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Understanding how fishing effort responds to management interventions is important for conserving
threatened fisheries resources such as the European eel (Anguilla anguilla). In this paper, we use a discrete
choice survey to predict the allocation of recreational angling days directed at eel versus potential substi-
tute fishing opportunities in northern Germany as a function of eel angling regulations, catch attributes
and hypothetical eel fishing costs. We found the allocation model to accurately predict current eel effort
allocation patterns. Using the validated statistical model as a forecasting tool, we found eel angling effort
to be largely resilient to changes in individual eel angling regulations, including daily bag limits, daily rod
limits and fishery closures for up to two weeks each month. An inelastic effort response to the most com-
monly discussed policy interventions suggests that managers cannot expect to substantially reduce eel
fishing effort, and thus mortality exerted by anglers on eel, using moderate management interventions.
However, when severe regulations, including a two week closure per month, with remaining days limited
to a harvest of 1 eel, 60 cm or larger, per angler using a single rod, would be implemented, angling effort
devoted to eel can be expected to be reduced by about 42% relative to current conditions at unaltered
expected catches. This would reduce landings of eel by anglers by 73%. This reduction in landings has
unknown effects on the future recruitment of eel while at the same time substantially reducing angler
welfare. Angler welfare can be largely maintained by increases in minimum-size limits and reductions
in daily bag limits, while at the same time reducing eel landings by anglers substantially. Such actions
are therefore preferred from an angler welfare perspective.
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1. Introduction

Recreational fisheries constitute the dominant use of wild fish
stocks in all freshwater and many coastal zones in all industrial-
ized nations (Arlinghaus et al., 2002; Arlinghaus and Cooke, 2009).
When fisheries resources become scarce, recreational angling
effort, and the mortality it induces on fish populations, may need
to be regulated (Post et al., 2002; Lewin et al., 2006). Any form
of effective planning of recreational fishing regulations, however,
necessitates understanding of anglers’ behavioural responses to
new regulations because almost inevitably changes in regulations
change the attractiveness of a given fishing opportunity to anglers
(e.g., Radomski and Goeman, 1996; Johnston et al., 2010; Metcalf
et al., 2010). Anglers may respond to a suite of changes in the fish-
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ing experience (e.g., type of regulation in place, catch rates, size of
fish, crowding) by (i) changing angling frequency, (ii) substituting
alternative sites, or (iii) substituting other species to target (e.g.,
Post et al., 2002; Beard et al., 2003; Ditton and Sutton, 2004). When
angler behaviour does not align with regulatory objectives, man-
agement policies may fail (Pierce and Tomcko, 1998; Cox et al.,
2002; Sullivan, 2003). Therefore, it is important to understand
angler behaviour when designing management regulations for a
particular fishery or fish species. However, little human dimen-
sions research is available on this topic so far (Radomski et al., 2001;
Johnston et al., 2010).

Choosing the right fishing regulation to meet stated manage-
ment objectives is a hotly disputed topic in recreational fisheries,
with contrasting opinions occurring because regulations differ in
their biological and social effects (e.g., Radomski et al., 2001;
Paukert et al., 2001; Arlinghaus, 2007). For example, daily bag
limits may fail to meet management objectives to reduce fish-
ing mortality, because they do not necessarily curtail total angling
effort on a given fishery (Radomski et al., 2001). One line of argu-
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ment advocates more active management of angling effort rather
than reliance on traditional output-oriented harvest regulations
(e.g., daily bag limits or size-based harvest limits), and stock-
enhancement tools (i.e., stocking practices) (Cox and Walters, 2002;
Pereira and Hansen, 2003). Managers tasked with the responsi-
bility of limiting recreational fishery harvests are then faced with
the issue of predicting the biological effects of regulatory changes.
One important component of this context is answering a critical
social scientific question: how do changes in angling regulations
and catch quality impact angling frequency for a certain fish species
in the future? This question may be rephrased in economic terms
(Case and Fair, 1999): how elastic is the angling demand (i.e.,
angling effort) to changes in the fishing environment?

Previous studies examining angling effort responses to altered
fishery conditions have reported conflicting findings, with angling
effort either decreasing strongly (Beard et al., 2003) or remain-
ing largely unaltered despite changes in the fishing environment
(Prayaga et al., 2010). Inelastic angling effort responses to changes
in regulations or other attributes of the fishing experience are most
likely to occur when few substitute species or locations are avail-
able, as in fisheries-sparse landscapes, or for species that have
largely unique qualities. One such species is the European eel
(Anguilla anguilla), which is highly valued by recreational anglers
for its consumptive qualities in central and western Europe where
no other fish species share similar culinary characteristics (Dorow
et al., 2009, 2010). Eel anglers in these regions may therefore be
either largely unresponsive to changing eel harvest regulations due
to a lack of available substitutes or they may react strongly to addi-
tional constraints on harvesting possibilities.

As with eel populations worldwide, the European eel population
has declined dramatically. Current recruitment levels have fallen
to less than 10% of the average value recorded between 1970 and
1994 (ICES, 2008), and the stakes are particularly high, given that
the species comprises a single panmictic population (Dannewitz
et al.,, 2005) and the fishery is of great socio-economic impor-
tance throughout Europe (Dorow et al., 2009, 2010). Understanding
angler effort responses to altered regulations for eel is thus partic-
ularly important for this species (Feunteun, 2002; Dekker, 2008).
A range of potential causes for the eel decline affecting both the
oceanic and continental stages of this catadromous species have
beenidentified (Feunteun, 2002; Dekker, 2009), Sources of eel mor-
tality in the marine environment include the effect of changing
nutrient conditions in the spawning grounds and climate change-
induced shifts in the Gulf stream on the survival and transport of
the eel larvae to the European continental shelf (Knights, 2003;
Friedland et al., 2007). During the continental stage, exploitation
of the different life stages by commercial and recreational fishing,
pollution, predation by piscivorous birds, habitat loss, parasites,
and hydropower use have all been identified as contributors to the
decline in the European eel population (Feunteun, 2002; Starkie,
2003; ICES, 2008; Dekker, 2009). Unfortunately, these factors act
simultaneously, and their relative contribution to the eel decline
is as yet unquantified (Starkie, 2003; Dekker, 2009). In many river
catchments, basic information on eel escapement during annual
spawning migrations is also inadequate (Bilotta et al.,2011). Uncer-
tainty about the causes of the eel decline thus poses a significant
challenge for identifying effective interventions to conserve this
species.

Despite the limited availability of information concerning the
cause of the eel decline, urgent political and management actions
have been initiated to conserve the panmictic eel population
throughout Europe. The European eel has been red listed as crit-
ically endangered by the International Union for Conservation of
Nature (Freyhof and Kottelat, 2008). In 2007, the species was also
listed by the Convention on International Trade in Endangered
Species of Wild Fauna and Flora to control its international trade,

and the European Union (EU) adopted a regulation (EC, 2007),
requiring European member states to develop eel management
plans at a river basin scale by the end of 2008. States whose man-
agement plans are not approved by the EU would face immediate
reductions in total eel fishing effort by at least 50% or implemen-
tation of other measures to reduce eel harvests by half (EC, 2007).
While the effectiveness of such measures from a biological perspec-
tive is as uncertain as our understanding of the causes of decline,
a 50% reduction in fishing mortality would have significant socio-
economic welfare impacts on recreational as well as commercial
eel fisheries in central and western Europe (Dekker, 2008; Dorow
et al,, 2010). Thus, in countries where eel is highly valued for its
meat (e.g., Germany), banning recreational eel take altogether (as
for example implemented in Norway and Sweden since 2009; ICES,
2010)is nota priority for managers. Instead, policy alternatives that
implement less drastic fishing regulations that allow for continued
access to the resource while meeting the management goals set by
the European Union are emphasized (Dorow et al., 2009, 2010).

Traditional recreational fishing regulations, such as daily bag
limits, size-based harvest limits or gear restriction, or even partial
temporal closures to eel fishing (EC, 2007), can only be “effective” to
the extent they affect fishing-induced mortality (Cox and Walters,
2002; Cox et al., 2002). Fishing-induced mortality may be reduced
by directly restricting harvest rates of captured fish (e.g., by increas-
ing a minimum-size limit) and/or by reducing fishing effort, either
indirectly as a correlated response to altered harvest regulations or
directly. Indirect effort limitations retain angler sovereignty over
individual participation levels, relying instead on (dis)incentives
(e.g., higher licence fees, gear restrictions). Direct regulation of
effort includes such regulations as permit lotteries, or spatial or
temporal closures. Certain regulatory policies combine these mech-
anisms to compound their intended conservation benefits. For
example, daily bag limits, in addition to their direct influence on
harvest rates, have been found to also reduce effort from consump-
tively oriented angler populations (Beard et al., 2003; Cox et al.,
2002). It is currently unclear how such traditional harvest regula-
tions would affect eel angling effort and harvests. Consequently,
the ability of eel management plans using such strategies to meet
E.U. targets for recreational eel fisheries also remains obscure. This
void provides the impetus for our study to understand likely angling
effort responses to altered policies. However, our study stops short
of modelling of the impact of regulatory changes on the eel stock
given the lack of evidence relating stock size in a given catchment
to recruitment along the European coast.

2. Materials and methods
2.1. Study area and data collection

To predict anglers’ allocation of effort towards European eel,
a mail survey was sent to a random sample of eel anglers resid-
ing in the German state of Mecklenburg-Vorpommern (M-V). This
region is particularly suitable for our study given the importance
of eel to both the commercial and recreational fishing sectors.
This species comprises the largest inland commercial fishery in
the state, harvesting ~136 tyr—! (Statistisches Amt M-V, 2007). Eel
are also highly prized for consumption by recreational fishers, and
while harvest data on recreational fisheries is sparse, initial esti-
mates for Mecklenburg-Vorpommern suggest that resident and
non-resident anglers harvest as much as 187tyr~! (Dorow and
Arlinghaus, in press). This indicates that the size of the recreational
eel fishing sector is substantial.

Anglers were recruited to participate in a twelve-month angling
diary program (September 2006 to August 2007) using a com-
bination of random digit telephone calls and random selection
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Expected Catch

Average catch number
Average catch size

Regulations for eel angling
Minimum-size limit
Daily bag limit
Monthly fishery closure
Daily rod limit

Increase in cost per day of eel fishing

Which eel angling option do
you prefer?
Please choose only one!

Eel angling day A

Eel angling day B

1 eel 2 eels
60cm 65cm
60cm 55¢cm
3eels 1 eel
7 days No closure
1 rod 2 rods

5 € increase No increase

a9

Ve

L]

Angling day A

L]

Angling day B

Please imagine that the scenarios depicted for either your preferred or disliked eel angling
day are in place. How would you allocate 10 days for which you have the opportunity to go

fishing to the following alternatives?

Preferred Disliked
angling day angling day
Eel angling days
i Days fishing for coarse fish in i
freshwater areas
+ Days fishing for predatory fish in +
freshwater areas
+ Days fishing in freshwater with no +
specific target species
+ +
Days fishing in coastal areas
+ Not fishing +
= 10 days Total sum = 10 days

Fig. 1. Example of a choice set used to examine allocation decisions of German eel anglers (translated from German). Only the allocation task (question 2) is analysed in this
paper. Note that coarse fish refers to non-predatory and non-salmonid fish of high abundance in the study region. The daily cost reflects increases to the overall costs from

any source including licence fees, travel costs, specialized tackle etc.

from a M-V recreational fishing licence database (see Dorow and
Arlinghaus, in press, for details). From this sample, eel anglers,
defined as those who had targeted or caught eel within 12 months
prior to the start of the diary program, were selected for a mail sur-
vey. A 14 page questionnaire incorporating a choice-experiment
and a series of other questions designed to characterize eel angler
types and their opinions about eel management (see Dorow et al.,
2010, for details) was mailed in April 2007 to 381 eel anglers, with a
telephone reminder following two weeks later. This yielded a final
sample of 193 (53%) eel anglers for this study.

2.2. Survey instrument

The main component of the survey comprised a discrete choice
experiment that presented respondents with several choice sets
consisting of pairs of hypothetical eel angling days (i.e., scenarios,
Fig. 1). Each eel scenario was characterized by certain catch expec-
tations (average number and average length of eel in the catch),
distinct eel angling regulations supposed to be in effect (daily bag
limit, minimum-size limit, daily rod limit, duration of a monthly

eel fishery closure) and the hypothetical change in costs associated
with angling for eel under those conditions. For the purposes of this
study, the cost of fishing was purposely represented in broad terms,
toinclude increased costs associated with permit fees, bait/tackle or
travel to more remote angling locations. For each of these attributes
three or four levels were identified (Table 1), which were systemat-
ically varied in the survey using a fractional factorial experimental
design to produce 64 pairs of eel angling scenarios blocked into 16
survey versions (Fig. 1). This design allowed estimation of the main
effects, and certain interactions (compare Raktoe et al., 1981). The
page prior to this section of the survey presented a sample choice
set and provided detailed instructions on how to interpret the sce-
narios. Anglers were informed to assume that only the displayed
criteria and no others differed from the current state of recreational
eel fishing in M-V. Respondents were then asked to complete two
separate tasks. The first response task, presented in detail else-
where (Dorow et al., 2010), was to simply select their preferred eel
angling scenario from each pair (Fig. 1). The second response task,
upon which the present study is focused, required anglers to allo-
cate a total of 10days available for fishing among six alternative
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Table 1

Results of the multinomial logit model testing the effects of catch and regulatory attributes on eel angler fishing effort allocation decisions. Estimated coefficients for each

attribute level are called part-worth utilities (PWU).

Attributes PWU s.e. z-Value p-Value
Alternative specific constants (ASC) Eel 0.340 0.021 16.554 0.000
Coarse fish -0.013 0.021 -0.624 0.533
Predatory fish 0.335 0.019 18.075 0.000
Undirected freshwater fishing -0.028 0.021 -1.337 0.181
Coastal fishing -0.208 0.023 -9.123 0.000
Not go fishing -0.425 0.024 -17.665 0.000
Catch attributes
Average catch number per day 1 eel —0.089 0.036 —2.446 0.015
2 eels —-0.002 0.035 —-0.055 0.956
3 eels 0.099 0.035 2.840 0.005
4 eels —-0.008 0.036 -0.230 0.818
Average size of eels 50 cm -0.076 0.036 -2.100 0.036
55 cm 0.056 0.036 1.549 0.121
60 cm -0.017 0.036 —-0.475 0.635
65 cm 0.037 0.035 1.067 0.286
Regulations
Minimum-size limit 45 cm —0.046 0.036 -1.265 0.206
50 cm -0.032 0.036 -0.907 0.364
55 cm 0.052 0.035 1.491 0.136
60 cm 0.026 0.036 0.705 0.481
Daily bag limit 1 eel -0.132 0.033 -3.975 0.000
2 eels 0.057 0.027 2.066 0.039
3 eels 0.076 0.032 2.370 0.018
Daily rod limit 1 rod —0.059 0.033 -1.794 0.073
2 rods 0.020 0.028 0.718 0473
3 rods 0.039 0.032 1.200 0.230
Monthly eel fisheries closure O0days 0.065 0.032 2.044 0.041
7 days 0.080 0.027 2.933 0.003
14days —-0.146 0.033 -4.399 0.000
Increase in daily cost of eel fishing Linear per 2.50€ (Level values: -0.027 0.014 -1.936 0.053
“No increase”, 2.50€, 5€, 10€)
Daily rod limit interactions with ASC
Coarse fish 1rod 0.089 0.042 2.108 0.035
2 rods —-0.051 0.036 -1.397 0.162
3 rods —-0.039 0.042 -0.916 0.359
Predatory fish 1rod 0.102 0.038 2.672 0.008
2 rods -0.019 0.033 -0.579 0.563
3 rods -0.083 0.038 -2.177 0.030
Undirected freshwater fishing 1 rod 0.105 0.043 2.461 0.014
2 rods —-0.066 0.037 -1.798 0.072
3 rods -0.039 0.042 -0.917 0.359
Coastal fishing 1 rod 0.112 0.045 2.488 0.013
2 rods —-0.036 0.039 -0.924 0.356
3 rods —-0.076 0.045 -1.683 0.092
Summary statistics Log likelihood (LL) BIC (LL) n R?(Adj) R?
-2364.5 4744.5 193 0.017 0.001

types of angling opportunities in the region and included the eel
fishing scenarios presented. Alternatives thus consisted of one of
the two eel scenarios from the first task and five base alternatives:
freshwater non-predatory species (hereafter called coarse fish for
simplicity), freshwater predatory species, unspecified freshwater
targets, coastal fishing, and a non-fishing activity. The allocation
task was repeated for both eel scenarios in each pair, thereby
ensuring full use of the orthogonal design space, and yielding eight
separate allocations per respondent.

While a choice experiment relies on anglers’ statements of
behavioural intention rather than observations of actual choice
behaviour, a hypothetical survey-based approach was warranted
to meet study objectives, because many of the examined eel fishing
regulations were not currently in use (Hunt, 2005). The response
task was also behaviourally more realistic than traditional single
item opinion-type surveys where anglers rate individual regula-
tions or their components independently from each other (Aas
et al., 2002).

Our choice experiment is unique in the recreational fisheries
literature in the manner it elicits and models effort allocation
decisions over multiple hypothetical fishing trips. Typical choice
experiments ask respondents to choose their single most preferred

option from among the alternatives (Louviere and Timmermans,
1990), whereas we asked respondents to allocate ten choices (i.e.,
days) among the alternatives provided in each choice set (compare
Louviere and Hensher, 1982; Borgers et al., 2007). When deal-
ing with repeated behaviours, as with anglers who hold annual
licences, this frequency-based approach offers an important advan-
tage over a conventional choice experiment (Christie et al., 2007),
because the allocation task refines measurements of angler pref-
erences. It does so by allowing preferences for marginally less
acceptable alternatives (i.e., fishing alternatives that receive some,
but not most of an angler’s effort) to be included in the analysis.
For this reason, frequency-based choice experiments may pro-
vide better predictions of actual behaviour than traditional choice
experiments (Christie et al., 2007).

2.3. Theoretical grounding and statistical modelling

Analyses of all discrete choice experiments are grounded in ran-
dom utility theory (McFadden, 1974). This theory states that human
decisions are a function of the attributes of the available alterna-
tives, and individuals select options that maximize personal utility,
an unobserved (i.e., latent) measure of well-being for an individual
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(McFadden, 1974). Most commonly, analysis of choice experiments
assumes that error in the utilities follows a Gumbel distribution
(Louviere et al.,2000) allowing researchers to fit a multinomial logit
(MNL) regression model to observed choices (McFadden, 1974),
such as those expressed in our choice survey:

e“i*El Bijxij
pi=—— — (1)

k
Z:; : EWHZ] BikXik

where the probability of choosing alternative i is equal to the
exponent of utility of alternative i, consisting of the sum of the alter-
native specific intercept value («;) and the contributions, termed
part worth utilities (PWU), attributed to each of j attributes of that
alternative (B;x;;, where B represents the regression coefficient
and x;;, the attribute value) divided by the sum of utilities raised to
the exponent for all k alternatives available to that individual.

The analysis of frequency-based choice experiments differs from
simple choice tasks only in the treatment of the dependent variable
modelled with Eq. (1). Accordingly, rather than treating each choice
expressed by the respondent in the survey as a single discrete event,
each alternative is assigned a probability of being chosen in propor-
tion to its allocation of units in the task. In our application, the units
of allocation are angling days (Fig. 1). Each alternative (e.g., eel,
coarse fish, predatory fish, etc.) is then treated as an observation,
whose replication weight is equal to the probability of being cho-
sen (Vermunt and Magidson, 2005). Unchosen alternatives have a
weight of zero and therefore drop out of the calculation, while every
alternative that receives at least one allocated day is retained when
fitting the model. In this way, the sum of replication weights for all
alternatives in an individual’s choice set equals one. To analyse our
eel angling choice data, we fitted a MNL using the software Latent
Gold Choice 4.5 (Vermunt and Magidson, 2005). Preliminary analy-
ses were conducted with all attributes effects-coded (Louviere etal.,
2000) to produce separate, unbiased PWU estimates for each level
of an attribute that sum to zero within each attribute and are there-
fore independent of the model constant. Using this treatment, all
main effects as well as the interactions between each attribute and
the six alternatives were examined. In the interest of model parsi-
mony, further reductions were made to the number of parameters
by treating the cost attribute as a simple linear function and elimi-
nating all insignificant interactions. These reductions resulted in no
appreciable loss in model fit, as indicated by the Akaike Information
Criterion (AIC).

2.4. Model validation

Before applying the parameterized MNL model as a forecast-
ing tool to predict the impact of changes in eel angling regulations
on effort, we first validated it using the model’s ability to pre-
dict current eel angling effort. To this end, we compared angling
effort for eel under current conditions in the study region of M-V
estimated from our statistical model with observed eel angling
effort using information from a complimentary year-long diary
study conducted with the same survey respondents (Dorow and
Arlinghaus, in press). Predicting the proportion of effort allocated
to eel under the status-quo required specifying attribute levels for
eel angling regulations and catch characteristics that reflected cur-
rent conditions. Specific eel angling regulations in M-V may have
differed across the state, as some water bodies were managed by
different fishing rights holders (Daedlow et al., in press). In most
cases, however, eel regulations across M-V conformed to the min-
imum standards set by state fisheries legislation, consisting of a
minimum-size limit for eel of 45 cm, a daily bag limit of three eels,
a maximum of three rods per angler and no closures for eel fishing
(M-V, 2005, 2006).

The diary study provided estimates for average eel catches
(Dorow and Arlinghaus, in press). In total, 154 survey respon-
dents alsoreturned completed diaries documenting all angling trips
taken between September 2006 and August 2007 in M-V. Of these,
38 anglers did not target eel during that period, leaving 116 individ-
uals responsible for 825 individual trips targeting eel. In total, 827
eel were caught resulting in a mean catch rate across anglers based
on the number of trips targeting eel of 1.15 eel (+s.e.=0.13,n=116
anglers) per targeted eel trip. The mean number of eel caught during
an angling trip was calculated as an average of the ratio of summed
catches over the total number of trips for each angler. Because the
diary did not ask respondents to report average sizes of their eel
catch, but rather the size of the largest retained eel (Dorow and
Arlinghaus, in press), to estimate the average size of caught eel, the
mean size of the largest eel for trips where only one eel was caught
was used. Similar to the number of eels caught per trip, the mean
size was first calculated for each angler and then averaged across
anglers. A total of 186 trips reported catching a single eel, with the
mean length caught by each angler being 59.5 cm (+s.e.=1.16 cm,
n=72 anglers). Their catch attributes were used in the status quo
modelling exercise.

The cost attribute in the survey was presented as an increase
over the current daily expenses associated with eel angling; there-
fore respondents were asked to provide an estimate of their total
cost per day to go eel fishing excluding licence fees. We added to
this estimate the self-reported yearly licence expenses incurred for
all angling in M-V divided by the number of angling days for each
survey respondent. Accordingly, the current mean cost of an eel
angling day was estimated at 17.44<€ (+s.e.=1.40€,n=127 anglers).
This value was taken as the base for calculations of the relative
change in cost from the status quo.

The above-mentioned regulations and average eel catch char-
acteristics reflected conditions under which angling days are
currently allocated to eel fishing. Accordingly, we defined a sta-
tus quo as having an average catch of a single 60 cm eel per day,
with a daily bag limit of 3 eels, a minimum-size limit of 45 cm, a
maximum of three rods per day and no increase in current financial
costs for eel fishing. The status quo scenario also included no tem-
poral closure because this management approach had not as yet
been implemented in the study region. These attribute levels were
imported into the statistical effort allocation model, and the pre-
dicted eel fishing effort was compared with the observed angling
effort allocation in the study region as derived from self-reported
effort allocation in the diary. This procedure was intended to test
the predictive validity of using behavioural intention as revealed by
the allocation task to predict actual behaviour towards eel angling
in the study region.

2.5. Effect of regulations on effort

After validating the statistical model, two sets of scenario anal-
yses to predict eel angling effort to changes in configuration of eel
angling attributes were conducted. First, we calculated the elastic-
ity of demand for all significant catch (catch rate and size of eel) and
regulation (daily bag limit, daily rod limit, temporal closure, cost)
attributes by altering each attribute from its status quo baseline to
each level given in the choice experimental design (see Table 1 for
attribute levels). The percent change in the attribute level from the
status quo (Ax;) and the associated percent change in predicted
angling days allocated to eel (Ay) were then calculated. With this
information, elasticities (E) of demand were calculated as the ratio,
Exy=Ax;/Ay (Case and Fair, 1999). These calculations were con-
ducted for all attributes significant in the choice model at p<0.10,
and this liberal significance value was chosen to model potential
angling effort responses that were not statistically significant due
to the low sample size of the survey, but that might be managerially
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relevant. A value of Exy <1 indicates an inelastic angling demand,
whereas values Eyy >1 are considered elastic demand (Case and
Fair, 1999). The elasticity analysis was used to examine the mag-
nitude of eel angling effort and its sensitivity or responsiveness to
changes in attributes of the eel angling experiences. By removing
the unit of analysis and expressing only the relative change within
each regulation, effort response to all types of regulations can be
directly compared.

2.6. Scenario analysis of effort changes to altered regulatory
policies

Additional analysis using the parameterized effort allocation
model was conducted to explore the combined effect of changes
in multiple eel catch qualities and regulations on eel angling
effort. To this end, the status quo was compared to various pre-
determined policy and management scenarios in the study region
for illustrative reasons. These scenarios reflected an increasing
degree of regulatory strictness and were designed because narra-
tive interviews with eel managers in the study region indicated that
forthcoming regulatory changes would most likely involve multi-
ple eel regulations. Note, however, the scenarios presented in this
paper represent only a few potential regulatory combinations, and
managers may wish to test other combinations using the results
presented below. This analysis was also restricted to attributes sig-
nificant at p<0.10. First, a set of moderately stronger regulations
relative to the current situations composed of a daily bag limit of
two eels, a daily rod limit of two eel rods, and a seven-day monthly
closure was explored. Second, we examined a scenario compris-
ing highly restrictive regulations composed of daily bag limits of
a single eel, and a daily rod limit of one rod combined with a
fourteen day monthly closure. Finally, we investigated a potential
outcome if the severe regulations mentioned above were to lead
to increased stock abundance and improved eel catch expectations
that may again attract effort. The goal of all scenario analyses was to
help decision-makers understand how eel anglers will likely react
to eel management policies and their resulting impacts on catch
quality.

2.7. Effect of regulations on harvest

As the stated management objective for the EU regulation
threatened a 50% closure of the fishery is a reduction in fishing
mortality rather than effort to achieve a certain prescribed escape-
ment level of silver eels, establishing a relationship between effort
levels and eel harvests is insightful for evaluating the potential for
success. To this end, we performed a linear regression to predict
changes in total eel harvests due to total effort reductions based
on the diary data (Dorow and Arlinghaus, in press) for 149 water
bodies (i.e., sampling units) where eel were targeted. Addition-
ally, direct effects of certain regulations, namely minimum-size
limits and daily bag limits, were also estimated based on the dis-
tributions of daily harvest number and size of creel as reported
in the diary data. By assuming that every legally harvestable eel
in this highly consumptive fishery is retained, these distributions
provided a baseline from which to establish harvest reduction asso-
ciated with more stringent input and output regulations. Assuming
that reductions in effort act proportionally on all harvest charac-
teristics (i.e., the distribution of catch numbers and sizes does not
differ with varying levels of effort) we then estimated total harvest
reductions that accounted for changes in effort plus any direct har-
vest reduction as a consequence of changes to output regulations.
From this analysis, we calculated the effect on harvest, both of indi-
vidual attributes from within the discrete choice experiment, and
also of each scenario described above.

3. Results
3.1. Survey responses and sample description

The survey yielded a response rate of 53%, with n=193 eel
anglers returning completed questionnaires. A comparison of
respondents and non-respondents, based on information collected
at the time of recruitment, (n=173) revealed no significant dif-
ferences in socio-demographics (age, education, monthly income
and household size) or angling specific criteria (angling experi-
ence, annual angling frequency, importance of fishing, angling club
membership) (see Dorow et al., 2010, for details). Consequently,
non-response bias was assumed to be negligible.

Respondents were overwhelmingly male (97.7%), of mean age
42 years (+s.e.= 1.1, n=193). The majority (63.5%) were members
ofalocal angling club. Respondents to our survey had a mean of 22.4
years (+s.e.=1.4, n=193) of fishing experience with a long history
of targeting eel (mean=18.7 years, +s.e.=1.02, n=182). In 2006,
they reported fishing for eel an average of 11.8days (+s.e.=1.2,
n=180). Of these days 89.7% were reported in freshwater systems
(61.1% in lakes and ponds and 28.7% in rivers and canals) with
the remaining effort occurring in coastal waters and estuaries. The
majority of respondents (77.8%) reported using worms as their pri-
mary bait for catching eels. Typical bait worms used in the region
are of the earthworm family (Lumbricidae).

3.2. Effort allocation model

Model selection was based on maximizing overall fit while
including all main effects and significant interactions with the
model constants (Table 1). Effort allocation to eel was strongly
affected by the alternative specific constants, i.e. the types of fishing
opportunities presented as alternatives, irrespective of the level of
eel regulations and expected eel catches (Table 1). These constants
indicated that all things being equal, respondents allocated a signif-
icantly higher proportion of their intended effort to eel relative to
other fishing experiences, but they also allocated significant effort
to predatory fish in freshwater fisheries. The non-fishing option
was the least chosen of all alternatives. Note that model constants
were only significant for eel and predatory fish (both positive) and
coastal fishing and not fishing (both negative).

The parameter estimates for the eel catch and regulation
attributes and their impact on effort allocation followed expected
trends (Table 1). Anglers’ allocation of effort to eel was significantly
and positively influenced by the average number of eel caught
(p<0.01) with catch rates of three eels increasing allocations to
eel. The average size of eels also had an effect on effort allocation,
with anglers avoiding the eel alternative when presented with the
smallest average size of captured eel in our scenarios (50cm in
length; p<0.05). Larger average sizes had no significant effect on
effort allocation to eel. We cannot extrapolate outside the attribute
levels presented in our survey, but it is likely that disutility was also
high for fish smaller than 50 cm total length in the catch.

In terms of regulations, eel effort allocation was significantly
negatively affected by stringent daily bag limits consisting of one
eel per day and a proposed 14-day temporal closure per month
(p<0.001), while more relaxed daily bag limits of two or three eel
per day and monthly closures up to seven days had a significantly
positive effect on eel angling effort. By contrast, effort allocation to
eel remained largely unaffected by changes to minimum-size limits
(minimum p=0.136). While daily rod limits had only a moderate
effect onallocation to eel (minimum p value of 0.07 for a 1 rod limit),
this attribute also exhibited significant interactions with the other
non-eel fishing alternatives (Table 1). At low rod limits, anglers allo-
cated significantly more effort to all other non-eel fishing activities
and avoided eel, while at high rod limits, anglers more strongly
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Current scenario

Average catch number 1 eel
Average catch size 60 cm
Daily bag imit 3 eels
Minimum-size limit 45 cm
Monthly fishery closure 0 days
Daily rod limit 3 rods
Increase in daily cost of eel fishing 0.00 €
Constant
SUM
EXP

Effort allocation = EXP/(SUM(EXP))
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Fig. 2. Sample calculation of angling effort allocation using Eq. (1). For illustrative purposes the predicted allocation of angler days under the status quo is shown. Part-worth

utilities represent the model coefficients from Table 1.

avoided fishing in freshwater for other predatory species or in
coastal waters and instead targeted eel more frequently. Finally,
an increase in financial cost to eel fishing implemented, for exam-
ple, through a daily eel permit, was associated with the expected
significant decline in angler utility indicated by reduced effort allo-
cated to eel as costs increased. These findings jointly highlighted
thateel angler effort responses were non-linearly dependent on the
type and degree of eel regulatory measures, the eel catch qualities
expected and the financial cost for eel fishing.

3.2.1. Model validation

The fully parameterized choice model from Table 1 allowed us to
predict the fraction of total effort by the surveyed anglers devoted
to eel for various combinations of regulations and eel catch qualities
(exemplified in Fig. 2), but it was based on hypothetical responses
by anglers in the survey. Under the current conditions for regu-
lations and catch attributes, the model predicted 24% of all days
are allocated to eel with the remaining effort divided among the
other non-eel fishing alternatives (Fig. 2). By comparison, for survey
respondents who reported targeting eel in M-V in their diaries, the
mean fraction of angling days devoted to eel was 22.4% (+s.e.=2.3%,
n=114 anglers) in the angling season of 2006-2007. The point
estimate of the predicted eel angling effort allocation fell within
the confidence interval (22.4% +4.5%), of the true eel allocation
behaviour, providing a validity test of the choice model in Table 1.
The statistical model could thus be used to forecast eel angling
effort as a function of eel angling regulations, catch attributes and
costs.

3.3. Effect of regulations on eel angling effort

Elasticity analysis for all significant attributes independent of
one another revealed that angling demand for eel was strongly
inelastic (i.e., Exy < £1) to changes in individual attribute levels rel-
ative to current conditions across all individual regulations tested
(Table 2). The sign of the elasticity value indicates the direction of
the angling effort responses relative to the change in attribute lev-
els. For example, as costs for eel fishing increased by 2.5€, demand
for eel angling decreased by 2.05% relative to the current situation
resulting in a negative and highly inelastic value for total elastic-
ity. The highest, yet still inelastic, elasticity values were found for
decreases in the average size of eel from 60 to 55cm, followed
by increases in average size to 65 cm, decreasing the supply of eel
angling days per month by implementing a 14-day closure, imple-
mentation of a daily bag limit of 1 eel and a daily rod limit of 1
rod. All other attributes exhibited elasticity values close to zero.

Of similar interest are also the absolute changes to angling effort
that may be expected by modifying certain regulations. Effort may
be suppressed by approximately 15-17% relative to current levels
by implementation of restrictive daily bag limits of 1 eel per day,
daily rod limits of 1 eel rod per day or temporal closures of 14 days
per month. By contrast, a similar increase in effort (+15%) may be
stimulated by increasing the average catch from one to three eel
per day. Thus, a combination of regulations and expected catches
determine eel angling effort in a non-linear way.

While changing individual attributes exerted comparatively lit-
tle effort response from eel anglers in the study region (i.e., inelastic
effort response), combining regulatory policies into a mix of tools
may have a greater effect on eel angling effort. This however was
not the case for moderate changes to eel angling regulations com-
pared to current conditions. Indeed, by moderately increasing the
stringency of various eel harvest regulations jointly, anglers were
predicted to reduce eel angling effort allocation by only 3% relative
to current effort levels (Table 3). Thus, moderate changes in daily
bag limits, daily rod limits and small temporal closures of 7 days per
month can be expected to have a negligible effect on the total effort
devoted to eel. By setting significant regulations to their strictest
levels, however, managers can expect to achieve reductions in eel
angling effort of about 42% relative to the current situation. Under
this scenario, anglers are predicted to devote approximately 14%
of their total angling days to eel compared to the 22-24% allo-
cated to eel under current conditions (Table 3). Should anglers enjoy
improved catch rates, effort is predicted to increase. With the addi-
tion of a second eel, eel angling effort can be expected to be 37%
less than current, and with 3 eels per day (potentially a result of
the conservation benefits stricter regulations), eel angling effort
would fall by only 28% relative to the current conditions rather
than 42% under the same policies without catch prospect improve-
ments. Effort displaced from eel under this and other scenarios
would be distributed among the remaining non-eel alternatives,
predominantly to predatory fish in freshwater fisheries (Table 3).

3.4. Effect of regulation changes on eel harvest

To predict the potential reduction in eel harvest as a result
of input or output regulatory changes, we first estimated a lin-
ear regression of total harvest on total effort for 149 water bodies
receiving directed eel angling effort in the study region. This regres-
sion revealed a strongly positive relation between total angler days
(x) and total harvest (y) (y=1.601x —0.37, R2=0.85, p<0.001). The
slope of the regression suggested that 1.6 eel are harvested per
angling day on an average water body (Fig. 3). The regression inter-
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Table 2

Elasticity of demand (i.e., angling effort allocation) for changing eel catch attributes and regulations compared to the current base scenario (only for significant attributes at

p<0.1, see Table 1; an elasticity value <1 indicates an inelastic demand response.

Change in effort

Level

Change in attribute Eel angling days Elasticity of demand

Catch attributes

Average number of eels 1 eel
per eel angling day 2 eels
3 eels
4 eels
65 cm
60 cm
55 cm
50cm

Average size of eels caught

Regulations
Daily bag limit 3eels
2 eels

1 eel

3 rods
2 rods
1 rod
0days
7 days
14 days
17.44€
+2.50€

Daily rod limit

Monthly eel fishery closure (assumes 30 fishing days/month)

Linear increase in daily cost of eel fishing

Base

100% 6.8% 0.07
200% 15.0% 0.08
300% 6.3% 0.02
8% 4.2% 0.50
Base

—8% 5.6% -0.67
-17% —4.4% 0.26
Base

—33% -1.5% 0.05
—67% —15.0% 0.23
Base

—33% -2.7% 0.08
—67% -17.0% 0.26
Base

—23% 1.1% -0.05
—47% -15.1% 0.32
Base

+14% —2.05% -0.14

Table 3

Change in eel angling effort and harvests for different eel angling scenarios compared to the current scenario. Attribute levels altered from current are indicated in bold.

Current Regulatory change only Influence of change in
catch
Regulatory change None Moderate Strict Strict Strict
Catch improvement None None None Moderate High
Catch conditions Catch number 1 eel 1 eel 1 eel 2 eels 3 eels
Catch size 60 cm 60 cm 60 cm 60 cm 65cm
Regulations Daily bag limit 3 eels 2eels 1 eel 1 eel 1eel
Minimum-size limit? 45 cm 45 cm 45 cm 45 cm 45 cm
Closure Odays 7 days 14 days 14 days 14 days
Rod limit 3 rods 2rods 1rod 1rod 1rod
Cost increase 0.00€ 0.00€ 0.00€ 0.00€ 0.00€
Allocation across alternatives
Eel 24.0% 23.3% 14.1% 15.2% 17.3%
Coarse Fish 15.8% 15.5% 17.6% 17.4% 17.0%
Predatory Fish 21.4% 22.6% 25.2% 24.9% 24.3%
Other Freshwater 15.5% 15.0% 17.6% 17.4% 17.0%
Coastal 12.5% 12.9% 14.8% 14.6% 14.3%
Not go fishing 10.9% 10.8% 10.7% 10.5% 10.3%
% Change in eel effort (angler days) (Base) -3.0% -41.4% -36.9% -28.1%
% Change in eel harvest based on effort change (Base) —4.0% —57.0% —50.0% —38.0%
% Change in eel harvest as direct effect of daily bag limit (Base)® —13.0% —38.0% —38.0% —38.0%
% Total change in harvest (Base) -17.0% -73.0% —69.0% -62.0%

2 The minimum-size limit had no significant effect on effort (see Table 1), and was therefore held constant.
b Harvests may be reduced by 9% if current regulations (daily bag limits and minimum-size limits) are met with 100% compliance.

cept was found to be insignificant (8=-0.37; s.e.=0.33; t=—1.11;
p=0.28), while the slope of the regression of harvest on effort was
highly significant (§=1.601; s.e.=0.056; t=28.36; p<0.001).
Using the current distribution of daily eel harvests (Fig. 4) and
the size distribution of eel harvest by anglers (Fig. 5), the potential
savings of eel landing by anglers in response to changes to tradi-
tional harvest regulations and other tools was estimated. Under
conditions of full compliance with regulations, a daily bag limit
of two eels, alone, may directly reduce eel harvests by anglers by
13% (Fig. 4). When the landings reduction effect stemming from
reductions and daily bag limits and associated effort reductions are
combined, eel take under this regulation could be reduced by as
much as 15% (Fig. 4). A more stringent daily bag limit of only a
single eel could reduce overall eel harvests by as much as 51%.
Similar reductions in harvest may also be achieved using
minimum-size limits (Fig. 5). An increase in minimum-size limit
to 50 cm would decrease harvests by up to 12%, while size limits

of 55 cm and 60 cm could reduce harvests by 36% and 55% respec-
tively. As our model found minimum-size limits within the range
tested to have insignificant effects on effort, only direct effects on
harvest are reported.

Combining various regulatory tools into more comprehensive
management scenarios, the potential reduction in total eel harvest
ranged from the moderate scenario of 17-73% harvest reduction
(Table 3) relative to the current case of about 187 metric tonnes
of eel harvest in the study region (Dorow and Arlinghaus, in press).
Note that the combinations of regulations and catch qualities exam-
ined in Table 3 represent only a few conceivable options for eel
management. Other scenarios of specific interest may also be exam-
ined using parameters in Table 1 as exemplified in Fig. 2.1

1 See Supplementary material for interactive exploration of alternative scenarios.
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Fig. 3. Linear regression of total eel harvest on water body-specific total directed
eel effort across 149 water bodies in Mecklenburg-Vorpommern, Germany.
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Fig. 5. Distribution of eel sizes per successful trips and predicted harvest reduction
associated with increasingly stringent minimum-size limits (MSL). Effort was not
found to significantly change across the range of levels examined; hence it was not
assumed to affect harvest.

4. Discussion

Our case study of eel anglers in northern Germany highlights
the importance of understanding recreational fisher behaviour
when planning for biological outcomes associated with regulatory
changes, which is especially critical in the case of threatened popu-

lations. Regulations may either repel or attract fishing effort. Using
a novel frequency-based choice experiment to predict angling
effort responses to altered regulations, we found that eel angling
effort response was inelastic to changes in catch and regulation
attributes of the eel fishing experience. Thus, eel fishery managers
across Europe should not necessarily expect proportional changes
in recreational eel angling effort and subsequent harvest savings in
line with changes to any individual input regulation. Instead, our
model suggests that substantial changes to eel angling mortality
are only likely once multiple regulations become highly restric-
tive and/or direct output control measures are implemented. Under
such conditions, landings savings up of to 73% relative to current
levels are conceivable. Whether this has any positive impact on the
panmictic eel stock, however, is biologically unknown.

Respondents to our survey preferred all five fishing alternatives
presented in our choice experiment over the non-fishing alter-
native, reflecting respondents’ avidity for recreational fishing in
general (Dorow et al., 2010). Of the fishing alternatives, freshwa-
ter options were preferred over coastal fishing, which may reflect
higher travel costs for eel anglers living in inland communities.
As may be expected for the angler subpopulation constituting our
sample, the most preferred alternative was fishing for eel, with
pronounced effort also occurring for other predatory fishes (e.g.,
pike (Esox lucius), perch (Perca fluviatilis), and pikeperch (Sander
lucioperca). These results confirm previous findings from German
fisheries that anglers prefer predatory over non-predatory fish
species (Arlinghaus and Mehner, 2004; Arlinghaus et al., 2008) and
target eel primarily in freshwater (Dorow and Arlinghaus, in press).

Most of the attributes that we examined exerted significant,
yet small individual effects on the number of days allocated to eel
angling. The effect of catch qualities on eel angling effort alloca-
tion was apparent in both the number of eel caught and also their
size. However, an increase of expected size beyond 55 cm was not
associated with a significant increasing allocation in favour of eel,
and once catch rates exceeded three eel per day, respondents actu-
ally decreased their rate of allocation to eel. These findings may be
perceived as counterintuitive in light of other recreational fishing
studies where larger sizes and higher catch rates were found to
increase utility to anglers (e.g. Aas et al., 2000; Laitila and Paulrud,
2006; Oh et al., 2007), but they support the consumptive charac-
ter of recreational eel fisheries in Germany and agree with existing
harvest regulations for several reasons. First, size may exert little
influence on effort allocation because aspects of trophy fishing are
of low importance to eel anglers, possibly because smaller eels are
judged to have a higher culinary value (Dorow et al., 2010). Second,
as a recreational meat fishery, higher catch rates of eel are only
important to anglers to the extent that catches may be retained.
Daily bag limits in our study region as well as in our study never
exceeded three eels per day; therefore, a fourth eel may not provide
additional benefit to anglers.

Angler intentions to fish for eel were also significantly affected
by changes in eel regulations, yet these angling effort responses
were not commensurate with the relative change in the underly-
ing regulatory attributes. Significant attribute levels were found
for daily bag limits, daily rod limits and temporal closures, but not
for minimume-size limits. The latter finding was unexpected given
previous findings that showed strong preferences of eel anglers for
intermediate minimum-size limits in the study region of 50-55 cm.
This preference for increasing the minimum-size limit over the
status quo may reflect a perceived obligation to contribute to eel
conservation, without the associated hardship imposed by more
burdensome regulations such as temporal closures (Dorow et al.,
2010). Our study, however, indicates that such preferences do not
influence the amount of time allocated to eel fishing. Nevertheless,
minimum-size limits may contribute substantially to conserva-
tion efforts through their direct effect on fishing induced mortality
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(Dorow etal.,2010). We found that increasing minimum-size limits
to 55 cm may reduce harvest levels by 36%, representing 67 fewer
tonnes harvested by anglers in the study region (assuming a current
harvest level of 187 tyr~!, Dorow and Arlinghaus, in press).

In contrast, we found that stricter daily bag limits of two or one
eel per day (relative to three eel per day as currently the case) did
reduce total eel angling effort. Similar effects of harvest control
measures have also been described in another highly consumptive
recreational fishery — walleye (Sander vitreus) in Wisconsin (U.S.A.)
(Beard et al., 2003). Changes to angling effort through implemen-
tation of lower daily bag limits can be explained by their effect
on reducing potential eel harvests, a primary benefit of this par-
ticular angling experience; however, angler perceptions of their
ability to harvest eel also strongly contribute to this effect. The
effect of perceived harvest constraints on angling effort dynamics
is particularly clear when comparing the effect of minimum-size-
limits and daily bag limits on harvest savings in our results. Both
regulations act directly on harvests by anglers by constraining the
sizes or numbers of eel that people can take home from each trip.
Our findings suggest, however, that given current catch quality
and regulatory levels, stricter minimum-size limits have greater
potential to directly limit harvests than daily bag limits. Fifty five
percent (103 tyr—1) of harvested eel fall below the current mean
size of 60 cm, while only 38% of harvested eel are in excess of the
current average catch of one eel per day. Consequently, increas-
ing minimum-size limits to 60 cm would directly reduce harvests
more than decreasing daily bag limits to a single eel. Daily bag
limits, however, compound their effects on harvest by also sig-
nificantly reducing angling effort, whereas minimum-size limits
apparently do not. As a result, predicted harvest reductions for
a daily bag limit of one eel (51%, 94tyr—!) are similar in over-
all magnitude to increasing the minimume-size limit 60 cm. These
results support previous findings that daily bag limits are ineffec-
tive when they do not constrain angling harvests but they affect
angler expectations and behaviour (Radomski et al.,2001; Cox et al.,
2002; Beard et al., 2003). Thus, when appropriately set, output
controls such as daily bag limits can be very effective at limit-
ing recreational harvests due, in part, to their impacts on angling
effort.

Allocation of angling days to eel was not only influenced by
output control measures (e.g., daily bag limit), but was also signifi-
cantly influenced by restrictive input (i.e., effort) control measures,
namely the implementation of a 1 rod per angler daily limit and
a 14-day/month temporal closure. Regarding daily rod limits, the
complimentary diary study showed many anglers in the study
region devote only a fraction of their rods to eel, preferring instead
to target multiple species simultaneously (Dorow and Arlinghaus,
unpublished data). A limit of two rods does not constrain eel anglers
because there is little opportunity cost to directing one rod towards
catching an eel while using the other rod to pursue other fish-
ing prospects. Only at a limit of one rod are anglers forced to
select a single target species. Hence, significant effects of daily
rod limits on eel angling effort and displacement to other fish-
eries, mainly predatory fish in freshwaters, occurred only once this
severe rod limit was implemented. The challenge that managers
face when implementing any form of rod limits for eel, however,
is enforcement, because eel anglers typically apply generic baits
used also for other species. As a result, to be effective daily rod lim-
its may require implementation across all angling activities, not
just eel fishing, which will have high social costs (Dorow et al.,
2010).

Effort allocated to eel was predicted to decline by 15% relative
to current levels when a temporal closure of 14 days per month
was implemented in the survey. This represented an inelastic effort
response. Indeed, limiting the amount of time that can be devoted
to fishing is among the most drastic measures to control effort. It is

therefore disliked by eel anglers (Dorow et al., 2010) and thus not
unexpectedly negatively affected eel angling effort in the present
study. However, this response was still relatively small given that
a 14-day closure represents 47% of the current number of open
fishing days. Unlike commercial fishing, recreational fishing, by def-
inition, takes place during discretionary, leisure time. Moreover,
few anglers spend their entire leisure time fishing. As a result,
anglers may accommodate temporary closures by concentrating
their eel angling during times when the fishery is open. This argu-
ment is supported by previous findings that a closure of 7 days per
month has been found to be acceptable to anglers in the study
region (Dorow et al., 2009) and did not significantly reduce the
proportion of effort directed to eel (this study). Only when fish-
ery closures span a time period sufficient to limit one’s ability to
reschedule angling activities can they be expected to markedly
affect the effort. Our study, however, made no separation between
weekdays and weekends when examining the impact of temporal
closures. Because angling activities are often concentrated during
the weekend (Hunt et al., 2007), eel fishery closures throughout a
month may actually have a greater effect on eel angling effort than
predicted by our survey if they are selectively timed to occur during
peak fishing periods. One should note, however, that the predicted
reduction of effort was only 15% at a temporal closure of 14 days
per month, with similar reductions also found for a daily bag limit
of 1 eel per day. Previous findings, however, have shown that the
welfare loss to anglers is considerably larger from a 14-day tem-
poral closure than from a daily bag limit of 1 eel per day (Dorow
etal., 2010). Managers are well advised to consider the differential
social impacts of imposing new and therefore unfamiliar forms of
effort regulation such as temporal closures over modifying exist-
ing measures, such as daily bag limits and minimum-size limits,
and consider trade-offs between the potential biological effects of
regulations versus their social costs. Otherwise, intensive conflict
and loss of stewardship behaviour, such as stocking and habitat
management, by anglers is to be expected, which may contribute
to further decline of eel stocks.

While individual regulations alone did not strongly affect eel
angling effort, we also examined the joint effects of implementing
multiple tools simultaneously. In doing so, we found that moderate
regulatory changes (2 eels day~!, 7 day closure, 2 rod maximum)
altered the allocation of eel angling effort by only 3%. A possible
explanation may relate to media coverage of the eel decline to
which anglers in Germany have been exposed. This result corrob-
orates previous findings that moderate additional regulation for
the purpose of conserving eel stocks is quite acceptable to anglers
(Dorow et al., 2009). From our diary data, it appears that such
regulations do not substantially restrict harvests (a 4% decrease
relative to current) and thus provide little incentive to substitute
another activity. In conclusion, moderate eel fishing restrictions do
not appear to pose a barrier to fishing participation and will there-
fore only contribute to meeting management goals to the extent
they directly constrain harvests.

Angling effort changes were more pronounced once regulations
become very strict (daily bag limit of 1 eel, 14-day monthly closure,
maximum of 1 rod), which supports previous findings by Dorow
et al. (2010) showing that severe restrictions have strong welfare
consequences for the eel anglers in northern Germany. The 41%
effort reduction associated with our strict regulation scenario is
less than might be expected a priori given the draconian regulations
that included only half the allowable days per month, severe daily
bag and size-based harvest limits (1 eel day~!), and a maximum of
one allowable rod. This reluctance to abandon eel fishing or reallo-
cate effort more strongly to other fish species can be explained by
the surveyed anglers’ strong commitment to the eel fishery and the
lack of substitutes for eel (Dorow et al., 2010). Thus, only with the
implementation of a set of highly restrictive regulations in addi-
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tion to a temporal closure of 14 days per month (EC, 2007) can a
50% reduction of effort be expected. This will then reduce annual
harvests by as much as 137 tonnes relative to the present (73% less
than current).

Another finding of our study is that effort reductions stem-
ming from regulatory restriction may be partly compensated by
increased eel abundance and its corresponding effect on catch
rates. Considering the potential for successful conservation efforts
to attract anglers back to the fishery with improvements in catch
quality (this study; Cox and Walters, 2002), long term eel fish-
ing effort may be higher than predicted in our scenarios if the eel
stocks recover. This effect is well documented in the fisheries litera-
ture, known as the “paradox of enhancement” (Johnson and Staggs,
1992) or the “success breeds failure pathology” (Cox and Walters,
2002). The implication for the conservation of eel stocks is that
without constraining total effort and harvest, conservation efforts
may not be as effective as initial results indicate.

Ultimately, any recommendations inferred from our study are
dependent on the conditions and mortality sources (e.g., loss at
hydropower turbines, predation by fish-eating birds, commercial
fishing) in each catchment and should not be uncritically applied
atalocal scale. Therefore, our scenarios should not be seen as quan-
titative predictions for individual catchments, but as an exercise to
highlight the complex interplay of angler behaviour in response to
regulatory policies that may create unexpected results from a man-
agement perspective. In particular, our predictions for eel effort
responses and associated harvest reductions should be applied with
caution as there are large gaps in our understanding of the biol-
ogy of Anguilla anguilla and the dynamics of eel fishing in each
catchment. Data needs specific to recreational fishing include infor-
mation regarding size-related recapture rates. As all eel captured
in freshwater have not yet spawned, the conservation benefits of
output controls are dependent on probabilities of recapture prior
to migration. Therefore, minimum-size limit regulations may con-
centrate fishing mortality on larger eels, but the overall fishing
mortality may not be appreciably affected in contrast to what we
assumed in our scenarios. Second, better information regarding the
interaction of size and number based harvest controls is needed.
If stricter daily bag limits are imposed, anglers may be tempted
to retain only the largest specimens (with the lowest probabil-
ity of recapture), continually releasing smaller (but still legally
harvestable) fish to maximize harvestable biomass. Moreover, for
many catchments there are no empirical studies to determine the
catchability of eel using angling gear, although our regression of
total effort on total harvest across water bodies suggest a pro-
portionality of effort to landings. However, without quantifying
catchability in a recreational setting and the stock-recruitment
relationship, it is impossible to estimate the contribution of any
changes in harvest in a single catchment to the overall pan-
European population.

From a methodological perspective, our study illustrates
the usefulness of stated preference surveys to forecast human
responses to changes in recreational fishery management. While
this type of forecasting necessitates the use of hypothetical scenar-
ios, our predictions are validated by the congruence between our
model results and eel angling effort allocation currently observed
in the study region. Our study presents a method by which man-
agers can assess the potential for proposed conservation measures
to affect consumptive recreational users, and ultimately succeed in
meeting biological outcomes. While application of specific findings
beyond our study area and across other threatened fish species is
strongly discouraged, our results provide unique insights into the
possibilities of angler behaviour affecting the outcome of any well-
intended biological regulations. Thus, our study underscores the
need to account for the human dimensions of recreational fishing
in biological planning.

5. Conclusions and implications

The broad geographic range for this species requires concerted
conservation efforts across Europe, and commercial and recre-
ational fisheries management are mandated requirements of the
European Union’s eel regulation directive (EC, 2007). However, very
little is known about the contribution to the decline in eel abun-
dance made by commercial and recreational fisheries relative to
other sources of eel mortality. To identify regulatory actions that are
capable of achieving stated management goals of increased escape-
ment of eel from European catchments (EC, 2007), it is crucial to
anticipate stakeholder responses (Dorow et al., 2009, 2010). This is
particularly evident given the need for voluntary compliance with
regulations, a characteristic of all freshwater recreational fisheries,
where regulatory enforcement is limited by a large population of
independent agents (i.e., anglers) dispersed across complex fishery
landscapes (Gigliotti and Taylor, 1990; Pierce and Tomcko, 1998;
Walker et al., 2007). Our study showed that the effort responses of
eel anglers are likely to be inelastic to individual changes in regula-
tory policies. Strong reductions in eel angling effort, and associated
reductions in eel landings, are only likely if regulatory policies
become very restrictive. Should such policies be implemented,
managers then face the difficult task of trading off uncertain con-
servation benefits associated with reducing recreational harvests
by up to 73% against substantial welfare losses associated with
such policies of up to several million € per year (Dorow et al.,
2010).

Our case study provides several additional insights of rele-
vance to both eel conservation and also recreational fisheries
more generally. First, reducing angling effort and corresponding
harvest levels may, depending on the fishery, necessitate imple-
menting severe input and output regulations jointly. Should the EU
or national eel managers intend to implement temporal closures
of 14days month~!, our study shows that additional regulation
(i.e., restrictive harvest limits) will be necessary to reduce fish-
ery mortality by 50%, but these angling regulations will come at
a cost of considerable welfare losses for anglers (Dorow et al.,
2010). The consumptive orientation of eel fishing coupled with
the anglers’ determination to continue eel fishing constitutes
the key management challenge that results in an inelastic effort
response. Overcoming this challenge will most likely require that
managers scientists establish the extent to which recreational fish-
ing contributes to the decline of the European eel population.
The continuing and alarming decline of the European eel (ICES,
2010) raises concerns that the targets set by the EU (EC, 2007)
may be inadequate to effect conservation success. This is how-
ever for managers to decide and is not the task of a researcher.
Giving current management goals, we recommend focusing on
increases in minimume-size limits and decreases in bag limits first,
because such tools may reduce recreational harvests consider-
ably without causing major welfare losses to anglers. Otherwise,
opposition and conflict between managers and anglers is a likely
outcome, especially if recreational angling is perceived to have
been selectively targeted by decision-makers, excluding other sec-
tors that have been identified to induce mortality on eel (Dorow
et al., 2009). Should more conservative management targets for
recreational eel harvests be implemented, our model provides a
useful tool to allow managers to develop more restrictive reg-
ulatory options that are likely to achieve the desired biological
outcome. For recreational fisheries research and management more
broadly, our study thus emphasizes the need to better understand
how management actions influence angler behaviour in a non-
linear, complex way. Neglecting human behavioural responses in
crafting conservation-oriented regulations may otherwise lead to
misguided management and result in some unexpected dilem-
mas (Sullivan, 2003). Future application of similar allocation-based
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choice experiments will enhance a priori understanding of angler
effort dynamics in the context of regulatory and ecological change.
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