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ABSTRACT. Several species of rockfishes (Sebastes
spp.) in the Puget Sound of Washington have recently
been listed under the Endangered Species Act. Bag
limits for rockfishes have been restricted as a result,
and recreational bycatch may prompt additional re-
strictions on trips targeting co-occurring species. A
mixed logit model is estimated on discrete choice ex-
periment data in order to simulate the effects of a set
of regulations intended to conserve rockfish popula-
tions on recreational use values. Measures intended
to limit rockfish bycatch mortality are shown to have
economic impacts that are orders of magnitude larger
than a direct adjustment in rockfish regulations. (JEL
Q26, Q51)

I. INTRODUCTION

The inadvertent capture and subsequent
discard of nontarget species by commercial or
recreational fishers is a critical issue for ma-
rine resource managers. Recent estimates sug-
gest that 28% of captured fish and inverte-
brates are discarded in the United States, with
values in excess of 50% for some fisheries
(e.g., highly migratory species) or regions
(e.g., southeastern United States) (Harrington,
Myers, and Rosenberg 2005). The incidental
bycatch of nontarget species can create
changes in ecosystem structure and function
through the removal of apex predators, and by
increasing mortality rates of at-risk mammals,
birds, turtles, and fishes that are long-lived
and have low rates of reproduction (Hall, Al-
verson, and Metuzals 2000).

In this article we explore the interaction be-
tween regulations that contribute to the recov-
ery of rockfishes (Sebastes spp.), harvest of
co-occurring species targeted by recreational
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fishers, and recreational use values. In 1999,
14 species of rockfishes were petitioned for
Endangered Species Act (ESA) listing in Pu-
get Sound, USA. In 2010, one of these (bo-
caccio, Sebastes paucispinis) was listed as en-
dangered and two (canary rockfish, Sebastes
pinniger, and yelloweye rockfish, Sebastes
ruberrimus) were listed as threatened (Endan-
gered and Threatened Wildlife and Plants
2010).

With more than 60 species of rockfishes off
the California, Oregon, and Washington coast,
the genus Sebastes forms the core of the U.S.
Pacific Coast groundfish fishery (Parker et al.
2000). Rockfishes are among the longest-
lived fishes, with some maximum ages in ex-
cess of 150 years, and ages of maturity as late
as 20 years (Love et al. 2002). These life his-
tory traits in concert with highly variable suc-
cess in recruitment to juvenile stage (Love,
Yoklavich, and Thorsteinson 2002) contribute
to the very low intrinsic population growth of
many rockfishes (e.g., Tolimieri and Levin
2005), rendering them particularly susceptible
to overfishing1 (Parker et al. 2000). A histori-
cal account of the exploitation of rockfishes
by the commercial and recreational fisheries
in Puget Sound makes this susceptibility ap-

1 Murawski (2000) provides a set of criteria under which
ecosystems can be considered overfished. Our use of the
term overfishing is based on the following condition: bio-
masses of rockfish species have fallen below minimum bi-
ologically acceptable limits.
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Northwest Fisheries Science Center, National Marine
Fisheries Service, National Oceanic and Atmospheric
Administration, Seattle, Washington.
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parent in the context of this region (Williams,
Levin, and Palsson 2010). The overall abun-
dance of rockfishes has declined by approxi-
mately 70% over the last four decades in Pu-
get Sound, and the rate of decline is believed
to have been even more severe for species
such as bocaccio, canary, and yelloweye
(Drake et al. 2010). Recent research suggests
that overfishing in both the commercial and
recreational sectors was a significant factor in
this decline in overall rockfish abundance
(Williams, Levin, and Palsson 2010).

Beginning in the mid-1980s the manage-
ment of rockfishes in Puget Sound by the
Washington Department of Fish and Wildlife
(WDFW) has been characterized by increas-
ing restrictions on commercial and recrea-
tional fishing, culminating in a commercial
fishing ban in 1994 (Williams, Levin, and
Palsson 2010) and recreational ban in 2010
(WDFW 2010a). Rockfish bag limits have
been steadily decreasing since the first bag
limit of 15 was decreased in 1983 to 10 rock-
fishes in the northern portion and 5 rockfishes
in the southern portion of Puget Sound (Pals-
son et al. 2009). In 1994, rockfish bag limits
were further reduced to five in the north and
three in the south. Additional changes oc-
curred in 2000 when bag limits were reduced
to one, with the added restriction in 2002 that
no yelloweye or canary could be retained. In
2010, a no retention policy for any rockfishes
was enacted for most of Puget Sound, with
only a few areas remaining that allow rock-
fishes to be retained. Even though fishing
mortality has been reduced, rockfishes have
such low intrinsic productivity (Love, Yoklav-
ich, and Thorsteinson 2002) that their popu-
lations have not rebounded (Drake et al.
2010). Thus, in retrospect, the initial manage-
ment action has been considered to be insuf-
ficient (Williams, Levin, and Palsson 2010),
as rockfish populations have exhibited contin-
uing declines in abundance (Drake et al.
2010).

Even under a no rockfish retention policy,
the amount of bycatch while targeting other
species may lead fishery managers to impose
further constraints on anglers. The ESA listing
explicitly included recreational bycatch as a
factor contributing to extinction risk (Endan-

gered and Threatened Wildlife and Plants
2010). Not surprisingly, bycatch of rockfishes
occurs while targeting most other species in
Puget Sound, as successful targeting (or
avoidance) of a distinct species in hook-and-
line fisheries is quite difficult.2 Recreational
bycatch would be less critical if the survival
rate of released rockfishes were high. How-
ever, pressure-related injuries (barotrauma)
are commonly incurred during capture,3 and
the high mortality rate from barotrauma in
rockfishes that are released increases the like-
lihood with which fishery managers will be
forced to consider imposing restrictions on
trips targeting co-occurring species such as
lingcod (Ophiodon elongatus), Pacific halibut
(Hippoglossus stenolepis), and Pacific salmon
(Oncorhynchus spp.).

There are currently no estimates of the ef-
fect of these potential future restrictions on
effort levels or recreational use values in the
fishery. We estimate willingness to pay (WTP)
measures for a set of fishery regulations that
impose increasing restrictions designed to ad-
dress rockfish catch and bycatch on angler
trips in Puget Sound. We follow what is cur-
rently believed to be the most likely future
path of fishery management4 in determining
the order in which these regulations are ap-
plied. Specifically, we examine WTP for four
scenarios relative to baseline bag limits: (1) a

2 However, some of the patterns in the bycatch data are
not expected. In particular, the degree of rockfish bycatch
observed on trips targeting salmon is quite high: anglers tar-
geting salmon in Puget Sound landed approximately 25% of
the total rockfishes caught between 2004 and 2007. This is
surprisingly more than an order of magnitude higher than
anglers targeting a key bottomfish species: Pacific halibut
(Palsson et al. 2009). Although this is likely an artifact of
the relative number of halibut and salmon trips in the area
and not reflective of a similar difference in bycatch measured
on a per trip basis between halibut and salmon trips, the
overall level of rockfish bycatch on salmon trips seems suf-
ficient to warrant a potential salmon closure scenario.

3 For example, see Jarvis and Lowe (2008) and Parker
et al. (2006).

4 This construct relied on reading through the WDFW
Environmental Impact Statement for the Puget Sound Rock-
fish Conservation Plan (WDFW 2010b), ESA listing docu-
ment (Endangered and Threatened Wildlife and Plants
2010), a technical review document of Puget Sound rockfish
populations conducted by WDFW (Palsson et al. 2009), and
WDFW fishing regulations (WDFW 2011).
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rockfish closure, (2) a rockfish and lingcod
closure, (3) a rockfish, lingcod, and halibut
closure, and (4) a rockfish, lingcod, halibut,
and salmon closure. WTP is calculated using
simulations of a mixed logit model estimated
on discrete choice experiment (DCE) data re-
cently conducted with a sample of marine an-
glers in Washington. A large set of creel sur-
vey data gathered separately from the DCE
data provides a baseline for WTP calculations.
These scenarios provide fishery managers
with the information necessary to better un-
derstand the impact of policies designed to
limit rockfish mortality in the recreational
fishery on angler welfare, as well as the sub-
stitution between target species groups, Puget
Sound and ocean area fishing, and other ac-
tivities. Moreover, estimates of changes in
participation can be used to estimate regional
economic impacts.

In what follows, we discuss the DCE data
and econometric modeling. Next, we turn to
the methods and creel survey data used to con-
duct policy simulations.

II. DCE DATA

The data we use to model angler prefer-
ences are the product of a mail survey of an-
glers in the state of Washington. During 2006
and 2007, approximately 8,000 anglers were
randomly selected from the population of
adult anglers that held a license that allowed
them to fish in saltwater. The survey instru-
ment was tested at length and revised using
input from focus group and one-on-one inter-
views conducted with anglers across the state.

Anglers were first contacted by telephone
in order to screen out anglers who had not
fished in saltwater within the last 12 months.
The remaining contacts were devoted to con-
firmed saltwater anglers and anglers who
could not be reached by telephone. Mail sur-
vey implementation generally followed the
approach suggested by Dillman (2000). The
full survey mailing included up to six total
contacts: an initial telephone survey, a pre-
notice letter, the first full mailing of the sur-
vey, a postcard reminder, the second full mail-
ing of the survey, and the third full mailing of
the survey. The survey achieved an effective

response rate of 48% among saltwater anglers
in Washington.5

The survey included a section of DCE
questions that provide the basis for estimating
angler preferences. Each DCE question pre-
sented respondents with a set of three choices
that varied the attributes that described a salt-
water fishing trip. The attributes and levels se-
lected for inclusion in the choice sets were
generated through a process of experimental
design.

Experimental Design

An experimental design6 was used to create
50 different versions of the survey, one of
which was randomly assigned to each respon-
dent. Each version had three DCE questions,
and each DCE question had three choices. The
experimental design included attributes de-
scribing catch, fishing regulations, and fishing
cost. The catch dimension of the design con-
sisted of one size of pink salmon and three
sizes of the seven other fish species7 on the
survey: Pacific halibut, lingcod, rockfish,
hatchery coho, wild coho, hatchery Chinook,
and wild Chinook. All attributes and levels
were selected through survey pretesting.

DCE Questions

For illustrative purposes, Figure 1 provides
an example DCE choice question. Each DCE
question asked respondents to fully rank a set
of three options: in this example, two bottom-
fishing trips and an option to do something
other than saltwater fish from a boat in the
area (opt-out).

5 For more information on the calculation of the effec-
tive response rate, see Anderson and Lee (2011).

6 The procedure we used to generate the experimental
design is discussed at length by Anderson and Lee (2011).
In short, the final design was constructed using a search
algorithm that attempts to maximize the D-efficiency of a
representative choice model (Zwerina, Huber, and Kuhfeld
2005).

7 Note that our use of fish species here does not map
directly onto the proper definition of species for populations
of Pacific salmon (Waples 1991). In addition, all rockfish
species were combined in the survey instrument based on
the results of focus group testing.
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FIGURE 1
Example Choice Question
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FIGURE 2
Inside Area and Ocean Area of Washington as Depicted in the Survey Instrument: Lighter (Darker) Gray

Shading Is Ocean (Inside) Area, Equivalent to Marine Area 1 through Marine Area 4 (Marine Area 5 through
Marine Area 13) in Washington Fishing Regulations

The DCE questions described each trip as
either an Inside area or Ocean area trip. The
Inside area roughly corresponds to Puget
Sound (we use the two terms interchangeably
in this article), but also includes the Strait of
San Juan de Fuca and a portion of the Strait
of Georgia (Figure 2). The terms Inside area
and Ocean area were developed with the help
of focus group participants. The survey in-
strument separated the state into the Inside
area and Ocean area in order to ensure that the
fishing location was consistently defined
across respondents. When the survey was
fielded, differences in fishing regulations be-
tween the two areas were quite large for some
species: rockfish limits were almost an order
of magnitude different between the two areas.

While the Inside area is the focus of this ar-
ticle, the explicit inclusion of a very close sub-
stitute (trips in the Ocean area) serves to in-
crease the validity of the resulting WTP
estimates (e.g., Boxall et al. 1996). The full
set of attributes and levels used in the DCE
questions are provided in Table 1 for refer-
ence.

III. MODEL

McFadden (1974) provides the basis for
modeling the DCE data. The utility that in-
dividual i receives from selecting alternative
j on choice occasion t can be represented as

U = V + � , [1]ijt ijt ijt



May 2013Land Economics376

TABLE 1
Experimental Design Attributes and Attribute

Levels

Inside
Levelsa

Ocean
Levelsa

Catch
Halibut 15 lb 1,2 1,2

25 lb 1,2 1,2
50 lb 1,2 1,2

Rockfish 2 lb 1,2 8,10,12
4 lb 1,2 8,10,12
6 lb 1,2 8,10,12

Lingcod 5 lb 1,2,3 1,2,3
10 lb 1,2,3 1,2,3
15 lb 1,2,3 1,2,3

Hatchery silver
salmon

5 lb 1,2,3 1,2,3

10 lb 1,2,3 1,2,3
15 lb 1,2,3 1,2,3

Wild silver salmon 5 lb 1,2,3 1,2,3
10 lb 1,2,3 1,2,3
15 lb 1,2,3 1,2,3

Hatchery king
salmon

10 lb 1,2,3 1,2,3

20 lb 1,2,3 1,2,3
30 lb 1,2,3 1,2,3

Wild king salmon 10 lb 1,2,3 1,2,3
20 lb 1,2,3 1,2,3
30 lb 1,2,3 1,2,3

Pink salmon 3 lb 2,4 2,4
Bag limit

Halibut 1,2 1,2
Lingcod 1,2,3 1,2,3
Rockfish 1,2 8,10,12
Wild silver salmon 0,1,2 0,1,2
Wild king salmon 0,1,2 0,1,2
Pink salmon 2,4 2,4
King salmon 1,2 1,2
Total salmon 2,4 2,4

Fishing Cost 20,40,80b 20,40,80b

a All attributes listed also include a missing level except cost.
b Private boat cost levels are shown. Charter boat levels are

85,125,175.

where V is deterministic and is stochastic�
and unobserved from the point of view of the
researcher. If consists of iid type I extreme�
value random variables, the full rankings of
DCE questions are exploited, and preferences
are assumed to be homogeneous, then the
rank-ordered logit model first proposed by
Beggs, Cardell, and Hausman (1981) provides
the framework for specifying the likelihood
function. We let denote the proba-P(Y ⎪β)n
bility of a particular set of alternatives, in-
dexed in order. If is the number of DCETi

choice questions completed by a respondent,
then it can be shown that

V ( ⋅ )ijtexpT 2 ( )i σ
P(Y ⎪β) = , [2]i � �

t = 1 j = 1 V ( ⋅ )3� � ��ijtexp�k = i ( )σ

where σ is the scale parameter and β is the
vector of parameters in V. Given the panel
structure of the data and the possibility of taste
differences between anglers, the values are�
likely to be correlated across choice occasions
for a given respondent. Extending the model
to explicitly account for preference parameter
heterogeneity yields

˜P(Y ⎪b,β ) =i i

V ( ⋅ )ijtexpT 2 ( )i σ
� ��

t = 1 j = 1 V ( ⋅ )3� � � ���ijt˜ iβ exp�k = i ( )σ
˜ ˜f (β ⎪μ,Σ)dβ , [3]i i

where and denote the components of theβ̃ b
parameter vector β that are treated as random
and fixed, respectively. The mean vector and
covariance matrix of the multivariate mixing
distribution are given by μ and Σ, re-f ( ⋅ )
spectively. We model as multivariate nor-f ( ⋅ )
mal for the purpose of estimation.

V is assumed to be a function of the full
cost of a fishing trip (P), a set of indicator
variables depicting the opt-out (Opt), fish
catch (C), fish catch that exceeds the daily bag
limit (R), and a set of indicator variables that
describe general types of fishing trips (Type):

V = V(P ,Opt ,C ,R ,Type ), [4]ijt ijt rijt jt jt mjt

where r is the index for the opt-out indicator
variables and m is the index for trip type. A
simple expansion of the catch and release
variables by the species and sizes allowed for
in the experimental design yields a very large
model. Motivated by a desire to retain a
slightly more tractable model, we aggregate
the fish release by weight (pounds). The re-
sulting specification is given by
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U = δP + α Opt + β Cijt ijt � r rijt �� ls lsjt
r s l

+ γ LbsR + θ Type + � , [5]� s sjt � m mjt ijt
s m

where s indexes species, l indexes sizes (in
pounds), and LbsR is defined as the total num-
ber of pounds caught that must be released
due to a binding bag limit. Calculating LbsR
requires the assumption that larger fish are
preferred to smaller fish within a given spe-
cies.

Given the specification in [5], the effect of
catching a single fish that can be kept8 is

If the bag limit for species s is bindingβ .ls
and the fish must be released, the effect in-
stead becomes .β + lγls ls

Note that Opt in [5] is indexed by respon-
dent, since the opt-out is likely to be defined
at an individual level. As seen in Figure 1, the
survey asked respondents to indicate whether
the opt-out would be a saltwater shore fishing
trip, a freshwater fishing trip, a fishing trip in
another state, some nonfishing alternative, an
Inside area fishing trip, or an Ocean area fish-
ing trip.

The two areas (Ocean area and Inside area)
and two major species groupings (bottomfish
and salmon) from the survey form the basis
for trip type indicator variables: Type. Specif-
ically, we include the cross product of area by
species: Ocean bottomfish, Ocean salmon, In-
side bottomfish, Inside salmon. Type variables
are included in the model in order to control
for noncatch components of a fishing day that
vary by area and species grouping, as survey
pretesting uncovered significant preference
heterogeneity across these dimensions.

Though not explicit in [5], the Opt and
Type variables are also allowed to vary in sys-
tematic fashion with an angler’s access to a
boat that can be used for saltwater fishing.
This is accomplished by adding the cross
products of Ownboat (a variable indicating
boat access or ownership) and Type, as well
as the cross products of Ownboat and the two
opt-out activities most closely related to salt-

8 Survey data allow us to determine whether a fish could
be kept legally by a particular respondent, rather than
whether it would be kept.

water boat access: Inside area and Ocean area
boat fishing.

The full price in the model is composed of
fishing cost, travel cost, lodging cost, and the
opportunity cost of time. Fishing cost is an
attribute in the experimental design. Other
components of cost cannot be realistically
separated from measures such as distance to
the fishing site, which is inherently specific to
an individual. In general, travel costs are gen-
erated as the product of American Automobile
Association per-mile costs and round-trip dis-
tances to the fishing site.9 Median nightly
lodging costs are included for all respondents
who report a lodging cost from the most re-
cent fishing trip. Opportunity costs of time are
taken to be 30% of the wage for respondents
who reported taking unpaid time off for fish-
ing, and zero for the remaining respondents.10

All trips are modeled from the perspective
of a single day.11 Multiday trip costs are sim-
ply averaged in order to produce an average
daily cost for respondents who indicated that
a trip would span multiple days. Multipurpose
trips are handled using the approach sug-
gested by Yeh, Haab, and Sohngen (2006):
nonfishing costs are allocated using the pro-
portion of fishing days to total days (based on
the most recent trip).12

9 The distances to fishing sites were calculated from the
responses to questions that asked respondents to provide the
sites used most often to fish for species group X in area Y.
We used PC Miler (version 18.1) to calculate distances to
fishing sites. Driving costs (operating costs, gas, mainte-
nance, and tires) listed by the American Automobile Asso-
ciation from the same year were used for the per-mile costs:
$0.17. Median airline costs or vehicle rental costs were used
in place of per-mile driving costs for respondents who re-
ported using an airline or renting a vehicle on the most recent
fishing trip.

10 This approach fits slightly better than a standard ap-
proach of using 30% of the wage rate for all respondents
and does not substantively affect any of our results. For ex-
ample, between these two specifications of opportunity cost,
all parameter estimates for the catch and pounds released
variables changed less than 2%, and all but one changed less
than 0.5%. The parameter estimate for price changed 3.4%.
These results are available from the authors.

11 This necessitates the use of a model that holds the
marginal value of successive days on a trip constant.

12 Separate models are estimated for respondents who
take multiday trips and those who take multipurpose trips.
Although estimated WTP using the pooled data are some-
what larger in magnitude, none of the differences are statis-
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IV. ESTIMATION

The parameters in [3] are estimated by the
method of simulated maximum likelihood us-
ing Nlogit (version 4.0) with 1,000 Halton
draws.13 We restrict off-diagonal elements of
Σ to zero and normalize σ to one for estima-
tion.14

Even though we estimate such a large num-
ber of parameters, almost all of them are sta-
tistically significant at the 1% level. The pat-
terns observed in Table 2 conform to our basic
a priori expectations: larger fish are preferred
to smaller fish,15 the type of trip is a signifi-
cant determinant of choices, anglers with boat
ownership or access are more likely to salt-
water fish, and there is significant heteroge-
neity in preferences for trip types and the dif-
ferent opt-out indicators.

We simplify the treatment of pink salmon
in the final estimated model, including only a
set of indicators for an Inside or Ocean area
trip catching pink salmon, after a more com-
plete specification including catch and release
seemed to add more noise than signal.16

V. SIMULATIONS

Simulations Data

Model simulations require a distribution of
catch, a distribution of size, and bag limits
under the baseline and changed conditions,
for each species. The model contains three
sizes of catch and the quantity (in pounds) of
fish that exceed the daily bag limit and must
be released, so size and bag limits are neces-
sary inputs. The same is also true for the dis-
tribution, as opposed to a more aggregate

tically significant. These results are available from the au-
thors upon request.

13 See Train (2003) for a comprehensive treatment of
simulation methods for choice models.

14 The contribution of each observation was scaled to
account for the stratified random sampling employed in the
DCE survey, as discussed by Anderson and Lee (2011).

15 A close examination of Table 2 shows that there is
one nonmonotonic pair of estimates that serves as a possible
exception to this rule; the point estimate for medium lingcod
is higher than that for large lingcod. However, this difference
is not statistically significant.

16 These results are available from the authors upon re-
quest.

measure, of catch. A (desirable) characteristic
of the model in [5] is that bag limits have an
effect only when binding,17 and it is precisely
this characteristic that leads the model simu-
lations to require a distribution of catch over
trips.

WDFW creel survey data from 2006
through 2009 are used to provide the number
of fish caught by species and the number of
fish released by species. Weight data come
primarily from length data and length-to-
weight relationships we estimate on the sub-
sample of observations that contain both
length and weight measurements for a fish.
These size data come from a combination of
voluntary trip reports submitted by salmon an-
glers, on-board observers placed on charter
boats, test boat anglers employed by WDFW,
and creel interviews. Expected catch was used
to frame the DCE questions. Therefore, our
use of the creel data is intended to reflect, to
some degree, angler expectations of the dis-
tribution of catch.

Preparing the creel data for simulations in-
volves randomly drawing 500,000 records of
catch, at the level of individual angler,18 by
the sizes and species included in the experi-
mental design of the DCE data. For additional
information on the data used in the simula-
tions, see Anderson and Lee (2011).

Regulatory Scenarios

We consider four total regulatory scenarios
that could be used to protect rockfish species
in the Puget Sound. As will become clear, the
order in which regulations are imposed has a
large impact on the marginal effect of a par-
ticular regulation. We follow what is currently
believed to be the most likely future path of
fishery management in determining the order
of scenarios: (1) a rockfish closure “R,”
(2) a rockfish and lingcod closure “R+L,”
(3) a rockfish, lingcod, and halibut closure

17 See Anderson (1993), Woodward and Griffin (2003),
and Scrogin et al. (2004) for examples of theoretical models
of recreational fishing that have this feature.

18 Most creel data are collected at the boat level. As
such, we use the average catch per angler on an interviewed
boat, weighted by the number of anglers on the boat, in the
simulations in order to build catch profiles at the individual
level.
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TABLE 2
Parameter Estimates

Variable Coefficient (Mean) Coefficient (SD)

P(δ) −0.00292***

Type(θm)

Ocean bottomfish −0.96125*** 1.38441***
Ownboat 1.00134***

Ocean salmon −0.20869 1.47294***
Ownboat 1.0313***

Inside bottomfish −0.8527*** 1.34904***
Ownboat 0.71581***

Inside salmon −0.24519 1.56268***
Ownboat 1.33283***

Ocean pink salmon −0.25276**
Inside pink salmon 0.0718

Opt(αr)

Ocean −1.94768*** 2.08424***
Ownboat 1.51678***

Inside −0.59005 1.6509***
Ownboat 0.66992*

Shore −0.68244** 3.05682***
Freshwater −0.451*** 2.12767***
Other state 0.39727** 1.56251***

C(βls)

Halibut 15 lb. 0.58039***
25 lb. 0.96268***
50 lb. 0.98327***

Rockfish 2 lb. 0.01704*
4 lb. 0.07127***
6 lb. 0.08823***

Lingcod 5 lb. 0.20205***
10 lb. 0.30525***
15 lb. 0.28631***

Hatchery silver salmon 5 lb. 0.18546***
10 lb. 0.3559***
15 lb. 0.54008***

Wild silver salmon 5 lb. 0.261***
10 lb. 0.29544***
15 lb. 0.50491***

Hatchery king salmon 10 lb. 0.46471***
20 lb. 0.75279***
30 lb. 0.84156***

Wild king salmon 10 lb. 0.40789***
20 lb. 0.67352***
30 lb. 0.96219***

LbsR(γs)

Halibut −0.02916***
Rockfish −0.00921
Lingcod −0.01154**
Hatchery silver salmon −0.03381***
Wild silver salmon −0.01667***
Hatchery king salmon −0.02862***
Wild king salmon −0.01863***

Respondents (I) 1,309
Sample size (ΣiTi) 4,752
Log-likelihood at zero −9,519.655
Log-likelihood at convergence −7,693.204

* Significant at 10%; ** significant at 5%; *** significant at 1%.
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TABLE 3
Inside Area Bag Limits under Baseline and Closure Scenarios

Closure Scenario Rockfish Limit Lingcod Limit Halibut Limit Salmon Limit

Baseline 1 1 1 2
Rockfish (R) 0 1 1 2
R+Lingcod (L) 0 0 1 2
R+L +Halibut (H) 0 0 0 2
R+L +H +Salmon (S) 0 0 0 0

“R+ L+ H,” and (4) a rockfish, lingcod, hali-
but, and salmon closure “R+ L +H + S.” All
scenarios are measured relative to a baseline
in which lingcod, halibut, and salmon remain
open with a bag limit equal to 2010 levels,
and the rockfish bag limit is set equal to 2009
levels. This allows us to also illustrate the ef-
fect of the recent rockfish closure. A fishery
closure can be represented in our model by
using one or more of the following: setting
that fishery’s bag limit to zero; setting that
fishery’s catch to zero; or eliminating that fish-
ery from the choice set. We model the R sce-
nario by setting the rockfish bag limits to zero.
Similarly, the R+L scenario is modeled by
setting both the rockfish and lingcod bag lim-
its to zero. We choose this approach for these
two scenarios since fishing for other bottom-
fish species would still be allowed under the
R and R+ L scenarios. In contrast, we model
the R+ L +H and R +L + H+ S scenarios by
eliminating those fisheries as an option in the
choice set. We choose this approach since
none of the bottomfish species in the survey
may be targeted under the former and no bot-
tomfish species or salmon may be targeted un-
der the latter. The associated Puget Sound bag
limits for these scenarios and the baseline
characteristics are provided in Table 3. For all
scenarios, the Ocean area regulations are fixed
at 2010 levels.

Welfare Measures

In this fishery, anglers do not hold a prop-
erty right to a particular management regime.
Since the regulatory scenarios we consider re-
duce the quantity of an environmental amen-
ity (e.g., fish that can be retained) or eliminate
an option from the choice set altogether (e.g.,

a bottomfish closure), we measure WTP to
avoid a reduction in catch.19

Small and Rosen (1981) and Hanemann
(1999) have shown in the case of fixed coef-
ficients and no income effects, WTP can be
calculated as

0 1ˆ ˆ(V ( ⋅ )) (V ( ⋅ ))j jln[ e ]− ln[ e ]� �j j
ŴTP = , [7]� �δ̂

where the superscripts 0 and 1 denote baseline
and restricted levels of C and LbsR for a given
regulatory scenario. Five alternatives, indexed
by j, are included in these calculations: a bot-
tomfish trip in the Inside area, a salmon trip
in the Inside area, a bottomfish trip in the
Ocean area, a salmon trip in the Ocean area,
and a nonfishing alternative.20

Relative to [7], calculation of WTP in the
context of this article is complicated by two
factors. First, the use of a mixed logit requires
WTP to be calculated over the estimated pa-
rameter distributions. In a similar fashion,
policy simulations of the econometric model
in [5] require use of a catch distribution

19 However, the combined results from Randall and Stoll
(1980) and Hanemann (1991) show that in the case of
changes in environmental amenities used or consumed by
individuals, WTP and willingness to accept compensation
(WTA) are equivalent if the income elasticity of demand (η)
is zero or if there is perfect substitution between the good
being valued and all other goods considered in the economic
system. In our case, the functional form for V implicitly
assumes that , and therefore WTP = WTA.η = 0

20 Note, however, that some of the above scenarios that
we consider eliminate one or more of these options from the
choice set. Specifically, the bottomfish option in the Inside
area is removed under the R+L +H scenario, and both Inside
area options are removed under the R+L +H +S scenario.
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FIGURE 3
Cumulative Density Functions of Log-Scale Willingness to Pay (WTP) for Closure Scenarios

which, in turn, adds an additional dimension
to the simulation of WTP. Under this frame-
work, WTP per choice occasion for a respon-
dent can be calculated as

ŴTP =
0 1ˆ ˆ(V ( ⋅ )) (V ( ⋅ ))j jln[ e ]− ln[ e ]� �j j

��� � �˜ ˆb,β ,Ci i δ
˜ ˜f (b,β ,C )dbdβ dC , [8]i i i i

which is approximated using simulation with
50 draws from each dimension of .21˜f(b,β ,C )i i

21 We use 50 draws, as opposed to a larger number, from
each dimension of the joint distribution in [8] in order to
make the simulations more manageable. Note that this pro-
cess still yields a total of 156,375,000 draws (125,000 for
each respondent in the sample). Sensitivity tests to different
values of N show little variation in mean WTP with this
many draws. These results are available from the authors
upon request.

VI. RESULTS

The differences in preferences across an-
glers (Table 1) and the individual-level travel
costs in the data imply a range of WTP over
anglers. To capture this heterogeneity we de-
scribe WTP as a cumulative density function
(CDF) over anglers (Figure 3).22 A very large
range of WTP values is observed across the
scenarios, and as a result, a logarithmic scale
is required to accommodate the CDFs.

As the closure scenarios we model mono-
tonically impose restrictions on angler trips
moving from the R scenario to the R+
L+ H +S scenario, the direction of the differ-
ences in WTP for closure scenarios is exactly

22 The calculations underlying Figure 3 and elsewhere
in the article are weighted appropriately to account for the
oversampling of nonresident anglers in the DCE survey data,
as described by Anderson and Lee (2011).
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TABLE 4
Descriptive Statistics of Willingness to Pay by Scenario (dollars)

Closure Scenario Mean 5th Percentile Median 95th Percentile

Rockfish (R) 0.17 0.08 0.17 0.30
R+Lingcod (L) 0.78 0.36 0.75 1.34
R+L + Halibut (H) 48.47 29.34 46.93 69.89
R+L +H +Salmon (S) 215.80 141.60 214.20 284.50

as anticipated: increasing restrictions result in
higher WTP (Figure 3). However, the mag-
nitudes of some of the differences are surpris-
ing. In particular, the relative difference be-
tween the R+ L and R+ L +H scenarios and
the absolute difference between the R+ L+ H
and R+ L+ H + S scenarios are quite large,
with the latter being driven in part by a very
high WTP for the full Inside area closure.23 It
appears that the welfare effect of a single bot-
tomfish closure (e.g., rockfish) is highly mod-
erated under scenarios in which anglers are
still allowed to target another bottomfish in
the same area. A full closure of either bottom-
fish or both bottomfish and salmon in Puget
Sound imposes costs that are orders of mag-
nitudes higher. Mean WTP varies from a low
of $0.17 for the R scenario to $215.80 for the
R+ L+ H +S scenario (Table 4).

In order to examine the statistical signifi-
cance of the differences in WTP between clo-
sure scenarios, we use the method of random
sampling, with replacement, from the full set
of simulated differences between closure sce-
narios, as discussed by Poe, Giraud, and
Loomis (2005). All differences are found to
be statistically significant at the 1% level.24

It should be noted that the ordering of clo-
sures in this analysis greatly affects the mar-
ginal impact of each closure. For example, if
Pacific halibut were closed prior to lingcod,
then the marginal impact of the lingcod clo-
sure would be much greater than the WTP
value we report here. This is due to the non-
linearity generated when entire options are

23 This is especially true given that substitutes such as
Ocean area fishing are explicitly modeled in the choice ex-
periment.

24 Test results for the differences (R+L) – (R),
(R+L +H) – (R +L), and (R+L +H +S) – (R+L +H) are
p = 0.006, p<0.001, and p = 0.001, respectively.

eliminated from the choice set of saltwater an-
glers (e.g., Inside area bottomfish).

Whether the more complete closures will
become necessary to conserve threatened or
endangered species of rockfishes is not yet
known, but the results presented here make it
clear that the full welfare cost of rockfish con-
servation measures may in fact depend much
more on the secondary measures designed to
limit the bycatch of rockfishes than on a direct
change in rockfish regulations. Moreover, de-
laying rockfish closures to the point where
secondary closures are also necessary may
impose higher costs in the long run.

Underlying the WTP calculations are
changes in the probabilities of selecting each
option. Participation rates under the four sce-
narios, relative to the baseline, show the de-
gree to which anglers substitute out of Inside
area fishing options to substitutes such as
Ocean area fishing or other activities (Figure
4). An understanding of this substitution can
help minimize the unintended consequences
that closures may bring about on the fisheries
that remain open. Closure scenarios with
small values for estimated WTP cause corre-
spondingly minor levels of substitution be-
tween options, seen by examining the (negli-
gible) amount of substitution brought about
by the R and R+L scenarios, relative to the
baseline. The largest predicted shift in fishing
effort occurs when Inside area salmon fishing
is closed. Though this effort would be split
across the three remaining options, the Ocean
area salmon fishery would receive the greatest
increase.

VII. CONCLUSION

This study considers the impact brought
about by the historical absence or delay in reg-
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ulations intended to conserve Puget Sound
rockfish species. We examine the WTP for a
set of closure scenarios, applied incremen-
tally, that could be used by fishery manage-
ment in order to limit take of ESA-listed rock-
fish species by the recreational fishery.
Simulations of a mixed logit model use a
baseline constructed with creel survey data.
The WTP values provided here should be of
direct interest to fishery managers, as the clo-
sure scenarios included in this analysis have
either been recently implemented or are likely
to be considered in the future if the depressed

populations of Puget Sound rockfishes do not
rebound. Results show that the impact of clo-
sures involving an entire option in the choice
set of saltwater anglers (e.g., Inside area bot-
tomfish, full Inside area) vastly exceeds the
impact of partial closures. While it may no
longer, by itself, be sufficient to reverse the
apparent population decline of some species
(NMFS 2008), we find that a rockfish closure
in Puget Sound is likely to have very little
impact on anglers. In comparison, our simu-
lations show that anglers’ WTP for a full bot-
tomfish closure or an entire closure of Puget
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Sound is larger by multiple orders of magni-
tude. If either of these closures becomes nec-
essary to conserve rockfish populations,25 the
historical delay in enacting relatively low cost
rockfish conservation measures may be shown
to have produced a future with much higher
costs of achieving the same outcome.
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