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Abstract

Growing attractiveness of recreational angling has increased the need for reinforced
regulatory measures. Successful implementation of such measures is driven by the use of
relevant ecological knowledge toward biological conservation, but is also dependent on
support from anglers’ community. This study aims to identify which regulatory measures are
most favoured by recreational anglers. One source of information regarding such preferences
is the recent empirical literature that has applied the choice experiment method to examine
fishermen’s valuation of change in fishing conditions, including the imposition of specific
technical-biological measures. We collated the results of 21 studies, and make use of meta-
regressions to assess how different regulatory instruments explain the variation in the
marginal willingness to pay estimates for one additional fishing trip and recreational angler’s
welfare. We also examine the potential effects of the context of the studies from which data
are taken. Results suggest that anglers tend to perceive higher expected benefit from fishing
experience taking place in sites where fish catch and harvest regulation are applied. However,
they continue to avoid “fishing sites” where size limits are more restrictive, or where limits on
numbers of fish caught are strengthened. The significance of these results for future research
is discussed.
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INTRODUCTION

Recreational fishing is widely practised in developed countries. In Europe alone, there are
some 25 million recreational fishermen, of whom 20 million fish in freshwater. This figure is
closer to 45 million in the USA. Fishing enthusiasts catch fish for fun, for sport, and for their
personal consumption. The money they spend on equipment and travel contributes greatly to
both local and national economies (Steinback, 1999; Curtis et al., 2017). While there are
relatively few statistics, it is estimated that recreational fishing accounts for 12% of all fish
caught across the globe (Cooke and Cowx, 2006). For certain freshwater (Cowx et al., 2010)
and saltwater (Stage and Kirchner, 2005, McPhee et al., 2002) species, recreational fishermen
catch a greater volume than their professional counterparts.

It is clear that recreational fishing is placing ever-growing pressure on stocks of certain fish
species. In some areas, there is a real risk of exhausting supplies entirely. The effects of these
phenomena are clearly highlighted by the fact that efforts to avoid depletion of certain types
of fish — by stopping commercial fishing — have proved less successful than expected (Cook
and Cowx, 2004). Limiting the volumes of fish caught by recreational fishermen has become
a key objective in sustainable management of marine and inland aquatic ecosystems. In recent
years, a number of European countries have introduced more stringent regulations covering
recreational fishing of certain species. Such measures have been applied to eels in Europe
since 2007, seabass in Ireland since 2015, and seabass in France since 2017.

The growing attractiveness of recreational fishing has increased the need for acceptable and
sustainable regulatory policies.There are four main ways in which fishing regulators can
apply harvest restrictions: an increase in the fishing licence fee, fishing quotas or “reduced
daily bag limits” for certain species, increasing minimum catch size, and banning fishing in
certain areas and/or at certain times. Successful implementation of such measures is driven by
biological issues, but is also dependent on support from the recreational fishing community at
large. In previous studies, recreational anglers reported a positive attitude towards recreational
fishing management measures. However, they did not consider bag and size limits to be
effective (Veiga et al., 2013). At the same time, the management option that was least favored
but considered to be the most effective was that of catch-and-release (Cardona and Morales-
Nin, 2013). Experience has shown that the most restrictive regulatory measures, i.e. banning
fishing entirely, tend to be the least effective, as in the case of European eels in Germany
(Beardmore et al. , 2011), where the lack of a replacement species meant that the reduction in
recreational fishing pressure was offset by an increase in illegal fishing.

Since the early 2000s, numerous empirical studies have investigated recreational anglers’
preferences for fishing conditions and experience. In these studies, the Choice Experiment
Method (CEM) (pioneered by Aas et al. (2000) among others) has typically been used to
examine individual fishermen’s preference for a hypothetical change in fishing conditions,
including the imposition of regulatory measures to limit catches of protected species (Hunt,
2005). The variety of contexts and survey protocols used in such studies mean that it is not
possible to obtain a clear picture of the results obtained, particularly the degree of impact of
different regulatory measures on fishermen’s satisfaction as provided by their willingness to
pay (WTP). Indeed, variations in these empirical WTP estimates do not provide the policy
maker with a useful understanding of anglers’ preferences towards biological regulatory
measures.

Our aim in this study is to identify which regulatory measures are most favoured by
recreational anglers, based on analysis of their willingness to pay. We collated 31 original



CEM-based studies to analyse anglers’ valuation of recreational fishing regulation between
2000 and 2016. Of those 31, only 21 contained both regulatory measures and added cost
burden for anglers as attributes of choice scenarios allowing us to perform an economic
evaluation, either in terms of anglers’ marginal WTP, or compensating surplus. Meta-
regression analysis has been developed to summarize quantitatively results found in different
empirical studies of the same or similar research problems in environmental economics (Van
den Bergh et al., 1997; Johnston et al., 2015). We thus use meta-regression analysis to
estimate an average marginal WTP to avoid a hardening of regulatory measures and to
determine which studies best explain heterogeneity in recreational anglers’ preferences
toward different levels of (bag and size limits) fishing regulatory instruments.

The first study using meta-analysis to examine the expected benefits of recreational fishing
management from the point of view of anglers’ preferences was carried out by Johnston et al
(2006), who aimed to highlight the value attached by recreational fishermen to improving the
quality of their fishing sites. The key indicator for this was the value of an additional fish
caught each time they visited. This value is affected not only by the actual quantity of fish
available, but also by the individual characteristics of the fishermen themselves. The authors
of this particular study performed a meta-analysis of fishermen’s (marginal) willingness to
pay to catch one additional fish. Their analysis was based on 48 original case studies, using
both indirect (e.g. travel costs and multiple site choice models) and stated preference methods
(contingent valuation and choice experiment methods).

The difference between Johnston et al. (2006) and the present study is that we focus
principally on studies using the choice experiment method. Our contribution to the literature
is therefore twofold. We include a range of fishing regulation types as the main factors
affecting variation of WTP estimates, thus providing policy makers with comprehensive
picture of anglers’ preferences between different types of fishing regulation measure or their
combination. This information can be used by fishing managers to bring biologically founded
fishing regulation measures more in line with anglers’ satisfaction. Indeed, fishing regulations
that will maximize anglers’ satisfaction are also expected to ensure biological sustainability of
protected species stock (Johnston et al., 2010). With respect to the application of the choice
experiment method, our results show how a variety of characteristics (such as protocol design
characteristics, and survey administration procedure) may influence anglers’ valuation of a
given fishing trip.

The remainder of the article will be organised as follows. The next section will present the
general framework for an economic welfare analysis of the regulation of recreational fishing.
We will then explain how the data were collected and the way in which we developed our
meta-analysis. Following that, we will present the main results and discuss how they can be
applied in a wider range of contexts. The fourth and final section will summarise the main
implications of our work, as well as highlighting its limitations and possible future avenues of
research to be explored.

1- AN ECONOMIC WELFARE APPROACH TO MANAGEMENT OF
RECREATIONAL FISHING

From an economic standpoint, recreational fishing can be framed as a trip demand into a
specific natural environment whose characteristics lend themselves to that particular activity.
The satisfaction gleaned by each individual angler from such a fishing trip as a leisure
experience depends on parameters relating to fishing effort, such as the amount of catches per
unit of effort, and the average size of fish caught. The extent to which recreational fishermen
will use a particular site generally reflects the difference between the satisfaction they feel
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when doing so (in terms of the full leisure experience) and the cost of travelling to that site
(e.g. travel expenses, hotels, and other ancillary expenses, as well as opportunity cost). This
“net benefit” derived from recreational fishing expeditions can be translated into monetary
terms based on anglers’ willingness to pay for a fishing trip. On the basis that recreational
fishermen will be subject to time and money budget constraints, willingness to pay will
decrease as the frequency of visits increases. In other words, they stop fishing when they are
no longer prepared to pay any more money to do so.

However, given the impact of individual fishing effort on the status of fish stocks and
probability of catching fish, it is necessary to strike a balance between allowing recreational
fishermen to continue practising their chosen hobby, and the need to periodically replenish
fish stocks (Anderson, 1983). Managing recreational fishing therefore calls for regulation of
total visitor numbers within a given site, in order to limit overall fishing effort, thus limiting
mortality by hook and its subsequent effect on fish stocks. The aim is to limit individual
fishing effort, which has a positive effect, provided that repeat visits enhance individual
welfare that anglers derive from recreational fishing. On this basis, Anderson (1993) suggests
combining two types of regulatory instrument. This first one gives specific focus on
regulations that restrict harvest by individual anglers, in order to raise their awareness of the
mortality resulting from their activities. The other one is centred on the regulation of angler
effort and total harvest by controlling the number of fishing trips undertaken. Anderson’s
study highlighted in particular the advantages to be gained from introducing single-day
fishing licences along with restrictions on the number of fish from a certain species that are
allowed to be caught.

Limiting fish catches is designed to shield specific species by protecting their ability to
reproduce. These kinds of limits can be imposed in one of two ways: “bag limits” whereby
recreational anglers are limited to a certain number of catches per trip, in order to keep stocks
at sustainable levels, and size limits, which aim to prevent excessive numbers of juveniles
being removed from the aquatic environment. Bag limits are preferable to size limits from an
ecological point of view, because they are more effective in limiting per-catch mortality due
to the fact that recreational fishermen are less likely to keep fish out of the water for a long
time before throwing them back (Woodward and Griffin, 2003). Thus, it is on the basis of
their socio-economic performance that the two regulatory instruments will tend to have
differing effects.

When size limits are imposed, there is a reduction in the number of fish caught, thus leading
to less benefit being derived from fishing trips (Homans and Ruliffson, 1999; Woodward and
Griffin, 2003). On the flipside, anglers can compensate for their reduced catches by fishing
more regularly, provided that travel expenses remain affordable. In other words, size limits
tend to penalise recreational anglers who live further away from their chosen fishing sites. On
the other hand, bag limits will not necessarily have an adverse effect on the benefit derived
from a fishing trip. When a recreational angler is confronted with a limit on the amount of fish
he is allowed to catch, he can do one of two things: comply with the measure (i.e. stop fishing
when that limit is reached), or release smaller fish in the hope of catching larger individuals
while remaining within the limit.

Regulations enter the recreationist’s utility function both directly, as site characteristics, and
indirectly, through expectations of fishing experience improvement, such as the quantities of
large fish expected to be caught and harvested. The effect of regulatory instruments on the
benefit derived from a fishing trip is therefore positive in terms of the satisfaction obtained
from catching and keeping fish, but negative in terms of fishermen being obliged to release



fish they have caught. However, variations in welfare generated by stricter enforcement of
measures such as those described above reflect the way in which recreational fishermen sort
their catch, deciding which fish to keep and which to throw back (Jarvis, 2011), in other
words their techniques, fishing behaviour, and experience. More experienced anglers, (i.e.
sports fishermen) tend to be placed at a greater disadvantage by the introduction of bag limits
at their most frequently visited sites.

In practice, combining both bag and size limits can lead to significant reductions in fish
mortality as a result of fishing (Woodward and Griffin, 2003). At sites where bag limits have
already been imposed, introducing a size limit on top of these would mean that fishermen
would need to apply more effort to catch the maximum permitted number of fish. Managers
responsible for regulation therefore need to choose between different combinations of
measures to achieve the desired biological results. When making this decision, they need to
understand two key issues (1) the relative impact of each specific measure on the marginal
WTP for additional fishes harvested with each trip as associated to a lower bag or size limit
and (2) the impact of different combinations of these regulatory instruments on the economic
value of recreational fishing trip, based on anglers’ welfare variation assessment in terms of
compensating surplus estimates.

Since the 2000s, the Choice Experiment Method (CEM) has made it possible to use
recreational fishermen’s preferences to explore the effects of fishing regulation measures
(Hunt, 2005). The empirical analysis provided in this paper aims to develop a form of meta-
analysis, to collate and make use of the findings of existing studies, relating to the effect of
regulatory instruments on the marginal WTP for one additional fishing trip and recreational
anglers’ welfare variation. We make use of meta-regression (Johnston et al., 2015) which will
allow us to model how regulatory instruments affect anglers’ benefit estimates, while
controlling for the effects of “moderator” variables based purely on the context of the primary
studies from which data are taken, to account for differences in the choice set design,
questionnaire administration, or sampling strategy.

2- MATERIALS AND METHOD
2.1- Data collection and description of the sample

For a meta-analysis to yield robust results, it is essential to obtain all the relevant literature
relating to the specific scientific question being addressed, which will provide the sum of
empirical knowledge obtained during a given period. Once these data have been obtained, the
quality of the studies needs to be examined, and their content needs to be correctly recorded
in a database. As a minimum, such a database must include the following elements:

- Information relating to the documents themselves (exact reference numbers, year of
publication, type of publication, the domain in which the relevant scientific review is
specialised)

- The evaluations carried out in each study, and the characteristics of those evaluations
(method used, number of observations, scenarios, etc.)

- The conditions in which each study took place (place, date, management method)

The aim of the meta-analysis is to find results that are common to all studies. For this to be
achieved, those studies need to focus on similar effects, and, in our case, using similar survey
protocols. We obtained our samples of empirical studies from the four key academic search
engines relating to economics: Google Scholar, Scopus, Web Of Science, ScienceDirect.



Table 1: Summary of the 21 studies included in the meta-regressions

Authors Publication/Journal | Country/Region Fishing site Target Species Regulatory instruments | Survey Sample Sample size
(Year) Title coverage type year Respondents | (*) Application
of Dillman’s
method
Anderson and | Marine Resource USA/ Northwest Saltwater King salmon and pink | Bag limits, Temporary 2007 Sport fishermen | 1889*
Lee (2013) Economics salmon closures (Non-resident
and resident)
Anderson et | Land Economics USA/ Puget Sound | Saltwater Rockfish Bag limits, Size limits 2007 Recreational 1309*
al. (2013) anglers
Beardmore et | Fisheries Research Germany Freshwater | European eel Bag limits, Rod limits, 2007 Resident 398*
al. (2011) Temporary Fishery anglers
Closures
Beardmore et | Leisure Sciences Germany Freshwater | European eel Bag limits, Rod limits, 2008 Resident 816*
al. (2013) Temporary Fishery fishermen
Closures

Beville and | Australian New Zealand Freshwater | Trout Bag limits, Size limits, 2008 Resident 1436
Kerr (2009) | Agricultural and Temporary fishery fishermen

Resource Economics closures

Society conference
Carter and North American USA/South East Freshwater | Epinephelus, Bag limits, Size limits, 2003/ | Sport fishermen | 5677
Liese (2012) |Journal of Fisheries Mycteroperca, Snapper, | Catch-and-release 2004

Management Dolphinfish, King

Mackerel

Dorow et al. | Fisheries Germany Freshwater | European eel Bag limits, Size limits, 2007 Recreational 381
(2010) Management and Temporary fishery anglers

Ecology closures
Gentner Proceedings of the USA/ South East Freshwater | King mackerel, Bag limits, Size limits 2004 Non-resident 200*
(2004) Conference dolphinfish, fishermen

of the International Epinephelinae and red

Institute of Fisheries snapper

Economics & Trade
Hutt et al. North American USA/Texas Freshwater/ | Catfish Bag limits, Size limits 2009 Recreational 462*
(2013) Journal of Fisheries River anglers

Management




Laitila and Tourism Economics | Sweden Freshwater / | Salmon Bag limits, Size limits 2004 Resident 1097
Paulrud Lake fishermen
(2008)
Lawrence Fisheries UK Freshwater | Bar, Cod, Mackerel, Bag limits, Size limits 2004 Recreational 358
(2005) Management and Ray, Conger, Pollack anglers
Ecology
Lew and North American Alaska Saltwater Halibut, Salmon Bag limits, Size limits 2006 Non-resident 1991*
Seung (2010) | Journal of Fisheries fishermen
Management
Lew and North American Alaska Saltwater Pacific halibut, king Bag limits, Size limits 2007 Sport fishermen | 2066*
Larson Journal of Fisheries salmon, and silver (Non-resident
(2012) Management salmon and resident)
Lew and Fisheries Research | Alaska Saltwater Pacific halibut, king Bag limits, Catch-and- | 2007 Sport fishermen | 2066*
Larson salmon, and silver Release (Non-resident
(2014) salmon and resident)
Lew and Marine Policy Alaska Saltwater Pacific halibut, king Bag limits, Size limits 2012 Sport fishermen | 825*
Larson salmon, and silver (Non-resident)
(2015) salmon
Ohetal. Human Dimensions | USA/Texas Saltwater Red drum Bag limits, Size limits 2003 Recreational 771*
(2005) of Wildlife anglers
Ohetal. Environmental USA/Texas Freshwater | Not specified Catch-and-release, 2004 Sport fishermen | 648*
(2007) Management Restrictions on bait
Oh and Leisure Sciences USA/ Texas Saltwater Red drum Bag limits, Size limits 2003 Recreational 522*
Ditton (2006) anglers
Paulrud and | Journal of Sweden/North Freshwater/ | Grayling and common | Bag limits, Size limits, 2002 Recreational 569*
Laitila (2004) | Environmental River trout Catch-and-release, anglers
Planning and
Management
Paulrud and | Applied Economics | Sweden/North Freshwater/ | Trout and salmon Bag limits, Size limits 2008 Recreational 633
Laitila (2013) River anglers
Whitehead et | Marine Resource USA / North Freshwater | King mackerel and Bag limits 2007 Recreational 244
al. (2011) Economics Carolina snapper Anglers




The keywords used were: Willingness-to-pay, Choice experiment, recreational fishing,
angling, angler, fishing regulation, bag limits, size limits, catch-and-release. We found a total
of 31 studies that had made use of CEM to study the impacts of regulation of recreational
fishing on the satisfaction of fishermen. The time period used was from 2000 to 2016. Of
those, we considered that only 21 contained the regulatory instruments and monetary aspects
necessary to obtain a useful economic evaluation.

We constructed our meta-analysis database using 21 existing usable studies (see details in
Table 1). These studies were based on surveys carried out between 2002 and 2012 and
published between 2004 and 2015 respectively. Some of these studies were carried out by the
same authors, using the same survey campaigns, but, crucially, not the same protocols and
econometric methods, meaning that there are no “repeated” tests as such.

Because they are drawn from works already published in scientific journals, the majority of
the values used in our analysis have already been subject to comments, suggestions, and
reviews. Only two of the studies were taken from presentations given at conferences. This
situation could possibly lead to a phenomenon known as publication bias, whereby only
studies that are statistically significant are presented.

Our sample contains a larger number of studies carried out in the USA (13) than in Europe
(7), including 3 in Sweden, 3 in Germany, and 1 in the UK). The other study of the 21 was
carried out in New Zealand. Despite the greater number of studies carried out in the USA, the
size of that country means that there is as much difference between different US states as
there is between the US and other countries, in terms of ecological characteristics,
fishermen’s practices, and the way in which fishing as an activity is regulated by local
authorities.

Thirteen out of the 21 studies were carried out in saltwater areas (offshore or in coastal
zones). This shows that regulation of seaborne recreational fishing has been studied to a
greater extent than that practiced in inland freshwater. However, recreational fishing is much
more popular in freshwater areas. Migratory fish (trout and eels) tended to be the species
focused on in freshwater-specific studies. Salmon was studied both in fresh and saltwater. The
fishermen surveyed were both sports fishermen and those who fished simply “for fun”. They
were both resident and non-resident in the areas studied.

2.2- Dependent variables

In meta-regression analyses, the dependent variable is called ‘effect size’. The effect size
standardises findings across studies such that they can be directly compared. In this study, we
focused on choice experiment studies based on scenarios describing fishing conditions and
access to fishing sites. We used two dependent variables. Marginal willingness to pay (WTP)
was chosen as the first dependent variable because this allows reported values for regulatory
instrument attributes to be compared. Using our 21 studies, we were able to create a database
of values relating to marginal WTP from 17 studies. These values were extracted from 12 out
of the 21 works. In a way similar to that used by Johnston et al. (2006) for calculating
marginal WTP, we can added a further 5 studies, which gave us a first data set composed of
262 individual observations relating to estimated marginal WTP obtained from 17 different
studies. The effect size is thus defined in terms of willingness to pay to benefit from
additional fish as associated to more or less restrictive fishing regulation. This can be
calculated for a specific fish, or for a group of Target species. We standardised WTP
estimates into one currency: curos (€) at the 2017 exchange rate. The relevant rates were
obtained for each national currency from world Table (http://fxtop.com).
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WTP values for different combinations of regulatory instruments also need to be specified. As
such, using compensating surplus estimates as the dependent variable was identified as
important in establishing future regulation scenarios. Regulations affect the recreationist’s
utility function directly as site characteristics and indirectly through expectations of fishing
experience improvement. There are two advantages in exploring the welfare effects of
changes in fishing regulations. The first is the ability to measure the welfare effects of
regulated sites in general. The second is the possibility to quantify the benefits of combining
size and bag limits. We thus constructed a second database of compensating surplus estimates
using 9 out of our 21 studies. From those 9 studies, we were able to obtain a total of 92
individual observations.

2.3- Explanatory factors of differences in WTP estimates

It is important to make a distinction between WTP estimates relating to resident and non-
resident populations. The monetary attributes used to infer WTP can relate to the costs
involved in travelling to local fishing areas, the cost of a day’s fishing (including travel and
food costs in some cases) for resident anglers, and the cost of visiting a particular site, which
may include accommodation costs for studies focused on non-resident anglers.

WTP estimates can also change over time due to different natural climatic conditions. The
survey year was included in the analysis to capture this effect. Cultural differences may be
important drivers of difference in public valuation of natural recreation. We created a dummy
variable to indicate studies conducted in Europe.

In the majority of cases, bag limits are tested at the same time as size limits, either with or
without other types of regulatory instruments. Only one of the studies we examined contained
neither a bag limit nor a size limit, opting instead for a “catch & release” approach. One other
study looked at the introduction of bag limits in comparison with a scenario in which there is
no regulation whatsoever. However, although, our 21 studies analysed the same regulatory
instruments, they displayed a wide range of levels for these variables as attributes of choice
scenarios, and tested very different levels of constraints imposed on recreational fishermen’s
catches and travel.

Target fishes vary with catchment characteristics and unobservable factors such as river
quality, site location and type (inland versus coastal) which may influence how respondents
view tradeoffs. We thus make a distinction relating to whether migratory fish species are
presented as target fish or not.

The studies varied widely in the characteristics of the survey used to obtain responses (e.g;
survey protocol, administration procedure, sample size). A number of moderator variables
were included to explain differences between WTP values. The choice experiment protocol
presents between 3 and 50 sets of choices to respondents, divided into three scenarios. These
choice sets can involve a status quo scenario (actual fishing conditions), or an opt-out option,
whereby if a fisherman feels that none of the scenarios put forward are acceptable, he can opt
to practice an alternative leisure activity, or simply fish in a different place. As such,
respondents making choices where survey protocols display a status-quo scenario are likely to
have lower WTP values than those who have the choice to opt-out. We thus identify whether
a status-quo option was presented or not.



One constraint that is common to all surveys relating to recreational fishermen is that such
surveys cannot be carried out on site. All surveys of this type are therefore carried out either
by telephone or by return of post. Some of the studies followed the method adopted by
Dillman (2000), while others did not. Dillman’s approach, known as the “Total Design
Method” is designed to increase the response rate to surveys carried out by telephone or by
post. It follows that the WTP estimates obtained from studies applying the Dillman method
are supposed to be statistically more efficient than a simple random sample.

A well-known issue with meta-analysis is publication bias. Authors often submit for
publication manuscripts that have theoretically consistent or conceptually expected results. In
the environmental valuation literature, we assume that researchers do not necessarily confine
themselves to significant results, because estimated WTP values may well be zero or even
negative. However, we cannot rule out the fact that WTP values reported in biology journals
(when compared to those appeared in economic journals) were potentially biased towards
lower WTP values which relate to higher expected benefits from reinforced fishing
regulation.

2.4- The Meta-regression model

The relationships between WTP values and their potential explanatory variables are explored
using mixed-effects meta-regression to help correct for well-known issues with meta-analysis
data, such as collinearity and heteroscedasticity (Nelson and Kennedy, 2009) using the
following equation:

LogYiy, = a+ 1Xi1 + BoXinz + u; + &, avec u;~N(0.72); £~N(0.0%;) (1)

LogY;, represents the log value of the marginal WTP or compensating surplus estimate for
observation n belonging to the same study i; a represents the constant of the regression and
corresponds to the true average value of the marginal WTP or compensating surplus estimate.
X;; are the variables describing the context of the study in question. X;,, are the regulatory
instruments tested (including Target species and site types). ; and 3, are the parameters to
be estimated, and describes the mean effect of the different variables of interest. The variable
u; accounts for variations due to the study effect, following a normal distribution with zero
mean and variance 72 . The term g, is the residual of the regression, it follows a normal
distribution with zero mean and a differing variance o; for each study.

3-RESULTS
3.1- Meta-regression of marginal WTP values

A brief statistical summary of the relevant dataset showed that the marginal WTP values for
less restrictive fish catch regulations were between 0 € and 2,426 € per trip. 74% of these
values were expressed by resident fishermen. 31% of these observations relate to the effect of
size limits, 40% to bag limits, 24% to catch and release, and the rest to other types of
measures such as temporary closure. 70% of these values concerned migratory fish. The large
majority (83% of observations) are related to deep-sea and coastal fishing. Only, 10% of
observations are related to European sites. 80% came from studies which used the Dillman
method, meaning that they provided a relatively clear picture of the population in question.
Only 28% of observations came from a choice protocol that provided a status quo scenario.
Finally, 58% of observations came from publications in fish biology journals.
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The equation (1) was estimated in three steps: an estimation using only the constant (model
1), an estimation using characteristic variables from the primary study (model 2), and an
estimation using — alongside the previous variables — variables relating to the relevant
regulatory instruments (model 3). The results of these three models are presented in Table 2.

Table 2: Mixed effect regression analysis of marginal WTP values

Variable Model 1 Model 2 Model 3 Model 4
(Full sample)  (Full sample) (Full sample) (Restricted sample)
Constant 4,13 *** 2.54 *** 3.35 *** 4,08 ***
(0.13) (0.58) (0.6252) (0.67)
Year of study -0.03 0.003 -0.15 **
(0.05) (0.06) (0.05)
Migratory fish 0.49 ** 0.52 ** 0.61*
Species (0.21) (0.21) (0.34)
Coastal sites 0.63* 0.21 -0.73**
(0.33) (0.35) (0.34)
Residents -1,94 *** -1.90 *** -1.22 ***
(0.20) (0.19) (0.26)
Europe 1,01 *** 0.71 ** 0.17
(0.31) (0.33) (0.30)
Dillman method 2,23 *** 2,06 *** 1,77 ***
(0.24) (0.25) (0.15)
Status quo -0.91 ** -1.06 *** -1.40 ***
(0.29) (0.30) (0.30)
Fish biology review 1,34 *** 1,09 *** -0.04
(0.19) (0.22) (0.26)
Size limits -0.62 ** 0.35 **
(0.19) (0.1603)
Catch-and-Release -0.38 * -0.61 ***
(0.20) (0.22)
Other instruments -1.19 ** -0.27
(0.46) (0.23)
T2 4.57 1.22 1.18 0.39
a%; 99% 97% 96% 96%
Adjusted R2 0.73 0.74 0.78
Number of 262 262 262 151

observations

Note: Standard-error in () ; *** significant at 1%, ** significant at 5% and * significant at 10%.

The estimations in Model 1 show that marginal WTP values differ greatly between studies
(c%;= 99%). This heterogeneity can be explained by differences in study characteristics: the
72 indicator reduced from 4.57 in Model 1 to 1.22 in Model 2. The differences between
models 2 and 3 show that introducing regulatory instruments as moderator variables allows
this heterogeneity to be reduced. 72is reduced from 1.22 to 1.18 and the adjusted value of R2
is increased from 0.73 to 0.74.

Our last meta-regression estimation (column 4) show that Year of study had no notable
impact on results, i.e. marginal WTP does not change over time. Marginal WTP from surveys
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applying the Dillman method tended to be higher, as did that from studies published in fish
biology reviews. Values from choice experiment survey that displayed a status quo scenario
were lower. Values obtained from residents were lower, while marginal WTP for Europeans
was higher.

All of the regulatory measures serving as explanatory variables are significant, meaning that
marginal WTP for relaxing regulatory instruments tends to be lower when size limits and
other such measures are applied than when bag limits are used. There is no significant
difference between marginal WTP values for sea fishing compared with freshwater fishing.
On the other hand, less value is attached to the regulation of migratory fish. This result is
surprising when compared with that of Johnston et al. (2006), who found that salmon had
varying levels of influence on marginal WTP.

3.2- Meta-regression of marginal WTP values without Alaska data

We decided to test the sensitivity of these results in relation to certain studies. To do this, we
tested the impact on the statistical inference of mean effects when one study was removed.
Studies removed were those with large numbers of observations: Lew and Larson (2012) (14
observations), Lew and Larson (2014) (90 observations), Anderson and Lee (2013) (69
observations), Hutt et al. (2013) (16 observations), Gentner et al. (2004) (11 observations).
The results of these meta-regressions from Model 3 are detailed in the appendix (Table A-1).

It is important to point out here that our meta-regression shows no less dispersion of the
values within this new sample than in the full original one, except for Lew and Larson (2012)
and Lew and Larson (2014). Values for indicator 72 are less than 1: 0.58 and 0.75
respectively. On this basis, it is preferable to keep the same statistical inference without the
Lew and Larson studies, because 72 values influence the effects of moderator variables
(Borenstein et al., 2009). In view of this, we decided to exclude results from the studies by
Lew and Larson (2012, and 2014). It is our belief that the conditions in which these results
were collected (in Alaska) were excessively specific to that region, which pushed up the
heterogeneity in our marginal WTP valuation database. This specificity derives from the fact
that all fishing in Alaska is a long-distance affair, even for residents, given the vast open
spaces to be found there.

When compared with the full sample, the number of observations per study is now between 2
and 69. Only 28% of data were obtained from fish biology reviews. 71% of observations
related to value attached to deep sea and coastal fishing. Marginal WTP values were between
0 € and 326 €. 64% (as opposed to 80% previously) were obtained from surveys using the
Dillman method. The proportion of data obtained from status quo scenarios is higher at 44%.
There is no detectable difference for migratory fish (72%). 75% are marginal WTP values for
an additional fishing trip to fish a particular kind of species. Over 85% are values expressed
by resident fishermen. More marginal WTP is attached to size limits (40%), while less is
attached to bag limits (21%). The value for catch and release remains unchanged at 21%. The
Column 5 of Table 2 provides estimation with this subsample.

Our comments of this last regression (Model 4) relate only to results which changed either in
terms of sign or significance. This means that Year of Study is significant and has a negative
influence. Recent marginal WTP values appear to be lower. The type of publication used has
no effect on the values observed. The influence of fishing site becomes both significant and
negative, meaning that marginal WTP for less restrictive harvest regulation in freshwater sites
appears to be higher. There is no difference between that obtained in studies conducted in
Europe and the rest (US excluding Alaska and New Zealand). Fishermen’s marginal WTP for
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lowering size limits is 1.41 times higher at sites where size limits are imposed (when
compared with sites where bag limits are used). These results are consistent with the
theoretical predictions of Woodward and Woodward and Griffin (2003) and Jarvis (2011).
Our results also show that marginal WTP to reduce fishing regulation is 1.84 times higher
when fishing for migratory fish, and 1.52 times higher when fishing in freshwater.

The results obtained from this last meta-regression, confirm that there is a positive marginal
WTP value for fishing sites where regulatory measures are loosely applied. In other words,
fishermen are willing to pay (up to 59€ per fishing trip) to fish in sites where such measures
are applied but not in force. That being said, there are considerable differences from one study
to another. These variations are primarily due to the heterogeneous nature of the conditions of
each study. In cases where the Dillman approach is used, values are 4.87 % higher, and where
a “status quo” scenario is included, there is a drop of 75%?Z In other words, for survey
protocols where the baseline scenario is the status quo (actual fishing conditions) rather than
an “opt out” option (other fishing sites, or activities), respondents are more likely to express
lower marginal WTP value.

3.3- Meta-regression analysis of compensating surplus estimates

This particular meta-regression is based on the results of 9 studies, 2 of which were carried
out in Europe, with a total of 92 observations. The meta-regression applied to this sample
aimed to study effects on the compensating surplus of one additional visit, once fishing
conditions have been changed by the introduction of a combination of different regulatory
instruments. The equation (1) for this sample is calculated based on all the variables which
indicates the characteristics of our primary studies, and the variables relating to the different
(minimum, medium, maximum) levels at which different regulatory instruments (bag limit
and size limit) were applied in the choice experiment scenarios across studies. The results of
this model are presented in column 2 of Table 3.

On the basis of the results shown above, there is clearly a positive effect associated with the
application of catch and harvest limits (in comparison with status-quo or opt-out option) on
recreational fishermen satisfaction from fish trip. This is illustrated by the positive, significant
regression constant. However, regardless of the level at which other measures are applied,
welfare variations are lower when there are restrictions on the size of fish caught (negative
and significant coefficients for the three different levels). On the other hand, the introduction
of bag limits appears to have a significant positive impact when applied at maximum level
(i.e. at its most restrictive).

Expected compensating surplus estimates achieved by improving fishing conditions through
restricting catches are lower when they concern migratory fish. This would appear to indicate
that — all things being equal — fishermen who focus on these types of fish, as opposed to those
who focus on other species, have a lower expectation of benefit from improvements to their
fishing conditions through a mixture of biological measures. This is unsurprising, in the sense
that reproduction among migratory fish depends on a very specific set of conditions.

2 The increase of the dichotomous variable from 0 to 1 also leads to a variation in the percentage of the variable:
100 * (exp(B) — 1).
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Table 3: Mixed effect regression analysis of compensating surplus estimates

Variable Model estimated Model estimated
with full sample with restricted sample
Constant 0.54 1.89 ***
(0.59) (0.35)
Year of study 0.67 *** 0.32 ***
(0.06) (0.05)
Migratory Fish Species -0.97 *** -1.86***
(0.27) (0.24)
Status quo 0.84 ** 1.65 **
(0.32) (0.20)
Min-Bag-limit 0.52 -0.60
(0.51) (0.42)
Med-Bag-limit 0.16 -0.85 ***
(0.41) (0.25)
Max-Bag-limit 0.78 * -0.41
(0.50) (0.29)
Min-Size-limit -0.86 * -0.53
(0.40) (0.37)
Med-Size-limit -1.15 *** -0.41
(0.34) (0.26)
Max-Size-limit -0.55 ** -0.29
(0.58) (0.30)
T2 1,12 0.28
125 98% 91%
Adjusted R? 0.75 0.87
Number of observations 92 88

Note: Standard-error in (); *** significant at 1%, ** significant at 5% and * significant at 10%.

As before, we applied a sensitivity test, excluding estimations taken from studies carried out
in Alaska. In this case, we saw reduced dispersion of true variation in CS values, and a
reduction in 2 from 1.12 to 0.28 (Column 3 of Table 3). Expected welfare variation through
an improvement in fishing condition attributes is estimated to be about 6.86 € per fisherman
per trip, for all scenarios. As with marginal WTP, the influence of regulatory measures was
modified as a result. Variations in anglers’ satisfaction from an additional visit are not
sensitive to changes in size limits. On the other hand, they are lower in scenarios where the
bag limit instrument is applied at medium level. Introducing management based on a bag limit
(at medium level) reduces fishermen’s welfare by 50%. CS estimates specific to the fishing of
migratory species is 84 % lower. In other words, the benefits expected from management
policies based on limiting migratory fish catches are very low.

As before, the conditions in which studies are carried out have a significant influence on
results. The use of a status quo scenario as opposed to an opt-out option in the choice process
provides a four-fold increase in CS estimates. This is not surprising, because it refers to the
expected benefit from the form of fishing site management most likely to lead to an
improvement in fishing conditions. In cases where there is an opt-out scenario, CS estimates
reflect expected benefits for a site compared with that of other sites or other activities (i.e.
substitutes).
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4- DISCUSSION AND CONCLUSION

In this study, mixed effect meta-regressions were estimated to identify how regulatory
instruments affect recreational anglers’ preferences. More specifically, our meta-regression
results raise two broad findings. The type of fishing sites (coastal versus fresh water), target
species (or not) were significant explanatory variables of the variation in marginal WTP
estimates for an additional fish. More specifically, our study shows that such WTP is higher
for freshwater fishing sites, or at sites offering predominantly migratory fish species. Results
show also that recreational anglers perceive higher expected benefit from fishing experience
taking place in sites where fish catch regulations are applied. However, they are willing to pay
additional cost to avoid “fishing sites” where size limits are severely extended or where
numbers of fish caught are drastically reduced.

The results of our meta-regressions show that WTP varies significantly depending on the way
in which surveys are carried out. Statistically speaking, the effects of these different methods
make up a large proportion of the variation in marginal WTP between studies. When
combined, these variations can have a greater effect than those linked to the species fished
and the attributes of the various scenarios. The compensating surplus (CS) expected from an
additional fishing trip to sites with more stringent catch and harvest regulations are positive.
As for marginal willingness-to-pay values, the choice set design and the degree of severity of
catch and harvest limitations and target species were significant explanatory variables for
compensatory surplus estimates.

This study has several limitations. First, as most samples are from a few countries in Europe
and the US, the meta-regression analysis could not test the effects of detailed location
variables, nor could it reflect meteorological and natural conditions. Second, most studies did
not provide welfare variation estimates. Therefore, we cannot use the findings of our meta-
regression of compensating surplus estimates to compare the welfare effects of different
degrees of bag limits and size limits. Future studies should calculate compensating variation
surpluses that examine the effects of combining different levels of technical-biological
measures.

In fishing resource economics, there is a tradition of employing a bioeconomic approach,
which provides concepts and methods to understand the mechanisms through which more
sustainable fishing may be achieved (Cox and Walters 2002; Kulmala et al., 2008 to cite a
few). While the fishing management options put forward by such approaches are undoubtedly
effective when applied to purely biological questions, they are less so when dealing with
anglers’ behaviour, specifically the wide range of practices they exhibit and the way in which
the number of their catch can vary (Johnston et al., 2010; Fenichel and Abbott, 2014). This is
because bioeconomic models often use a simplified representation of anglers’ behaviour, in
order to simulate the impact of management measures on the development of fish stocks. One
of the aims of the more recent bioeconomic models has been to obtain a clearer picture of the
complex range of behaviours exhibited by recreational anglers (Johnston et al., 2015). This
has typically been achieved through attempts to combine fishermen’s satisfaction analysis
with the biological dynamics of specific fish populations. The welfare effects of fishing
regulatory measures were obtained through non-market valuation which applies the choice
experiment method to scenarios with different fishing conditions (Dabrowska et al., 2017). A
critical area for future research concerns the design of choice experiment studies and surveys
to identifying the welfare effects of regulatory instruments applied to recreational fishing, and
their potential implications for benefit transfer.
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The findings of this study suggest that the use of the choice experiment survey is a very
promising method by which to assess fishermen’s preferences as they apply to different
management scenarios for regulating fishing harvest and preserving species stocks. That said,
to achieve reliable results, it is important that researchers pay particular attention to the
methodology employed. Our findings indicate that the application of the Dillman method
(when compared to simple random sampling) provides higher marginal willingness to pay
estimates. In summary, future studies should employ more representative samples. Future
choice experiment studies should also be cautious in the definition of the baseline scenario of
their choice sets. The application of the status-quo scenario or an opt-out option has a
significant impact on the marginal WTP value and the magnitude of compensating surplus
estimate. Therefore, we recommend that future studies investigate recreational anglers’
preferences with status-quo scenarios for direct and unbiased comparisons of the welfare
effects of different fishing regulation instruments.

Acknowledgments: This work has benefited the financial support of the Nouvelle-Aquitaine
Regional Council under the FAUNA project.
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APPENDIX

Table A-1 Sensitivity analysis of marginal WTP estimate analysis

Variable Model A Model B Model C Model D Model E
Constant 3.17 *** 3.96 *** 3.36 *** 2.29 *** 3.38 ***
(0.56) (0.82) (0.68) (0.49) (0.64)
Year of study 0.12 ** -0.02 0.05 -0.002 -0.01
(0.06) (0.06) (0.06) (0.04) (0.06)
Fish biology -0.88 *** 0.90* 1.16 *** 1.74 *** 1.06 ***
review (0.26) (0.52) (0.23) (0.16) (0.21)
Dillman method 1.89%** 1.86 *** 1.85 *** 2.22 *** 1.94 ***
(0.20) (0.27) (0.28) (0.18) (0.29)
Status quo -1.29 *** -0.94 ** -0.97 *** -0.97 *** -0.98 ***
(0.30) (0.47) (0.34) (0.23) (0.33)
Coastal Site -0.57 * -0.06 0.03 0.75 *** 0.33
(0.33) (0.43) (0.37) (0.26) (0.41)
Migratory Fish -0.33 0.43 ** 0.58 *** 0.56 *** 0.51 **
Species (0.35) (0.21) (0.22) (0.16) (0.21)
Residents -0.53 * -1.88 *** -1.88 *** -1.87 *** -1.88 ***
(0.30) (0.20) (0.20) (0.15) (0.20)
Europe 1,19*** 0.84 ** 0.40 0.96 *** 0.67 **
(0.33) (0.41) (0.38) (0.25) (0.34)
Size limits -0.19 -1.42 *** -0.60 *** 0.02 -0.67 ***
(0.20) (0.23) (0.22) (0.15) (0.21)
Catch-and-Release -1.00 *** 0.56 ** -0.37* -0.3913 ** -0.40 *
(0.28) (0.24) (0.22) (0.1514) (0.21)
Other Instruments -0.21 -1.53 *** -2.40 ** -0.94 *** -1.25 ***
(0.39) (0.48) (0.93) (0.34) (0.48)
T2 0.75 1.19 1.24 0.58 1.23
12 97% 94% 96% 95% 96%
Adjusted R? 0.67 0.80 0.70 0.87 0.69
Number of 172 193 246 248 251

observations

Note: Standard-error in () ; *** significant at 1%, ** significant at 5% and * significant at 10%.
Model A = meta-regression excluding results from the study by Lew and Larson (2014).

Model B = meta-regression excluding results from the study by Anderson and Lee (2013).
Model C = meta-regression excluding results from the study by Hutt et al. (2013).

Model D = meta-regression excluding results from the study by Lew and Larson (2012).

Model E = meta-regression excluding results from the study by Gentner (2004).
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