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A B S T R A C T   

In the brackish lagoons located in coastal inshore areas around the German island of Rügen, pike Esox lucius is a 
highly sought after target species for recreational fishers. Yet, the pike stock is currently in decline, and conflicts 
with other user groups (specifically commercial fishers) have emerged. To inform future fisheries management, 
an improved understanding of the human dimensions of recreational fishers, including their preferences for catch 
outcomes and regulations, is relevant. Our objective was to better understand how German recreational pike 
fishers react to different types of harvest regulations in trade-off with risky or ambiguous catch outcomes for pike 
and other predators in the lagoon fishery. We conducted an online survey including choice experiments for 
angling experiences that differed in seven attributes. Data were analyzed using a latent class model. We found 
four distinct angler types differentiating resident and tourists and dependency on pike. Specifically, we identified 
a highly involved pike tourist (42 % average probability), a consumptive, generalist tourist angler type (18 %), a 
highly specialized local trophy pike angler type that readily engaged in catch-and-release (12 %), and a local 
generalist angler that also benefitted from the catch of other predators than pike (18 %). Despite heterogeneity in 
preferences, all four angler types generally accepted more restrictive regulations for pike removals than currently 
in place, and dispreferred low catch probabilities compared to catch ambiguity. Most angler types also revealed 
diminishing marginal utility returns for catch rates, where the first three pike in a day provide utility, while the 
marginal benefits of catch rate decrease to zero for more than three pike per day. Angler types varied more in 
their preferences for trophy pike, the general attractiveness of the pike as a target and the utility derived from 
catching fish other than pike. Particularly the more specialized angler types focused on size rather than catch 
rate. Despite preference heterogeneity, focusing management attention on maintaining a sufficiently high catch 
rate and increasing the number of trophy pike in the stock seems to satisfy the expectations of most angler types. 
To achieve such outcomes, the anglers of all types would overwhelmingly support implementing harvest slots of 
50–85 cm that allow both small and large fish to be released (rather than the current minimum-length limit of 50 
cm), and accept reductions in the daily bag limit to 1 pike per day (relative to the current of 3 pike per day). 
Implementing these policy measures would unlikely generate substantial conflict with anglers represented in our 
survey.   

1. Introduction 

Managing fisheries involves managing people (Ditton and Hunt, 
2001; Hilborn, 2007). This is because it is often the behavior of people 
that determines outcomes of fisheries management actions (Fulton et al., 
2011; Ward et al., 2016), and because fisheries managers often attempt 
to meet social and economic objectives in addition to ecological 

objectives (Dichmont et al., 2021; Royce, 1983), such as the conserva-
tion of biodiversity (FAO, 2012). In coastal fisheries, recreational fishing 
is an increasingly important activity (Hyder et al., 2018; Ihde et al., 
2011) that often stands in competition with commercial fishers about 
fish and space (Kearney, 2002) and typically is carried out by a diverse 
set of angler types that pursue different goals when fishing (Arlinghaus 
et al., 2008; Bryan, 1977; Hunt et al., 2021; Johnston et al., 2010). This 
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diversity in preferences challenges fisheries managers to formulate 
policies and actions that maximize the overall user experience while 
achieving biological substainability (Johnston et al., 2010). Knowledge 
of the tradeoffs anglers are willing to make, as well as winners and losers 
of different policy options is key for a designing sustainable fisheries 
management actions (Dorow et al., 2010; Hilborn, 2007; Johnston et al., 
2013). 

There exists a wide literature on angler preferences (e.g. Dabrowksa 
et al., 2017; Curtis, 2018; Koemle et al., 2021; Oh and Ditton, 2006; 
Renyard and Hilborn, 1986; review by Hunt et al., 2019) as well as 
angler heterogeneity (e.g. Arlinghaus et al., 2008; Bryan, 1977; Haab 
et al., 2012; Knoche and Lupi, 2016; Matsumura et al., 2019). A common 
approach to assess preferences is the econometric estimation of choice 
models based on revealed preference (RP) or stated preference (SP) data 
(Hunt et al., 2019). These choice models typically estimate preferences 
for the outcomes of an angling day (e.g. expected catch rate), policy 
measures (e.g. protected seasons, minimum-size limits, daily bag limits) 
as well as cost sensitivity. Past research using choice-based utility 
models in recreational fisheries has been reviewed by Hunt et al. (2019) 
revealing that most anglers prefer some aspect of catch or harvest (e.g., 
catch rate, harvest rate, catch of certain species or size) and that most 
anglers are sensitive to costs (e.g., travel costs) or crowding and also 
react sensitively to fishing constraints (e.g., harvest regulations), envi-
ronments (e.g., aesthetic appeal of a site) or opportunities (e.g., facil-
ities, site availability or dimensions). However, substantial diversity 
exists in almost all angler populations about how important additional 
catches, the size of fish in the catch or harvest, and the presence of 
absence of harvest constraints are within a multi-attribute utility func-
tion (Aas et al., 2000; Aas and Vittersø, 2000; Arlinghaus et al., 2020; 
Dorow et al., 2010). Some anglers prefer to catch a few trophy-sized fish, 
rather than many smaller fish (Anderson et al., 2007). Other anglers 
prefer to harvest fish rather than catch and voluntarily release fish, 
which can also affect which harvest regulations are preferred (Aas et al., 
2000; Aas and Vittersø, 2000; Bryan, 1977; Dorow et al., 2010). Sub-
stantial heterogeneity has for example been found for anglers with re-
gard to their preferences for harvest constraints such as bag limits or 
size-based landings limits (e.g. minimum-length limits, Aas et al., 
2000; Carter et al., 2020; Dorow et al., 2010). More consumptive anglers 
will be more likely to support higher bag limits compared to less 
consumptive anglers (Andrews et al., 2021; Beard et al., 2003; Carlin 
et al., 2012), who may in turn voluntarily practice catch-and-release 
fishing (Arlinghaus, 2007; Olaussen, 2016). There may also be hetero-
geneity among anglers regarding the potential for diminishing marginal 
returns to the number of fish caught per day (Arlinghaus et al., 2014; 
Lawrence, 2005), i.e. the 4th fish may be less valuable to an angler than 
the 1st fish caught, particularly with respect to the catch orientation of 
the angler. Catch preferences may also be related to the distance be-
tween residence and angling location; local anglers may be less sensitive 
to low probabilities of catching fish at any specific day compared to 
tourists who fish in the area only a limited number of days of the year. 
Designing effective harvest regulations requires knowledge of the dis-
tribution of different angler types in a population as variation in pref-
erences will determine how different people react to changes in the 
social, regulatory or catch environment of anglers (Johnston et al., 2015, 
2013, 2010; Matsumura et al., 2019). 

The outdoor recreation and leisure science literature has developed 
several scales to measure angler diversity (reviewed in Hunt et al., 
2021). One of the most prominent concepts is the framework of angler 
specialization by Bryan (1977), who conceptualized anglers are moving 
across stages of the generalized, casually involved anglers to highly 
species- and setting specialized anglers that are characterized by very 
specific preferences. Generally, the more committed and hence 
specialized an angler is, the less this person is focused on consumption of 
fish and the more this person will accept also quite restrictive harvest 
policies (Bryan, 1977). However, exceptions to this rule exist in more 
consumptive fisheries where the more committed anglers preferred 

more liberal harvesting opportunities (Dorow et al., 2010). Specializa-
tion constitutes a general measure of how important an activity is to an 
angler, often measured by three subdimensions (Scott and Shafer, 2001) 
behavioral commitment, skill and psychological commitment (Beard-
more et al., 2013; e.g. centrality to lifestyle, Kim et al., 1997). Although 
assumed to be correlated with specialization (Bryan, 1977), anglers can 
also vary in their attitudes towards the catch related aspects of fishing, 
specifically their tendency to valuing catch over non-catch aspects of 
fishing, catch numbers, size of fish captured and the retention vs. release 
properties of angling (Anderson et al., 2007; Graefe, 1980). Other pos-
sibilities to characterize anglers along dimensions of diversity is the 
degree of place attachment (Kyle et al., 2005; Williams and Vaske, 2003) 
and angler motives, which are often subdivided in activity general 
(motives that can be satisfied by outdoor recreation more general) or 
activity-specific motives (e.g., those related to catching fish or experi-
encing challenge aspects of fishing in the struggle with the fish) (Fedler 
and Ditton, 1994; Fisher, 1997; Manfredo et al., 1996). Although pref-
erences of anglers for harvest constraints and catch aspects have been 
related to these and other dimensions of angler diversity (Beardmore 
et al., 2013; Carlin et al., 2012; Koemle et al., 2021; Oh and Ditton, 
2006), more research to systematically explore the degree to which 
psychological measures of angler diversity can explain preference het-
erogeneity is warranted (Hunt et al., 2021). 

Catching is a key component of a satisfying angler experience 
(Birdsong et al., 2021) and thus anglers tend to have clear preferences 
for catch outcomes (Hunt et al., 2019). However, anglers typically do 
not always catch a fish when going fishing (Seekell, 2011), and may in 
turn form expectations on the probability of not catching a fish at all. 
These expected probabilities can affect decisions to participate in a local 
fishery, e.g., by tourists. However, the concept of catch uncertainty has 
been largely neglected in the recreational fishing literature. The lan-
guage around uncertainty is inconsistent in the literature (Machina and 
Siniscalchi, 2014), and we use the term as an umbrella for two specific 
concepts. First, with the term risk, we describe a situation where prob-
ability of an uncertain outcome can be objectively known (e.g. a coin-
flip) in the sense of Knight (1921), and is also known to a decision 
maker. Second, we use the term ambiguity to describe a situation where 
objective probabilities are not known to a decision maker (Ellsberg, 
1961). For example, if an angler knows that he or she would have a 80 % 
probability of catching a fish on a given day, the risk of not catching is 20 
%, i.e. - on 2 days out of 10 the angler would expect to catch nothing. 
However, if the angler does not know or is uncertain about what the 
odds of catching are, the catch outcome would be ambiguous - an aspect 
that might be particularly important to non-resident people with limited 
knowledge of a local fishery. Ellsberg (1961) suggested that decision 
makers typically prefer an outcome where the probability is known to an 
outcome where this probability is unknown; that is, people prefer risk 
over ambiguity, i.e. they are ambiguity averse to a certain degree. There is 
a growing literature incorporating uncertainty in stated preference 
surveys in various contexts (Dorner et al., 2019; Glenk and Colombo, 
2013; Roberts et al., 2008; Rolfe and Windle, 2015), and first examples 
exist in recreational fishing (Wielgus et al., 2009). However, it is un-
clear, particularly in the context of recreational fishing, whether anglers 
would prefer risky over ambiguous catch outcomes no matter what the 
level of risk is, or whether anglers switch to preferring an ambiguous 
over a risky negative outcome, e.g. the probability of not catching a fish, 
once the known risk becomes too high. Not knowing what to catch may 
also be a component of the challenge and adventure aspects of fishing, 
such that anglers might prefer ambiguous over known low probabilities 
of catching. 

In this paper, we use the lagoon pike Esox lucius fishery around the 
islands of Rügen, Hiddensee and Usedom in north-eastern Germany in 
the southern Baltic Sea as a case study system (Fig.1). This fishery 
consists of several brackish lagoons (named “Bodden”) with direct ac-
cess to the Baltic Sea; they host a wide variety of stenohaline marine and 
freshwater as well as migrating marine and diadromous species, thereby 
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creating a divers range of fishing opportunities (Arlinghaus et al., 2021; 
Koemle et al., 2021; Weltersbach et al., 2021). The lagoon fishery is 
particularly well-known among pike anglers for the opportunity to catch 
trophy-sized pike in challenging environment (Koemle et al., 2021), but 
catches (Arlinghaus et al., 2021) and size of pike in the catch may have 
decreased in recent years. This is supported by a formal stock assessment 
suggesting decreasing stock sizes (van Gemert et al., 2022). For anglers, 
lagoon pike is an increasingly non-consumptive fish, where roughly 60 
% of fish are voluntarily released by anglers (Arlinghaus et al., 2021), 
and specifically targeted in the autumn and winter months (November 
through February), particularly by tourists (Weltersbach et al., 2021). 
Apart from about 15,000 local anglers, the fishery attracts around 35, 
000 angling tourists each year, half of which specifically target Bodden 
pike (Weltersbach et al., 2021). Conflicts among anglers and fishers are 
increasingly noted in the region (Vogt, 2020), suggesting there is 
competition for space and fish, and the recent decline of the pike stock 
(and the trophy pike in the stock) is a source of concern for anglers and 
state fisheries managers (Arlinghaus et al., 2022). To assist managers in 
understanding their angler constituency, we used choice experiments to 
measure preferences for catch outcomes and catch uncertainty, several 
novel harvest regulations (especially the novel tool of harvest slots 
relative to the standard minimum-size limits, and daily bag limits), as 
well as costs. We included angler taste heterogeneity by estimating a 
latent class model, and explained the latent class membership with 
stated angler characteristics (specialization, place attachment, catch 
orientation, residency). Given the arguments above, we hypothesized 
that there will be multiple types of anglers fishing for pike in the Bodden, 
which emphasize different aspects of the experience (H1). We further 
hypothesize that anglers are generally ambiguity-averse; that is, they 
will prefer a 25 % and a 50 % non-catch probability over an unknown 
non-catch probability (H2). We expected that resident anglers would be 
more consumption-oriented and have a lower interest in trophy pike 
outcomes compared to angling tourists (H3). We also hypothesized that 
more specialized anglers, as reflected by a higher centrality to lifestyle, 
would be more interested in catching trophy pike (H4). With regard to 

harvest regulations, we finally hypothesized that for a mainly 
non-consumptive fish such as pike, tourists will be in favor of stricter 
daily bag limits and restrictions on the harvestable size of fish, as this 
may be associated with stronger protection and the possibility to more 
frequently catch trophy-sized pike (H5). 

2. Study area 

The data in this study were collected in the context of pike fishing in 
the shallow brackish lagoons around the islands of Fischland-Darß, 
Rügen, Hiddensee and Usedom in north-eastern Germany (Fig. 1). The 
lagoons offers oligo- to mesohaline salinities smaller than on average 10 
PSU year-round and spans roughly 2000 km2. The fishery is a mixed 
commercial-recreational fishery (Koemle et al., 2021; van Gemert et al., 
2022) that targets a wide variety of freshwater species. In addition, 
particularly the Greifswalder Bodden is well-known as a spawning area 
for herring Clupea harengus in spring, and there is a smaller herring stock 
migrating into the lagoons and targeted by fisheries in autumn as well 
(Döring et al., 2020; Subklew, 1955). The fishery is a regulated open 
access-type fishery, where anglers must hold a coastal fishing license 
and commercial fishing is regulated by licenses and area and 
enterprise-specific caps on passive gear (e.g. gill net meters, fyke net 
locations). Pike fishing is additionally currently regulated by the 
following measures: (1) a bag limit of three pike per day for recreational 
fishers, (2) a protected season from March 1st to April 30th during which 
all targeting and harvest of pike is prohibited, (3) a minimum-size limit 
of 50 cm, and (4) a minimum mesh size of 100 mm (stretched) for 
gillnets of commercial fishers when targeting pike. In addition, the area 
holds several permanent as well as temporary protected areas where 
fishing is either prohibited or reduced (e.g. through limits on access for 
motor boats). The lagoon fishery has become well-known for the op-
portunity to catch trophy pike (Fuhrmann and Balkow, 2013) and hosts 
several businesses offering guided angling (Arlinghaus et al., 2021; 
Vogt, 2020). The prime fishing season for pike is in winter, particularly 
from October to February before the spawning closure. In the year 

Fig. 1. Map of the study area in Mecklenburg-Vorpommern in north-eastern Germany. The brackish lagoons named Bodden in German are shown in blue.  
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2014/2015 there were roughly 50.000 recreational fishers in the area 
(Weltersbach et al., 2021), half of which targeted pike at least once 
(Arlinghaus et al., 2021). The total landings of commercial fisheries 
have been declining since 2013, and the actual stock is classified as fully 
exploited and size overfished (van Gemert et al., 2022). 

3. Methods 

Between November 2020 and April 2021, an online survey targeting 
anglers who previously fished for pike in the Bodden areas around 
Rügen was conducted. Respondents were recruited through the 
following channels:  

1. By telephone based on a list of anglers who had volunteered to be 
contacted for research in the state of Mecklenburg-Vorpommern 
while purchasing the coastal fishing permit. In total 9534 in-
dividuals were contacted, 1069 of which provided email addresses to 
participate in the survey. 430 of these participated in the survey 
(before data cleaning, see below).  

2. Eight angling shops were recruited to collect contact information of 
interested respondents. Due to the COVID pandemic, only three 
shops provided twelve individuals who were willing to take the 
survey. In addition, an online retailer for fishing licenses collected 
367 individuals’ contact information at the point of sale. 

3. Campaigns were run on facebook and twitter through paid adver-
tisements as well as promotion through angling influencers.  

4. Print advertisements were posted in six angling magazines including 
a supporting article that explained the context of the survey. 
Advertisement were also placed in multiple specialized online an-
gling forums. 

The survey was administered online by a professional survey com-
pany from November 2020 to April 2021. To boost responses, all anglers 
who finished the full questionnaire were incentivized with 10 € gift 
certificate for an online angling store, as well as the chance to win one of 
three 500 € vouchers for the same angling store. Apart from a choice 
experiment that was presented to each respondent (with eight choice 
cards, see below), the survey included a number of questions designed to 
describe past behavior and anglers’ heterogeneity regarding centrality 
to lifestyle, place attachment and catch orientation as described below. 

3.1. Assessing angler heterogeneity 

A number of concepts have been developed to describe angler 
characteristics. The centrality to lifestyle scale that we used was adapted 
from consumer product involvement scales used in the marketing 
literature to the outdoor recreation context (Kim et al., 1997), and can 
be seen as a subdimension of recreation specialization (Bryan, 1977), 
emphasizing the psychological importance of angling as a leisure ac-
tivity (Beardmore et al., 2013; Scott and Shafer, 2001). To keep the 
response time low, we used an abbreviated scale taking five items from 
the Sutton (2003) original nine-item centrality-to-lifestyle scale 
measured on five point scale (strongly disagree, disagree, neither/nor, 
somewhat agree, strongly agree) (Table 1). The five items combined 
produced a Cronbach’s alpha of 0.81. For further analysis, we recoded 
the responses into numerical values (i.e strongly disagree = 1, strongly 
agree = 5) took the average over the five items and then dummy-coded 
“high centrality to lifestyle” via a median split (i.e. 1 if greater than the 
median and 0 otherwise) to describe an individual’s commitment to 
recreational fishing. With a mean of 3.5 (sd = 0.8), anglers in our sample 
saw themselves to be slightly above the center of the scale. 

To assess the importance of targeting Bodden pike specifically, we 
asked respondents to evaluate the two statements “I would call myself a 
specialist for Bodden pike” and “Bodden pike is just one fish species 
among many” on the same five point disagree/agree scale. Responses to 
the latter statement were reversed before index building and further 
analysis. 

A third construct we used, catch orientation, measures the attitudes 
towards the catch-related aspects of recreational fishing, which has four 
subdimensions: attitudes towards catching fish generally, catching large 
fish, catching many fish, and the non-catch-related aspects of fishing 
(Aas and Vittersø, 2000; Anderson et al., 2007; Graefe, 1980; Kyle et al., 
2007; Oh and Sutton, 2019). We used a shortened version of seven items 
of the original Anderson et al. (2007) scale and reworded them to be 
specifically geared towards the catch orientation of Bodden pike 
(Table 1). Because we only used seven of the original twelve statements, 
we used exploratory factor analysis to see if we could reproduce the 
original subdimensions. We found two multi-item constructs ( “catching 
something”, which we used in a coding representing the importance 
placed on receiving benefits through the non-catch dimensions of fish-
ing, and “catching trophy fish”) in addition to the two single items 
“catching many fish”, and “releasing fish”. For further analysis, as before 

Table 1 
Summary statistics of item scales used to compute indicators of angler characteristics in this paper. Several statements were formulated to the Bodden context and 
translated to English. alpha is Cronbach’s alpha.  

Scale Subdimension Statement Mean SD Min Max 

Bodden pike specialization  I would call myself a specialist for Bodden pike.  2.6  1.1  1.0  5.0   
Bodden pike is just one fish species among many.  3.0  1.2  1.0  5.0 

Catch orientation Catch many The more Bodden pike I catch, the happier I am.  3.3  1.1  1.0  5.0  
No catch (alpha = 0.83) A fishing trip for Bodden pike can also be successful when I catch no pike.  3.7  1.2  1.0  5.0   

When I go fishing for Bodden pike, I’m just as happy if I don’t catch fish.  3.1  1.3  1.0  5.0  
Release I release most of the Bodden pike I caught.  4.4  1.0  1.0  5.0  
Trophy (alpha = 0.74) I like to fish where I know I have the chance to catch a trophy Bodden 

pike.  
3.6  1.0  1.0  5.0   

The bigger the Bodden pike I catch, the better the fishing trip.  3.5  1.2  1.0  5.0   
I would rather catch 1 or two big Bodden pike than 10 smaller ones.  3.7  1.2  1.0  5.0 

Centrality to lifestyle (alpha =
0.81)  

I find a lot of my life is organized around fishing.  4.0  1.0  1.0  5.0   

I prefer to go fishing over other activities.  4.0  1.0  1.0  5.0   
Other leisure activities do not interest me as much as recreational fishing.  3.6  1.2  1.0  5.0   
I would call myself a fishing expert.  3.4  1.0  1.0  5.0   
If I could not fish, I would not know what else to.  2.7  1.3  1.0  5.0 

Place attachment Place dependence (alpha =
0.76) 

No other waterbodies can compare to the Bodden.  4.2  0.9  1.0  5.0   

The Boddens are the best water bodies for pike fishing.  3.6  0.9  1.0  5.0   
I wouldn’t substitute the any other waterbody for the Bodden for pike 
fishing.  

3.3  1.1  1.0  5.0  

Place identity (alpha = 0.87) Angling at the Bodden means a lot to me.  4.0  0.9  1.0  5.0   
I identify strongly with the Bodden.  3.9  1.1  1.0  5.0  
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we first averaged item responses within the subdimensions or took the 
numerically coded responses for the single items, and then 
dummy-coded the individual subdimensions with a median split (1 if 
greater than median, 0 otherwise). 

As a final measure from the recreational fishing literature, we used 
two subdimensions of the place attachment construct, namely “place 
dependence” and “place identity” (Kyle et al., 2005; Williams and Vaske, 
2003). Place dependence describes the functional relationship that an 
individual has with a certain place, i.e. how a place’s physical charac-
teristics provide a basis for a certain activity (Williams and Vaske, 
2003). We measured place dependence using three items modified to-
wards the context of the Bodden (Table 1). Place identity describes the 
affective component, that is, the emotional attachment a person holds to 
a place (Williams and Vaske, 2003). Using exploratory factor analysis, 
we found the two items previously related to place identity loaded as 
expected, while only two out of three items loaded on the place 
dependence subdimension. Therefore, we only kept items with loadings 
>0.6 when building indices by averaging. Again, indicators were con-
structed in the same fashion as before (dummy-coded median split, 1 =

high, 0 = low). 

3.2. Choice experiment design 

The choice experiment (CE) is a survey based method designed to 
study how individuals choose experiences, policies, or products 
(Hensher et al., 2005; Koemle and Yu, 2020). It has been widely applied 
in various contexts including consumer research (e.g. Gassler and 
Spiller, 2018; Giampietri et al., 2016) outdoor recreation (Hunt et al., 
2019; Koemle and Morawetz, 2016; Morey et al., 2002; Morey and 
Thiene, 2017), energy demand (Ku and Yoo, 2010), or health care 
(Green and Gerard, 2009). In choice experiments, survey respondents 
are asked to trade off product or policy attributes. This is accomplished 
by presenting choice sets with mutually exclusive alternatives and 
asking respondents which alternative the person prefers. The assump-
tion is that people maximize utility and thus choose the alternative that 
provides them the highest utility. In our context of fishing, the alter-
natives presented to respondents were different Bodden pike fishing 
experiences, including the alternative of not fishing for Bodden pike 
(example in Table 2). From the observed choices in the survey, re-
searchers typically estimate the parameters of a utility function. Ac-
cording to the consumer theory by Lancaster (1966), utility does not 
come from the chosen products, but from the product attributes, in our 
case the attributes describing the angling experience. 

Given the extensive previous research on attributes of fishing trips 
desired by recreational fishers (Hunt et al., 2019), for our choice 
experiment we selected a list of attributes that were found to be relevant 

in the context of Bodden pike based on expert judgement as well as 
qualitative in-depth-interviews conducted with five experienced local 
and five tourist anglers, eight angling guides, and one representative 
from the local and one from the state angling association (Table 3). 
These were one-on-one interviews with a length from 45 minutes to just 
over three hours, focused on issues around pike and pike fishing, 
including stock status, harvest regulations, fishing strategies, and con-
flicts (for details, see Vogt, 2020). Apart from the expected catch rate 
outcomes of pike and other predatory fish in the lagoons (e.g. perch 
Perca fluviatilis, pikeperch Sander lucioperca), and trophy pike catch 
(which is defined in German culture as catching fish that exceed 1 m), in 
media and personal interviews (e.g. Vogt, 2020) anglers frequently 
expressed the need of introducing a harvest slot and stricter bag limits to 
protect pike. We thus included these harvest regulations in our attribute 
list, so as to produce a mix of catch outcomes of pike and other predatory 
fish and harvest regulations for pike (Table 3). The attributes and their 
levels (Table 3) were then tested for plausibility and relevance using 
cognitive interviews (Dillman et al., 2014) with five experienced Bodden 
pike anglers. We also conducted a field examination using pre-tests with 

Table 2 
Example choice set used in a choice experiment to measure preferences for an-
gling experience attributes for Bodden pike fishing.  

Attribute Bodden pike fishing 
day 1 

Bodden pike 
fishing day 2 

Don’t fish for 
Bodden pike 

Expected catch if 
> 0 

9 pike 3 pike  

Probability of zero 
pike catch 

75 % (you do not catch 
any pike on 7–8 out of 

10 days) 

? (probability 
unknown)  

Catch of a large pike 
(>1 m) 

? 1 every 20 days  

Daily bag limit 6 pike 1 pike  
Harvest slot 50–70 cm 50 cm - no 

upper limit  
Expected catch of 

predators other 
than pike 

9 9  

Trip cost 10 € 100 €  
I prefer: O O O  

Table 3 
Attributes and levels used in a choice experiment on pike angling experiences.  

Attribute Levels Description 

Expected catch if 
> 0 

1/3/6/9/12/15 pike/ 
day 

The number of Bodden pike you 
can expect to catch if the angling 
day is successful. Sometimes you 
will not catch any pike (see 
below) 

Probability of zero 
pike catch 

25/50/75 %, ? This attribute describes the 
probability that you will not 
catch a Bodden pike. For 
example, ’50 %’ means that out of 
10 fishing days, you will catch 5 
times no pike and 5 times the 
amount stated above. ’?’ means 
that this probability is unknown 
to you, it could be high or low. 

Catch of a large 
pike 

every 5/20/50 days, ? This attribute describes every 
how many fishing days you will 
catch a pike of 1 m or larger. ’?’ 
means that you cannot guess this 
number of days, so it could be 
more or less frequently 

Harvest slot 50–70 cm, 50–85 cm, 
50–100 cm, 50 cm - no 
upper limit 

There currently exists a minimum 
size limit of 50 cm for harvesting 
pike. But there is no maximum 
size that mandates fish to be 
released. The introduction of a 
maximum size limit in addition to 
the current unchanged minimum 
size limit of 50 cm would lead to 
the so-called ’harvest slot’. The 
alternative fishing days include in 
addition to keeping the current 
minimum size limit (’50 cm - no 
upper limit’) the introduction of a 
maximum size limit of 70 cm, 
85 cm or 100 cm. 

Daily bag limit 1/2/3/6 pike/day There currently exists a bag limit 
of 3 pike per day and angler. The 
alternative fishing days include 
an increase to 6 or a decrease to 1 
or 2 pike per day, 

Expected catch of 
predators other 
than pike 

0/3/6/9 fish Expected number of individuals 
caught of other predatory fish 
species (specifically pike-perch or 
perch) 

Trip cost in € 10, 50, 100, 200, 400 The cost of this Bodden fishing 
trip. It includes cost for wearing 
parts of your equipment (lures, 
etc.), boat rental, fuel, licenses. It 
does not include transportation 
cost.  
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ten anglers and found the experiment to perform well and be well un-
derstood. After testing, the attributes and levels were used to produce a 
D-optimal experimental design in Ngene. 

In the questionnaire, we explained (i.e., framed) the choice task to 
the respondents as follows: 

Imagine you are planning an angling trip at the Bodden mainly targeting 
pike. You are cast fishing with an artificial lure. You have the choice between 
two different angling experiences, (Angling Day A and Angling Day B) to fish 
for pike in the Bodden. Your own fishing experience allows you to estimate 
your expected catch and the size up to a certain probability. If you do not like 
any of the angling experiences, you can also decide not to fish for Bodden 
pike. The angling experiences differ in 7 attributes with different levels. This 
choice task is repeated 8 times. 

We then introduced the attributes and explained how uncertainty 
parameters for the catch outcomes were to be understood (see Table 3 
for all attribute levels and an English translation of the explanation 
provided to respondents). For example, for the 50 % risk of not catching 
a pike, we explained that out of ten fishing days, on five of those the 
angler would not catch a pike. The ambiguity level was explained as an 
unknown probability, i.e. there would be the chance of not catching 
pike, but this probability was unknown to the respondent. The current 
situation of harvest regulations was explained (i.e. minimum size limit 
of 50 cm, and daily bag limit of three pike), and the mechanics of a 
harvest slot were then introduced as “a maximum size limit for har-
vesting pike in addition to the current level of a minimum-length limit of 
50 cm”. There were always levels representing the status quo regula-
tions (e.g., to maintain a current minimum-size limit of 50 cm, in which 
case there was no upper limit). The cost attribute was introduced as the 
total cost of the angling trip, but without costs for transportation, to 
standardize the experiment and make it credible for both, resident an-
glers and those from federal states other than Mecklenburg- 
Vorpommern (defined as tourists). After each choice task (Table 2), 
we asked these two follow-up questions: (1) How many days would you 
like to fish for Bodden pike in a year given the conditions in your chosen 
angling experience? (2) How many pike would you like to harvest in a 
year given the conditions of your chosen angling experience? 

3.3. Empirical analysis 

The standard workhorse in choice analysis is the random utility 
model (McFadden, 1974), which describes utility u as the sum of an 
observable part v and a part that is unobservable to the researcher, but 
known to the individual making the choice, ε. v is typically assumed to 
be a linear additive function of attributes x each weighted by their 
part-worth utility β, so v =

∑
kβkxk. Assuming an extreme value type 1 

distribution for ε, one can describe the probability of individual i 
choosing an alternative j over other alternatives by the conditional logit 
(CL) model P

(
yi = j

)
= evij∑

k
evik 

(Train, 2009). 

The CL model comes with the restriction that preferences are 
assumed to be homogeneous within the population. A generalisation of 
the standard CL model has been developed in the area of mixture models 
(Train, 2009). The mixed model in a choice context comes in two flavors: 
(1) the random parameters logit (RPL) model assumes that preferences 
(i.e. the parameters of the utility function) are distributed according to 
some pre-specified continuous distribution (e.g. the normal distribu-
tion). (2) The latent class (LC) model assumes that parameters of the 
utility function are distributed according to a discrete distribution, and 
the respondents belong to a finite set of “latent” classes or segments 
(Boxall and Adamowicz, 2002). To segment anglers into different types, 
we estimated a latent class model (as in Arlinghaus et al., 2020; 
Meyerhoff et al., 2019). The class membership can be related to 
person-specific angler characteristics (e.g. catch orientation). The 
number of classes has to be chosen by the researcher prior to estimation. 
While there is no generally accepted method for choosing the number of 
practice, a common practice is to base this decision on the Akaike 

Information Criterion (AIC) (Train, 2009). 
In the choice analysis, one has to make a decision as to how to code 

attributes. The typical variants are linear coding or dummy coding. 
Dummy coding is used when attributes are categorical, or when the 
researcher assumes a non-linear relationship between the probability of 
choice and the level of a particular continuous attribute. To test for non- 
linearities in the catch attributes (“expected catch of pike” and “ex-
pected catch of other predators”) of our choice model, we experimented 
with different strategies and ended up with a piece-wise linear specifi-
cation. That is, we split the continuous attribute into two separate var-
iables, one describing the marginal utility of catching zero to three fish, 
and the other describing the marginal utility of catching more than three 
fish. See Mariel et al. (2021) for a detailed description of piecewise 
linear coding. 

Several methods have been employed to incorporate statements on 
risk in choice analysis, including expected utility, probability weighting, 
and direct utility from risk (Glenk and Colombo, 2013). To better un-
derstand how anglers traded of risk for ambiguity in catch outcomes (for 
pike catch rate and trophy pike catch), we used a direct utility from risk 
formulation (e.g. Glenk and Colombo, 2013) and dummy-coded the 
individual risk levels, using ambiguity as a base category. Therefore, 
risky results are interpreted relative to an ambiguous outcome. 

To estimate the welfare effect of attribute changes, we computed the 
marginal willingness-to-pay (WTP) for each attribute. In a utility 
maximizing context with linear cost sensitivity, the marginal WTP is 
simply the negative ratio of utility parameters, i.e. −

βAttr
βPrice

. Standard 
errors can be calculated using the Delta method. 

Finally, to assess the effect of harvest regulations and catch outcome 
on pike fishing effort and pike removals in the Bodden (i.e. the intensive 
margin), we used two fixed-effects models (within-transformed). The 
fixed-effects model removes the effect of individual-specific, time- 
invariant unobserved effects (e.g. personal characteristics) by subtract-
ing the within-person mean from each observation of dependent and 
independent variables (Baltagi, 2005). 

In this paper, we estimated both choice models using the R (R Core 
Team, 2020) package gmnl (Sarrias and Daziano, 2017). The fixed ef-
fects models were estimated with the plm package (Croissant and Millo, 
2008; Millo, 2017). Data were handled using the package dlpyr (Wick-
ham et al., 2020) of the tidyverse (Wickham et al., 2019), plots con-
structed with ggplot2 (Wickham, 2016) and sf (Pebesma, 2018) and 
tables with flextable (Gohel, 2022). To produce indicators for angler 
characteristics, we used exploratory factor analysis and reliablity anal-
ysis (Cronbach’s alpha) on the item scales described above with the 
respective functions of the psych package (Revelle, 2021). 

4. Results 

4.1. Descriptive analysis 

A total of 1599 respondents started the questionnaire, 1329 of which 
answered the choice sets and were therefore kept for the subsequent 
analysis. The median response time was about 40 min. Twenty-one 
percent of respondents were residents of Mecklenburg-Vorpommern, 
while 79 % were from other states (defined as “tourists” in subsequent 
analyses). The respondents were 40 years old on average (sd = 13). On 
average, on a five point scale respondents expressed positive attitudes 
acknowledging the non-catch aspects of fishing (e.g., a fishing day can 
be satisfactory even if no fish are captured), as well as a strong attitude 
towards releasing fish (Table 4) and catching trophy pike (3.5–3.7). 

With respect to centrality to lifestyle, respondents on average 
described themselves as preferring fishing over other activities (4.0), 
having their life organized around fishing (4.0), but also suggested that 
they would not necessarily not know what else to do apart from fishing 
(2.7). The functional dimension of place attachment, namely place 
dependence, revealed unique characteristics of the Bodden (“no other 
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waterbody can compare to the Bodden” at a mean of 4.2), while the 
affective dimension also revealed a strong emotional connection 
(Table 4). Cronbach’s alpha for all constructs based on centrality to 
lifestyle, catch orientation, and place attachment was > 0.7 throughout 
(Table 4), indicating sufficiently high reliability for index building. The 
average number of fishing days per year for the given choice was 12.6, 
while the maximum number of pike to be retained per year was 3.7 on 
average. 

4.2. Pike angler preferences 

A total of 9716 choices observed from 1329 individuals were kept in 
the choice analyses. We estimated a conditional logit (CL) model and a 
latent class (LC) model (Table 6). For the LC model, we estimated up to 
six classes and found that four classes provided the best fit according to 
the AIC (Table 5), which supported our hypothesis H1 that there are 
several distinct types of anglers. We generally found consistent results 
independent of estimation strategy. 

Results from the CL model suggested the following average prefer-
ences for Bodden pike fishing experiences (Table 6): (1) positive mar-
ginal utility for up to three pike per day and no utility for pike catches 
beyond 3 per day, (2) preference for pike catch ambiguity over risk at 50 
% and 75 % levels, (3) catch of large trophy pike every five days 
preferred over ambiguity, but ambiguity preferred over a 1/50 chance of 
catching a large pike, (4) daily bag limit of one and two pike preferred 
over three pike per day, while a daily bag limit of six pike was dis-
preferred, (5) all harvest slot versions preferred over the current 
minimum-length limit regulation, (6) additional benefits from the catch 
of up to three predators other than pike, and finally (7) the coefficient on 
cost was negative and significant as expected (i.e. ceteris paribus, 
cheaper trips are preferred to more expensive trips). 

The latent class model showed a differentiated picture in terms of 
angler taste heterogeneity: Class 1, which averaged to a probability of 12 
% across the sample showed the strongest negative preferences towards 
high (50 % or 75 %) risk of catching no pike, even though the parameters 
for expected catch were insignificant. Class 1 anglers revealed the 
strongest preferences for frequent catches of trophy pike, along with 
preferences for stricter daily bag limits than is currently the case and a 
harvest slot of 50–85 cm. The low cost sensitivity of this angler class 
along with strong preferences towards several attributes of the fishing 

experience translated into high WTP values (Table 7). For example, 
Class 1 anglers would pay 164.1 € for the chance of catching a trophy 
pike every five days, 154.6 € and € 129.4 respectively for daily bag limits 
of 1 and 2 pike per day, and € 166.6 for a harvest slot of 50–85 cm. These 
anglers would also require high compensation for high non-pike-catch 
likelihoods (€ 147.7 and € 351.7 respectively for 50 % or 75 %), and a 
compensation of 213.1 € for a daily bag limit of six pike. Given that 
anglers are more likely to be in other classes than Class 1 if they are 
tourists (Table 6), we brand name Class 1 as local trophy angler. 

Anglers of Class 2 (18 % average class probability) preferred an ex-
pected catch of up to three pike. However, they dispreferred having too 
many days where they would know to catch pike (25 % non-catch 
probability) as well as too few days with successful catch of pike (75 
% non-catch probability) over ambiguity. Catching trophies more 
frequently was generally preferred, along with a harvest slot of 
50–85 cm. Besides pike, these anglers also received high utility from 
catching up to three other predators. Class 2 was the most cost sensitive 
class. Compared to Class 1, anglers were more likely to be in Class 2 if 
angling was more central to their lifestyle and strongly identified with 
the Bodden. Higher orientation towards non-catch aspects of fishing 
along with a lower orientation towards catching many fish, releasing 
fish and specialization towards pike, as well as being from a state outside 
Mecklenburg-Vorpommern (i.e. a tourist), made it more likely to be in 
this class. Compared to Class 1, Class 2 anglers were more cost sensitive 
and therefore WTP values were substantially lower in magnitude, e.g. € 
13.1 for an additional pike, 19.3 € for frequent catches of trophy pike, 
26.8 € for a harvest slot of 50–85 cm, while requiring compensation for 
low catch probabilities of € 38.4 (Table 7). We name this class as 
consumptive generalist tourist. 

Anglers of class 3 (28 % on average) had the least pronounced 
preferences for attributes chosen. That is, only preferences towards a 
high non-catch probability for pike (75 %) were significant and nega-
tive, along with positive preferences for all types of harvest slot and 
catching predators other than pike. Class 3 also gained additional utility 
from predators after the third fish had been caught. Compared to Class 1, 
respondents were more likely to be in Class 3 if angling played a smaller 
role in their lifestyle, they had a high functional place dependence and 
non-catch orientation, and a lower orientation towards trophies, 
catching many fish, releasing fish, and a lower specialization towards 
pike. The WTP values of Class 3 were in the same range as Class 2, with 
the difference of the marginal WTP for the catch of other predators (9.6 € 
for up to 3 fish, then 1.9 € above that). Given that the class membership 
parameter for “tourist” was not significantly different from zero, we 
labelled this class local generalist angler. 

The anglers in our sample were, on average, most likely in Class 4 (42 
%). This group revealed strong preferences towards most attributes of a 
Bodden pike fishing day, including expected catch of up to three pike, 
negative preferences towards 50 % and 75 % non-catch probability over 
ambiguity in pike catch, and positive preferences for frequently catching 
trophy pike. Respondents of Class 4 preferred all reductions of the cur-
rent daily bag limit over an extension of the bag limit, as well as any 
harvest slot over the current minimum-length limit regulation. Finally, 
Class 4 anglers preferred catching predators other than pike, but only 
after the third fish was caught. Similar to Class 1, Class 4 anglers also had 
a relatively low cost-sensitivity, which was reflected in high WTP- 
values. For Class 4 anglers, angling was an important part of their life-
style and these anglers expressed pronounced attitudes towards non- 
catch aspects of fishing. However, anglers of higher trophy orientation 
were less likely to be in Class 4 compared to Class 1. Finally, anglers 
were more likely in Class 4 if they were tourists. WTP values were 
highest in this class, with significance corresponding to the significance 
of the attribute parameters. The marginal WTP for a pike (up to three) 
was 134.5 €, and frequent catches (every 5 days) of trophy pike were 
valued at 199.4 €. The marginal WTP for a 50–85 cm harvest slot was 
414.8 € and for a bag limit of one 120.3 € or two 176.4 €. We label this 
class as involved pike tourist. 

Table 4 
Descriptive statistics of variables used in choice and fixed effects models.  

Scale Variable Mean Median SD Min Max 

– Tourist (yes = 1, 
no = 0) 

0.8 1.0 0.4 0.0 1.0 

Catch 
orientation 

Catch many fish 3.3 4.0 1.1 1.0 5.0  

Non catch 
orientation 

3.4 3.5 1.1 1.0 5.0  

Release 4.4 5.0 1.0 1.0 5.0  
Trophy 3.6 3.7 0.9 1.0 5.0 

Centrality to 
lifestyle 

Centrality Index 3.5 3.6 0.8 1.0 5.0 

Pike 
specialization 

Pike as key 
target 

2.8 3.0 0.9 1.0 5.0 

Place 
attachment 

Place 
dependence 

3.4 3.5 0.9 1.0 5.0  

Place identity 3.9 4.0 0.9 1.0 5.0 
Preferred # of pike/yr retained 3.7 2.0 9.3 0.0 365.0 
Preferred # of pike fishing days/yr 12.6 7.0 22.4 0.0 365.0  

Table 5 
Akaike Information Criterion (AIC) of choice models with one to six classes.  

Number of classes 1 2 3 4 5 6 

AIC 18,253 16,148 15,623 15,472 15,548 15,558 
LogLikelihood -9109 -8028 -7737 -7634 -7644 -7621  
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Table 6 
Results from choice models relating trip characteristics to recreational angling experience choice, and fixed effects models relating number of Bodden pike fishing days 
and fish removals to trip characteristics. Number of individuals in all analyses was 1329.  

Attribute/Scale Parameter Conditional 
logit 

Latent class Fixed effects   

Estimate Class 1: local 
trophy angler 

Class 2: 
consumptive 

generalist tourist 

Class 3: local 
generalist 

angler 

Class 4: 
involved pike 

tourist 

Number of 
days 

Number of 
fish  

ASC -0.987*** 1.452*** -0.512 -3.818*** -2.323***     
(0.100) (0.420) (0.367) (0.434) (0.226)   

Expected catch of pike 0–3 pike 0.071*** 0.057 0.252*** -0.007 0.186*** 0.163 0.202**   
(0.026) (0.100) (0.091) (0.097) (0.046) (0.169) (0.089)  

> 3 pike 0.004 -0.002 -0.012 -0.016 0.010 0.046 0.025   
(0.004) (0.017) (0.017) (0.016) (0.008) (0.030) (0.016) 

Pike non-catch probability 
(base: ambiguous) 

25 % 0.053 0.258 -0.341* 0.167 0.085 -0.182 -0.024   

(0.041) (0.161) (0.178) (0.155) (0.065) (0.317) (0.167)  
50 % -0.102** -0.439** -0.221 -0.025 -0.167*** 0.051 0.076   

(0.040) (0.179) (0.181) (0.135) (0.062) (0.323) (0.170)  
75 % -0.426*** -1.046*** -0.737*** -0.340** -0.484*** -0.648* 0.025   

(0.041) (0.229) (0.170) (0.139) (0.065) (0.344) (0.180) 
Expected catch of a large 

(>1 m) pike every... 
(base: ambiguous) 

... 5 days 0.164*** 0.488*** 0.370** 0.008 0.275*** 0.470 0.150   

(0.043) (0.178) (0.188) (0.156) (0.069) (0.329) (0.173)  
... 20 days 0.018 0.044 -0.002 -0.005 0.065 0.104 0.043   

(0.041) (0.199) (0.190) (0.152) (0.063) (0.323) (0.170)  
... 50 days -0.168*** -0.215 -0.233 0.127 -0.195*** 0.064 -0.005   

(0.042) (0.192) (0.181) (0.159) (0.066) (0.335) (0.176) 
Daily bag limit for pike 

(base: 3) 
1 pike 0.127** 0.460** -0.019 0.163 0.166* 0.390 -0.416**   

(0.050) (0.200) (0.195) (0.182) (0.086) (0.346) (0.182)  
2 pike 0.193*** 0.385* 0.067 0.075 0.243*** 1.003*** -0.023   

(0.050) (0.204) (0.188) (0.168) (0.084) (0.347) (0.182)  
6 pike -0.328*** -0.634*** -0.193 -0.176 -0.513*** 1.063*** 0.135   

(0.045) (0.211) (0.163) (0.162) (0.077) (0.337) (0.177) 
Harvest slot for pike (base: 

minimum size limit of 
50 cm) 

50–70 cm 0.280*** 0.270 0.187 0.358** 0.315*** 1.064*** 0.290   

(0.043) (0.190) (0.174) (0.147) (0.069) (0.350) (0.184)  
50–85 cm 0.411*** 0.496*** 0.514*** 0.353** 0.572*** 0.812** 0.200   

(0.042) (0.183) (0.177) (0.152) (0.067) (0.339) (0.178)  
50–100 cm 0.275*** 0.162 0.269 0.328** 0.327*** 0.787** 0.233   

(0.042) (0.200) (0.167) (0.137) (0.064) (0.343) (0.180) 
Expected catch of 

predators other than 
pike 

0–3 0.074*** 0.080 0.245*** 0.136** 0.008 0.064 0.095   

(0.017) (0.069) (0.064) (0.057) (0.029) (0.113) (0.059)  
> 3 0.006 0.014 -0.016 0.027* 0.020*** 0.044 0.024   

(0.004) (0.016) (0.018) (0.014) (0.007) (0.030) (0.016)  
Cost in 100 € -0.491*** -0.297*** -1.920*** -1.409*** -0.138*** -1.602*** -0.284***   

(0.014) (0.071) (0.192) (0.094) (0.025) (0.121) (0.063) 
Class membership model          

Constant   0.416*** 1.199*** 0.203*       
(0.138) (0.110) (0.111)   

Centrality to lifestyle High centrality to 
lifestyle   

0.199** -0.229*** 0.538***       

(0.098) (0.089) (0.078)   
Place attachment High place 

dependence   
0.101 0.205* 0.051       

(0.132) (0.117) (0.099)    
High place identity   0.348*** -0.180 0.131       

(0.135) (0.128) (0.104)   
Catch orientation No-catch orientation 

high   
1.074*** 0.927*** 0.789***       

(0.123) (0.107) (0.096)    
Trophy orientation 
high   

-0.371*** -0.553*** -0.229***       

(0.117) (0.107) (0.088)    
Orientation towards 
catching many fish 
high   

-0.213 -0.917*** -0.047       

(0.171) (0.194) (0.117)    
Orientation towards 
releasing fish high   

-0.913*** -0.797*** -0.112       

(0.134) (0.109) (0.103)      
-0.500*** -0.679*** -0.152   

(continued on next page) 
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To see how changing a policy from the current status would affect the 
probability of going pike fishing, we computed various scenarios 
(Table 8). In particular, we tested the following changes: (1) reducing 
the daily bag limit for pike to 1, (2) introducing a harvest slot of 
50–85 cm, (3) increasing the expected catch of pike to 5 per day, (4) 
increasing the frequency of trophy pike to every 5 days (compared to 
ambiguous) as well as combinations thereof. The cost was fixed at 10 € in 
all cases, and the catch of additional predators at one. We found that 
particularly the local trophy anglers would choose to go fishing in any 
case, although probability increased from 83 % to 95.6 % with all reg-
ulations in place. A similar pattern we found for the generalist tourists 
(46.3–72.1 %) and the involved pike tourist (12.2–32.1 %), although at 
a lower level. The local generalist angler would have a very low prob-
ability to go pike fishing in any case. 

4.3. Effect of policies on pike fishing days and pike removal 

Changes to catch outcomes and harvest regulations can affect the 
number of angling days and the number of pike harvested. Results from 
two fixed effects models are reported in the two right-most columns of 
Table 6. Note that it would be incorrect to assign a single class to each 
respondent, as each respondent’s class membership can only be esti-
mated up to a certain probability. We therefore estimated each model 
only for the entire dataset, where person-specific variability is captured 
by the fixed effect. 

We found that only few attribute levels would affect the number of 
pike fishing days directed at pike. Of those attributes that did, the 
number of days fishing was negatively affected by a 75 % non-catch 
probability (− 0.65 days/year), suggesting that if the prospect of 
catching nothing becomes more likely and known to anglers, anglers 
would generally reduce the number of days they fish in the Bodden. By 

Table 6 (continued ) 

Attribute/Scale Parameter Conditional 
logit 

Latent class Fixed effects   

Estimate Class 1: local 
trophy angler 

Class 2: 
consumptive 

generalist tourist 

Class 3: local 
generalist 

angler 

Class 4: 
involved pike 

tourist 

Number of 
days 

Number of 
fish 

High specialization 
towards pike     

(0.139) (0.133) (0.100)    
Tourist   0.217* 0.118 0.869***       

(0.111) (0.097) (0.090)    
LogLikelihood -9109 -7634       
AIC 18,253 15,472       
BIC 18,383 16,204       
# of observed choices 9716 9716    7924 7922  
R-Squared      0.03 0.01 

Mean probability of class membership 0.12 0.18 0.28 0.42    

Table 7 
Willingness-to-pay estimates for recreational fishing trip characteristics according to a MNL and a latent class model.  

Attribute Level MNL Class 1 Class 2 Class 3 Class 4 

Expected catch of pike 0–3 pike 14.4*** 19.2 13.1*** -0.5 134.5***   
(5.3) (33.6) (4.9) (6.9) (41.0)  

more than 3 pike 0.9 -0.8 -0.6 -1.1 7.6   
(0.9) (5.7) (0.9) (1.1) (5.6) 

Pike non-catch probability (base: ambiguous) 25 % 10.8 86.6 -17.8** 11.8 61.4   
(8.4) (59.7) (9.0) (10.9) (48.5)  

50 % -20.8** -147.7** -11.5 -1.7 -120.9**   
(8.2) (68.9) (9.1) (9.6) (50.7)  

75 % -86.8*** -351.7*** -38.4*** -24.1** -351.0***   
(8.4) (117.3) (8.7) (10.0) (75.7) 

Expected catch of a large (>1 m) pike every... (base: ambiguous) ... 20 days 3.6 14.9 -0.1 -0.4 47.4   
(8.3) (67.3) (9.9) (10.8) (46.5)  

... 5 days 33.5*** 164.1** 19.3** 0.6 199.4***   
(8.7) (73.6) (9.5) (11.0) (61.2)  

... 50 days -34.2*** -72.4 -12.1 9.0 -141.2***   
(8.6) (64.8) (9.8) (11.2) (52.8) 

Daily bag limit for pike (base: 3) 1 pike 25.8** 154.6* -1.0 11.6 120.3*   
(10.2) (82.6) (10.1) (12.8) (67.9)  

2 pike 39.3*** 129.4* 3.5 5.4 176.4***   
(10.2) (76.0) (9.8) (11.9) (67.9)  

6 pike -66.9*** -213.1** -10.1 -12.5 -371.6***   
(9.2) (87.4) (8.4) (11.6) (88.0) 

Harvest slot for pike (base: minimum size limit of 50 cm) 50–70 cm 57.0*** 90.7 9.8 25.4** 228.6***   
(9.0) (69.8) (9.3) (10.4) (66.7)  

50–85 cm 83.7*** 166.6** 26.8*** 25.0** 414.8***   
(8.8) (74.5) (9.3) (10.9) (90.5)  

50–100 cm 56.0*** 54.3 14.0 23.3** 236.7***   
(8.9) (69.6) (8.7) (9.7) (64.5) 

Expected catch of predators other than pike 0–3 15.1*** 26.8 12.8*** 9.6** 6.0   
(3.4) (24.1) (3.3) (4.1) (20.6)  

more than 3 1.3 4.8 -0.8 1.9* 14.2**   
(0.9) (5.6) (0.9) (1.0) (5.7) 

Note: ’*’ p < 0.1, ’**’ p < 0.05,’*** ’ p < 0.01. 
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contrast, changes of the daily bag limit to two as well as six pike per day 
were associated with an increase of around one angling day per year. 
Similarly, implementation of harvest slots was associated with increases 
in the number of angling days, where the strongest increase (1.1 days/ 
year) would be associated with the narrowest harvest slot (50–70 cm). 
Finally, as expected, increasing the cost of fishing would reduce the 
number of fishing days (e.g. 100 € increase would be associated with a 
decrease of 1.6 fishing days). All other parameters were not significantly 
different from zero and therefore may not affect pike angling effort. 

Compared to the number of pike fishing days, the number of pike 
harvested in a year was affected by even fewer attributes. In particular, 
the number of pike harvested would generally increase with increased 
expected catches (0.2 pike per angler and year for the first three pike 
caught, but zero above that), while a daily bag limit of one pike would be 
associated with a reduction of annual removed pike of 0.4 pike per 
angler and year, along with a reduction of pike removed of 0.28 per 
angler and year for a 100 € cost increase. 

Overall, we found strong preferences at the extensive margin (i.e. the 
LC choice model, Table 6), but only found small relationships at the 
intensive margin (i.e. the fixed-effects models, Table 6). This suggests, 
that the attributes mainly affect the extensive margin, i.e., the general 
participation decision whether to generally go fishing at the Bodden or 
not. Once the fishing is established, the number of days (or the number 
of retained fish) was found to be relatively insensitive to any policy or 
catch outcome changes. 

5. Discussion 

In line with a large body of literature (reviews: Birdsong et al., 2021; 
Hunt et al., 2019), we found that pike anglers targeting lagoon pike were 
heterogeneous (supporting H1) and preferred certain catch qualities 
(catch rate and size of pike, as well as the catch of other predators). The 
high importance of the lagoon stock as a trophy fishery agrees with past 
research in the area (Koemle et al., 2021). Because stock size scales 
positively with both the catch rate and the average size of the fish in the 
catch, it is a key component of (recreational) fisheries management. The 
catch rate generally is highest when the stock is at carrying capacity, 
while the average size is highest at a low level of exploitation in species 
with density-dependent growth, such as pike (Ahrens et al., 2020). 
Managers can use a range of input (e.g. access constraints) and output 
regulations (e.g., size limit or bag limits) to produce catch experiences in 
line with angler expectations (Ahrens et al., 2020; Cox et al., 2003; FAO, 
2012). 

Catch by anglers has two components, (1) the actual (expected) catch 

rate, and (2) the information regarding how often the catch outcome can 
be realized. According to our results, especially tourist anglers can be 
attracted by higher catch rates of up to three pike per day, with limited 
utility for a catch rate beyond that threshold. The latter finding indicates 
that catch rates produce diminishing marginal returns, both in terms of 
pike but also other fishes, which is in agreement with other work from 
Germany (Arlinghaus et al., 2020, 2014; Beardmore et al., 2015) as well 
as other fisheries (Carter and Liese, 2012; Hindsley et al., 2011; Law-
rence, 2005; Lee et al., 2017; Shaw and Ozog, 1999), an exception being 
Laitila and Paulrud (2006). However, we surprisingly also found that 
having no information on the catch probability seems better than 
knowing that the catch probability will be 50 % or less, rejecting H2 
(Table 9). This result stands somewhat in contrast to expectations from 
Ellsberg (1961) and recommendations of Schramm et al. (1998), the 
latter stating that providing anglers with information on what to catch 
might improve satisfaction. Our work suggests that knowledge that 
catch prospects of a certain quality have a low probability can and likely 
will reduce participation and therefore angling effort. 

The result of anglers preferring ambiguity can have two explana-
tions. The first is that ambiguity is actually part of the recreational 
experience: rather than knowing exactly what my odds of catching 
something are, an angler might receive utility from being surprised, as 
the chance element is a component of the challenge and adventure of 
angling (Birdsong et al., 2021). Another more “down to earth” expla-
nation may be that respondents carried an unfamiliarity with the 
concept of probability and ambiguity. It is, for example, possible that 
anglers view the chance of catching a certain number of fish generally as 
ambiguous - that is, they cannot even assign a subjective probability to 
it. Therefore, if an angler is more familiar with the ambiguous situation, 
he or she may view a 50 % chance of not catching a fish as a very low 
catch probability, deviating strongly from internal benchmarks to judge 
success. These internal benchmarks are known to affect how anglers 
assess the outcomes of fishing trips, as shown from satisfaction research 
(Birdsong et al., 2021). Previous research has suggested that in the face 
of ambiguity, consumers tend to apply decision heuristics rather than 
computing and comparing subjective expected utilities before making a 
choice (Yoo and Sarin, 2018). Future research could more explicitly 
model the risk and ambiguity related parts of the utility function using 
arguments from the related decision theory (Glenk and Colombo, 2013; 
Maccheroni et al., 2006). 

Three angler types preferred a high frequency of catching trophy 
pike (if possible every 5th trip), and the two tourist angler types 
preferred catching up to three pike per day. By contrast, the more 
generalist anglers type, one tourist and one resident revealed prefer-
ences for the catch of other predators than pike (e.g. pikeperch or perch). 
This is in contrast with our H3, which we thus reject (Table 9), as we 
show that consumptive anglers exist with both local and tourist anglers, 
with a combined average probability of 36 %. In addition, we also found 
no unambiguous relationship between the centrality-to-lifestyle and the 
preference for catching trophies, as those with a higher centrality were 
more likely to be in the tourist classes compared to the local trophy 

Table 8 
Predicted choice probabilities over not going pike fishing given different policy 
options. The status quo involved the current regulations (daily bag limit of 3 
pike, minimum-size limit 50 cm, expected catch of 2 pike and 1 other predator, 
all probabilities set to ambiguous). The cost was assumed at 10 € in all cases.  

Policy Local 
trophy 
angler 

Consumptive 
generalist tourist 

Local 
generalist 

angler 

Involved 
pike tourist 

Status quo 83.4 51.1 2.1 12.4 
Daily bag limit of 

1 pike 
89.2 63.6 3.0 20.0 

Harvest slot 
50–85 cm 

88.9 50.7 2.5 14.3 

Daily bag limit of 
1 pike and 
harvest slot 
50–85 cm 

93.1 71.7 3.0 24.8 

Increase catch of 
pike to 5 per 
day 

84.1 56.8 2.0 14.8 

Trophy pike 
every 5 days 

89.1 60.2 2.1 15.7 

All combined 95.7 75.8 3.4 32.4  

Table 9 
Accepted and rejected hypotheses.  

Hypothesis Finding Conclusion 

H1 4 distinct angler types were found Failed to 
reject 

H2 Anglers of class 1 and 4 preferred ambiguity over 50 
% non-catch probability and were indifferent 
regarding 25 % non-catch probability 

Rejected 

H3 Both residents and tourists enjoyed frequent catches 
of trophy pike 

Rejected 

H4 Higher centrality to lifestyle was not associated with 
an interest in frequent catches of trophy pike 

Rejected 

H5 Only the involved tourists were in favor of stricter 
bag limits and all harvest slots 

Rejected  
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angler class, but had a lower preference for frequent catches of trophy 
pike, thus rejecting H4. Similarly, the preference towards stricter daily 
bag limits was more related to the involvement status of the angler (in 
line with the specialization framework, Bryan, 1977; Oh and Ditton, 
2006) than the tourism vs. resident status, thus rejecting H5. Smaller 
daily bag limits were preferred by the more involved angler types, while 
the more generalist angler types showed no preferences for daily bag 
limit changes, either to maintain harvesting options or because of a 
stronger focus on other species than pike. 

More restrictive harvest policies are typically preferred by less 
consumptive anglers (Beard et al., 2003; Lee et al., 2017; Mackay et al., 
2020), which are often the more involved anglers (Arlinghaus, 2007; 
Bryan, 1977; Oh and Ditton, 2006) as in our study. For highly 
consumptive species, for example eel Anguilla anguilla in Germany 
(Dorow et al., 2010), such results do not hold, but pike is generally less 
culinarily preferred in German culture compared to species such as 
pikeperch, perch, herring, or Atlandic cod Gadus morhua. Indeed, 
catch-and-release rates by angles in the lagoon have risen from 30 % to 
over 60 % in less than ten years (Arlinghaus et al., 2021), showing that 
the consumptive aspects of pike fishing are in decline. Together with the 
general local knowledge and perception among anglers that the stock of 
pike is decreasing (van Gemert et al., 2022), a generally declining and 
relative to other species lower consumptive orientation towards pike as 
a harvestable species might explain the preferences (or indifference in 
relation to daily bag limits) shown by all angler types to stricter harvest 
regulations for pike. Therefore, as we found that the less specialized 
anglers were indifferent to daily bag limit reductions, perhaps imple-
mentating such policies would not create much resistance for pike. 
Implementating both harvest regulations (i.e. daily bag limits and har-
vest slots) could increase the effort in terms of angling days, while they 
might not increase annual removals. While this might not affect pike 
stocks as long as hooking mortality is low (Johnston et al., 2015), it 
could increase the conflict over space with other users such as com-
mercial fishers, which is already prominent in the area (Arlinghaus 
et al., 2022; Vogt, 2020). 

A word of caution must be expressed with regard to the sampling 
strategy and the shares of individual angler types in our work: As in 
many surveys that also include convenience samples, those individuals 
with a higher WTP may be over-represented in our sample, as they are 
more likely to participate in angling-related surveys, while less-involved 
anglers may be underrepresented. However, this result will likely mainly 
bias the within-sample distribution of angler types, but not the overall 
results of this study. 

6. Implications for management 

As our work and the related literature (Hunt et al., 2021) showed, 
recreational fishing is an activity pursued by a diverse set of individuals. 
Although our choice task revealed preference heterogeneity when 
trading off catch attributes and harvest regulations, we also revealed a 
number of policies with large agreement in preferences among the four 
angler types. For example, implementating of harvest slots of 50–85 cm 
will create support of all angler types, relative to the current 
minimum-size limit of 50 cm. Thus, authorities may face little resistance 
from anglers over the implementation of harvest slots. Similarly, while 
the reduction of the daily bag limit from currently three pike per day to 
two or one pike per day was only preferred by the more involved local 
and tourist anglers, the other, less specialized anglers would be indif-
ferent compared to the current situation of three pike per day. According 
to our intensive margin estimation, implementing such regulations may 
also boost additional angling effort. Results from a simulation study 
(Ahrens et al., 2020) suggest that the implementation of a harvest slot in 
pike may also have positive effects for the pike stock, all else being equal 
and assuming no recruitment bottleneck induced by commercial fish-
eries or excessive predation mortality by natural predators as recently 
documented in Swedish coastal pike (Bergström et al., 2022). 

Our findings suggest that managers may want to think along 
involvement and pursued goals when designing policies rather than the 
dichotomy of resident vs. tourist. Providing attractive angling experi-
ences for both more and less involved anglers and tailoring a set of 
regulations to try to match the expectations of both involved and 
species-centred as well as the more generalist angler types seems 
important to avoid creating a large pool of “perceived” losers of new 
policies. For example, any bag limit reductions implemented to pike to 
suit the expectations of the more involved pike angler types, will un-
likely create discomfort with the more generalist anglers as long as the 
harvesting opportunities for other freshwater predators remain 
unchanged. 

Previous research has suggested that angling tourists not only make 
up the majority of anglers in the lagoon fishery, but their expenditures 
also account for a larger part of regional GDP compared to local anglers, 
spending more money on transportation, accommodation, and meals 
(Strehlow, pers. communication). Thus, if decision makers seek to boost 
angling tourism, paying attention to maintaining large-sized pike in the 
stock might be recommended. This could be achieved by tight controls 
on total fishing mortality and controlling predation pressure by other 
natural predators (Bergström et al., 2022). If expected catch outcomes 
decline, communication of poor catch probabilities should be avoided to 
keep anglers in a more ambiguous state. However, if angling effort is 
perceived too high (fostering stock depletion or conflict), openly 
communicating poor catch probabilities could help to deter anglers from 
the area. A management focus on trophy pike might not agree with the 
expectations by commercial fishers who can receive more profit from 
elevated harvest and who might expect interference with an increasing 
number of angling tourists (Arlinghaus et al., 2022). Ultimately, policy 
makers have to make choices as to which objectives to pursue. Our work 
provides the raw material in terms of what anglers expect and how they 
could react to future changes. 
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