reef fishes of angler interest. We  speculate that some anglers
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ake this to mean that scientists do not take the angler-reported
ncounters seriously. It is important to note that many anglers
ay  be confusing what a goliath grouper eats in the context of

ts ecological environment with what a goliath grouper will eat
pportunistically. The research on effective science communica-
ion, especially related to climate change (e.g., Lewandowsky et al.,
013), is likely to be helpful in the context of the goliath grouper
shery. Importantly, the depredation issue is a different problem to
e acknowledged and separated from the discussion with anglers
bout goliath grouper diet.

One possible explanation for (over)confidence, relative to scien-
ific evidence, that anglers have in the belief that goliath grouper
re eating their target species is psychological; anglers can witness

 goliath grouper taking a fish from their lines (depredation), but
re unlikely to witness a goliath grouper preying on crustaceans,
nless they also scuba dive. Kahneman (2013) refers to this bias
oward overconfidence is “what you see is all there is”. Additionally,
here exists the possibility that angler depredation events are a case
f “mistaken identity,” where an angler indicated goliath grouper
as responsible, but did not personally witness the goliath grouper
uring the depredation event (i.e., another species was responsi-
le). Additional studies would be needed to tease apart whether
nglers only believe goliath grouper is responsible for depredation
r personally witnessed a goliath grouper depredation event.

.2. Willingness to pay for a goliath grouper harvest tag in a
heoretical healthy fishery

According to Sadovy and Eklund (1999), standard fishery man-
gement approaches, including quotas and size limits, are not
ffective for larger reef species in multi-species fisheries. Harvest
ags function through the assignment of a right to a specified quan-
ity and type of harvest during a specified time period. Though still
ncommon in marine recreational fisheries, harvest tags may  offer
any of the benefits of rights-based management and can be used

o control harvest (Johnston et al., 2007). The only recreational tag
rogram for a fish in Florida is for Florida tarpon (Megalops atlanti-
us Valenciennes in Cuvier and Valenciennes, 1847). This program
oes not set limits on the number of fish an individual can land
nnually. The tarpon is highly sought for the experience of fighting

 game fish (Ault and Lou, 2013), thus the tag price is set relatively
igh at $50.00, effectively keeping demand for the tags well below
he maximum available. While the tarpon tag program has been
uccessful at reducing retained harvest, it has proven less effective
t estimating harvest rates (Johnston et al., 2007).

In the present study, we used three common methods to esti-
ate the mean value of a potential goliath grouper harvest tag using

ata from CVM responses. The lower bound (Turnbull) mean esti-
ate is useful in estimating the overall minimum value of goliath

rouper harvest tags in the state of Florida. The upper bound mean
s considered an overstatement of the true average and it has been
uggested that the intermediate measure (Kristrom) should be used
s an upper range value of the true average (Russell et al., 2001). If
ne angler was selected at random, there is a high likelihood that
e/she would be willing to pay at least $33.74 (lower bound). How-
ver, this amount assumes that there is an endless supply of goliath
rouper harvest tags, that every angler wants to harvest goliath
rouper, and that any individual could buy a tag without restric-
ion. Given the present uncertain state of the goliath grouper stock
tatus, any tag program will likely come with a maximum number
f tags available.

Technical documents available from the Gulf of Mexico Fish-

ry Management Council suggest that any potential fishery begin
ith a low limit of harvested goliath grouper per year (see e.g.,

orch and Barbieri, 2007). One number considered was  400 tags,
nd multiplying that number by the lower bound and intermediate
arch 161 (2015) 156–165 163

mean estimate, a goliath grouper tag program could generate some-
where between $13,496 and $31,424 per year. Value is sensitive to
change in size of population (Richardson and Loomis, 2009), and if
only a limited number of tags were available on the market, it is
unclear how goliath grouper harvest tag willingness to pay would
be affected, but the laws of supply and demand suggest it could be
higher.

Additional studies are needed to examine other stakeholder
groups’ willingness to pay for goliath grouper to stay in the water.
The dive industry has indicated growing interest in goliath grouper
(Harrington et al., 2009). For example, one dive shop on the east
coast of Florida reported that the divers taking part in goliath
grouper dives has grown from 590 in 2010 to 1586 in 2013. Heyman
et al. (2010) suggested that dive ecotourism at Nassau grouper
spawning areas may  represent an economically attractive alterna-
tive to fishing. More research is needed to investigate whether this
also applies to goliath grouper.

4.3. Study limitations

Significant efforts were made to adhere to Dillman’s (2007) “tail-
ored design method,” a survey methodology known to maximize
response rate. However, we received only 164 usable surveys for
our study. Although our method of testing for non-response error
is supported in the literature (e.g., Whitehead et al., 1993; Fisher,
1996; Marra and Radice, 2011), there exists the possibility that sev-
eral factors could have affected our results via increased/decreased
participation in our study. First, E. itajara’s common name, goliath
grouper, was only recently proposed (in the last decade) as a
replacement for the previously known common name, jewfish.  The
term jewfish was  not used in the survey as it is not the accepted
common name for the species. However, this decision may  have
confused anglers who  have always known and referred to this
species as jewfish.  Second, resource limitations prohibited the use
of all recommended tactics for maximizing response rate, such
as cash incentives, hand-written addressed envelopes, or certified
mailings. Our approximately 19% response rate is well below rates
reported by Dillman (2007) using this methodology. Though some
angler studies have been able to acquire near 100% response rates
with dock-side angler interception surveys (Ferter et al., 2013), our
response rate was similar to angler mail surveys conducted by the
US government [e.g., 21.1% response rate for Gulf of Mexico anglers
in NOAA National Saltwater Angler Survey (Brinson and Wallmo,
2013)]. Third, there is a large population of Hispanic anglers in the
state of Florida, particularly in south Florida. Resource limitations
prohibited the inclusion of a second survey translated into Span-
ish. Though the overwhelming majority of the anglers in the state’s
license database self-identify as white, it is unclear if the sole use
of English introduced nonresponse bias. Lastly and perhaps most
importantly, a survey on a single fish species is a very narrow topic,
and unfamiliarity or lack of interest in the topic of one particular
species may  have precluded participation for many anglers while
oversampling others.

The present study focused exclusively on anglers who held a
resident saltwater fishing license in the state of Florida. There were
license types not included in the sample frame (e.g., combination
hunting and fishing licenses). It is unclear whether the opinions
of anglers surveyed in the present study are representative of the
opinions of anglers holding other license types.

Aside from the general debate regarding CVM (see Kling et al.,
2012), there are a few caveats to the use of CVM for goliath grouper.
When using CVM to value a fish species in a multi-species fishery,

willingness to pay and other questions focused on one individual
species can lead to potentially biased results, especially since not
all anglers have experience with the species of interest (Whitehead,
2006). Further, the CVM measure was for only one goliath grouper
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ag per angler, so we cannot measure the incremental value for
ach additional fish tag. However, given the current stock status,
nglers are unlikely to encounter the opportunity to purchase mul-
iple goliath grouper harvest tags. Lastly, we did not attempt to

easure how other variables, such as size restrictions, would affect
n angler’s willingness to pay.

. Conclusions

There is much uncertainty as to the extent goliath grouper pop-
lation is able to withstand fishing pressure and there is little
vidence, if any, to suggest that goliath grouper are responsible
or other reef fish declines. Still, we found that anglers have had
ncreasing encounter rates with goliath grouper since the imple-

entation of the harvest moratorium, a finding consistent with
esults reported elsewhere. Additionally, we found that many sur-
ey respondents believe that there are now “too many” goliath
rouper and they are eating all the other fish on the reef. In fact,
ur analyses suggested that the belief that there are too many
oliath grouper drove approximately half of respondents to favor
pening the fishery. The belief that the fishery should be open was
ot significantly related to characteristics such as geography, gen-
er, political affiliation, education, age, or experience, suggesting
his is an issue that cannot easily be defined by demographics. We
ound that anglers who want the fishery open are willing to pay at
east $30 for a tag to harvest one goliath grouper per year. Addi-
ional research is needed to estimate the value of goliath grouper
o other stakeholder groups. These findings should be considered
hen revisiting the present goliath grouper moratorium.
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