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A B S T R A C T   

We used time series, diet studies and angler surveys to examine the potential for conflict in brackish lagoon 
fisheries of the southern Baltic Sea in Germany, specifically focusing on interactions among commercial and 
recreational fisheries as well as fisheries and cormorants (Phalacrocorax carbo sinensis). For the time period 
between 2011 and 2015, commercial fisheries were responsible for the largest total fish biomass extraction 
(5,300 t per year), followed by cormorants (2,394 t per year) and recreational fishers (966 t per year). Com-
mercial fishing dominated the removals of most marine and diadromous fish, specifically herring (Clupea 
harengus), while cormorants dominated the biomass extraction of smaller-bodied coastal freshwater fish, spe-
cifically perch (Perca fluviatilis) and roach (Rutilus rutilus). Pike (Esox lucius) as large-bodied freshwater fish was 
the only species where recreational fisheries were responsible for the major fraction of the annual biomass 
extraction. A strong trophic overlap and hence a similar foraging niche was documented among commercial 
fishers and recreational anglers and among non-resident and resident anglers, indicating that the aversion 
expressed by anglers against commercial fisheries in a survey had an objective underpinning related to resource 
competition. By contrast, the foraging niches of cormorants and of both fishers and anglers differed strongly as 
evidenced by largely non-overlapping sets of species that were caught and removed by cormorants and by 
commercial as well as recreational fishers. However, for individual species of commercial and recreational in-
terest, specifically perch, cormorants were responsible for a major fraction of total biomass extraction, suggesting 
that at the individual fish species level competition with fishers and anglers may still occur. In an angler survey, 
respondents expressed a preference for cormorant control, indicating the existence of conflict between fisheries 
and cormorants. We recommend that conflicts in the lagoon fisheries be proactively managed, e.g., through 
improved communication, zoning, predator control and outreach. Further research should clarify the population- 
level impacts of cormorants on target species of commercial and recreational fisheries as well as the relative 
impact of commercial and recreational fisheries on selected species of joint interest.   

1. Introduction 

Conflicts in fisheries are well documented (Bavnick, 2005; Bishop 
and Samples, 1980; Kearney, 2001, 2002; Spijkers et al., 2018). From a 
social science perspective, conflict among stakeholders is caused by goal 

interference (Jacob and Schreyer, 1980). Accordingly, stakeholders may 
perceive reduced satisfaction attributed to somebody else‘s behavior, 
which produces outcomes that conflict with their own expectations 
(Arlinghaus, 2005). For example, when two types of fishers, such as 
commercial or recreational fishers, target the same fish species (i.e., 
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have the same goal), elevated landings of a particular species by one 
fisher type might be perceived by the other group as preventing reaching 
their own goals (e.g., expected catch) in the future. Conflicts do not 
necessarily involve direct interactions and are often value-based 
(Arlinghaus, 2005; Boucquey, 2017; Loomis and Ditton, 1993). More-
over, conflicts in fisheries are often asymmetric, i.e., they may only be 
felt by one party (Manning, 1979, 1999; Martinson and Shelby, 1992). 
Conflicts may be founded on the behavior or even the mere existence of 
other people, groups, or animals. Well-documented examples in fisheries 
are the conflict around fish-eating wildlife (Brehens et al., 2008; Cowx, 
2003; Steffens, 2010) or conflicts among resident and non-resident an-
glers that differ in values and behaviours (Aas and Skurdal, 1996). 
Solving conflicts typically requires some form of managerial interven-
tion, including facilitation, communication and conflict resolution 
(Redpath et al., 2013). 

Within the sector of fisheries, conflicts between commercial and 
recreational fisheries are common in situations of co-exploitation of fish 
stocks (Boucquey, 2017; Kearney, 2001, 2002; Loomis and Ditton, 
1993). Often, both groups blame each other for reduced access to fishing 
grounds, interference during fishing, overfishing, damaging or stealing 
of gears or illegal harvest (Dorow and Arlinghaus, 2012; Quinn, 1988; 
Sullivan, 2003). Beyond competition for fish, fisher-angler conflicts 
often have a root cause in different interpretation of value, e.g., is a fish 
generating more value when captured by a recreational angler or a 
commercial fisher, and general discussions about the moral appropri-
ateness of the use of fisheries resources by either fishers or anglers 
(Boucquey, 2017). 

Another common conflict in fisheries is, broadly speaking, intersec-
toral when conservation and fisheries sectors collide (Arlinghaus, 2006; 
Brehens et al., 2008; Hansson et al., 2018; Marzano et al., 2013; Steffens, 
2010). For example, as a result of European bird conservation regula-
tions, cormorants (Phalacrocorax carbo sinensis) have strongly increased 
in abundance in many areas of Europe, in some cases causing depletion 
of local fish populations (Dieperink, 1995; Jepsen et al., 2019; Östman 
et al., 2013; Rudstam et al., 2004; Skov et al., 2014; Veneranta et al., 
2020). Protection of the cormorants in Europe has been elevated to a 
highly symbolic conflict between bird conservationists and fishers, 
creating a polarized management dilemma due to the multitude of ac-
tors involved, poor scientific basis and the pan-European nature of 
cormorant population dynamics and associated conservation regula-
tions (Brehens et al., 2008; Marzano et al., 2013). Current scientific 
knowledge indicates that ecological predation effects of cormorants 
depend on local context and are sometimes non-detectable (Lyach, 
2020), but can also be substantial and affect fish abundance and 
size-structure of fish populations (Klimaszyk and Rzymski, 2016; 
Östman et al., 2013; Veneranta et al., 2020). 

Certain conflicts in fisheries, e.g., those among commercial and 
recreational fishers targeting the same resource (Bishop and Samples, 
1980; Kadagi et al., 2021; Kearney, 2001, 2002; Ngoc and Flaaten, 2010; 
Samples, 1989), may be framed from a human ecological perspective 
drawing on the ecological theory of competition for resources among 
foragers (Berkes, 1984; Monk et al., 2018). Competition occurs when at 
least two species or stages within species desire to acquire the same 
scarce resource (Begon et al., 1996). One way to understand the degree 
of possible competition among foragers is to measure and compare the 
trophic niches of the foragers (Berkes, 1984) and to additionally assess 
and evaluate total resource extraction by each forager (Hansson et al., 
2018). In humans, competition between stakeholder groups may arise 
when their trophic niches overlap substantially in terms of the compo-
sition of fish species that are targeted. To properly understand the 
conflict potential between different forager groups that involve humans 
it is important to measure both trophic overlap among foragers and their 
total resource extraction in the same environment, and simultaneously 
to use stakeholder surveys to understand whether specific groups indeed 
are perceiving conflict and desire to regulate or constrain the party with 
whom they are in conflict. 

Mixed commercial and recreational fisheries are present in many 
coastal waters (Ihde et al., 2011; Hyder et al., 2018). While commercial 
fishers (Pauly et al., 1998) and recreational fishers (Donaldson et al., 
2011) may both desire the catch and harvest of adult upper trophic level 
predators, cormorants have been described as opportunistic foragers 
that mainly target smaller-bodied, highly abundant species of lower 
trophic levels (e.g., Hansson et al., 2018; Keller, 1995; Suter, 1997). 
However, in the coastal environment of the Baltic Sea there are also 
low-trophic level fish that are intensively targeted by commercial fish-
eries, e.g., herring (Clupea harengus) or cyprinids such as roach (Rutilus 
rutilus), where impacts of cormorants may be economically relevant. 
Work by Hansson et al. (2018) and Östman et al. (2013) has suggested 
that cormorants in the Baltic Sea exert their greatest impact on the more 
accessible coastal fish species rather than on those regularly using 
offshore habitats. 

The Baltic Sea is an example where commercial fishing for herring, 
cod (Gadus morhua) and other marine species is prevalent, but where the 
total removals of marine fish by recreational fishing are non-negligible 
(Hyder et al., 2018; Radford et al., 2018). In the Baltic Sea cormorants 
have increased strongly in abundance and may thus lead to competition 
for fish, particularly in inshore coastal habitats (Östman et al., 2013; 
Hansson et al., 2018; Mustamäki et al., 2014; Veneranta et al., 2020). 
We studied the lagoon fisheries around the Island of Rügen in the 
southern Baltic Sea in Germany as a model coastal European ecosystem 
where commercial and recreational fisheries as well as cormorants are 
all abundant and jointly exploit a shared multi-species resource 
composed of both freshwater and marine species. Pike (Esox lucius), 
pikeperch (Sander lucioperca) and perch (Perca fluviatilis) are examples of 
stenohaline freshwater fish that are common in the lagoon ecosystems 
around Rügen, and in many areas of the Baltic Sea under oligo- to 
mesohaline conditions. These species are targeted by commercial fish-
eries with varying intensity (Östman et al., 2013; Winkler, 1990), and 
they are also prime targets of recreational fisheries (Basan, 1988; Lars-
son et al., 2015; Östman et al., 2013; Weltersbach et al., 2021). Concerns 
that fishing and other forms of predation might impact stock dynamics 
of freshwater predators in the Baltic Sea have emerged (Olsen, 2019; 
Östman et al., 2013). Specifically, cormorant predation may negatively 
affect the abundance of certain coastal species in the Baltic Sea, such as 
pikeperch or perch (Hansson et al., 2018; Östman et al., 2013; Mus-
tamäki et al., 2014; Winkler et al., 2014). Yet, important knowledge 
gaps remain. For example, Hansson et al. (2018) presented zero pike 
removals for the entire ICES subdivision 24 by cormorants. This does not 
agree with local studies in this area, which reported substantial re-
movals of fish by cormorants (Winkler et al., 2014). 

The present study had four objectives. The first objective was to 
describe the development and current size of the three forager pop-
ulations (commercial fishers, recreational anglers, and cormorants), 
with a special focus on recreational fisheries, to deal with the wide-
spread lack of local data on recreational angling harvest in the Baltic Sea 
(Östman et al., 2013; Hyder et al., 2018). The second objective was to 
analyze the niche overlap of the three forager populations from the 
brackish coastal zones of the German Baltic Sea following the methods of 
Berkes (1984) and thereby examining the potential for between-group 
conflicts. The third objective was to present novel estimates on the 
total fish removals for the three forager types following the example of 
Hansson et al. (2018) but tailored to local scales. The fourth and final 
objective was to examine whether the perceptions of the human stake-
holder groups about each other and preferred management actions 
would match objective data about niche overlap and resource extrac-
tion. We hypothesized a strong foraging niche overlap among com-
mercial and recreational fisheries as well as among resident and 
non-resident recreational anglers due to similar target species, and lit-
tle overlap among cormorants and either fishers or anglers. Following 
earlier research on eel (Anguilla anguilla) fisheries in the same study area 
(Dorow and Arlinghaus, 2012), we also hypothesized that anglers would 
have a negative attitude towards commercial fisheries and cormorants, 
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specifically assuming both groups to have a stronger impact on target 
stocks than recreational fishing. 

2. Material and methods 

2.1. Study area 

The study area (Fig. 1) encompasses classical and choked lagoon 
ecosystems and estuaries around the island of Rügen, Germany, covering 
a total area of 1.584 km2 (Biester, 1991; Schiewer, 2008). The lagoons 
are eutrophic to polytrophic and offer a mix of freshwater, marine and 
diadromous fish species (Winkler and Schroeder, 2003). Typical upper 
trophic level fish are pike, pikeperch and perch. Other commonly tar-
geted marine and diadromous fish species are the western Baltic spring 
spawning herring, eel, several flatfish species and various cyprinid 
species, such as bream (Abramis brama) and roach. 

The lagoon ecosystems are traditionally used by commercial and 
recreational fisheries (Basan, 1988; Winkler, 1990). The fisheries of 
Rügen have been relevant herring fisheries for centuries (Raillard, 2012) 
and have been lucrative commercial fisheries due to a fixed price policy 
in the German Democratic Republic. After the German reunification in 
1990 and a shift from a centralized to a market economy, the com-
mercial fisheries sector has declined in size, and the number of recrea-
tional anglers has increased. Today a larger recreational fishery effort 
stems from non-residents than from resident anglers in the German 
federal state of Mecklenburg-Western Pomerania (Mecklenburg-Vor-
pommern in German, M–V) (Dorow and Arlinghaus, 2009). 

The cormorant population in the state of M–V has grown from about 
2000 breeding pairs in the late 1980s to over 14,000 breeding pairs in 

recent years (LUNG, 2017). The vast majority of the animals are located 
at the coastline (LUNG, 2017), and we studied the diet composition of 
the two largest colonies in M–V located in the study area (Fig. 1). 

The lagoon fisheries are regulated through state-level fisheries reg-
ulations that specify licensing requirements for both commercial fishers 
and anglers, monitoring, enforcement, and harvest and gear regulations, 
such as minimum-length limits for popular species (for both fishers and 
anglers), daily bag limits (for anglers), annual quotas for selected species 
(for fishers only), and protected seasons or spawning closures (for both 
fishers and anglers). Moreover, regulations exist related to nursery 
grounds where fishing is entirely or partly prohibited to facilitate 
recruitment of fish. Additional regulations that affect fishing include 
nature conservation efforts. Two national parks, a biosphere reserve and 
a multitude of smaller conservation areas exist in the study area (Fig. 1). 
In these areas, year-round the use of motorboats and the access for an-
glers is often restricted, limiting recreational fishing effort. In the core 
protection zones, limited access is granted to a small number of com-
mercial fishers with historic fishing rights, and in the biosphere reserve 
recreational anglers need a special permit to fish in certain areas. Many 
of these regulations are motivated by international and national bird 
protection (e.g., EU Bird Directive 2009/147/EC) and by conservation 
regulations that protect certain animals and habitat types (e.g., the EU 
Habitats Directive 92/43/EEC). The conservation areas are a source of 
recurring conflicts, particularly due to restricted access for anglers 
(Vogt, 2020). For most freshwater and other inshore fish the total yield 
in the lagoon fisheries is unregulated as there exist no quotas for com-
mercial fisheries and only daily bag limits to anglers that do not limit 
total annual harvest. Some regularly occurring marine species in the 
lagoons (e.g., herring and cod) are quota-regulated within the European 

Fig. 1. Overview of the study area with the various lagoons in northern Germany and locations (triangles) of the two largest cormorant colonies where cormorant 
pellets were collected for analysis of consumption patterns. Abbreviations of lagoons are shortcuts of local names of the lagoons and small inlets. SAB = Saaler 
Bodden, BOD = Bodstedter Bodden, G = Grabow, KB = Kubitzer Bodden, SB = Schaproder Bodden, VB = Vitter Bodden, WB = Wieker Bodden, BEZ = Bretzer 
Bodden, BEG = Breeger Bodden, KJB = Großer Jasmunder Bodden, KJB = Kleiner Jasmunder Bodden, S = Strelasund, GB = Greifswalder Bodden, P = Peenestrom, 
SH = Stettiner Haff. 
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Common Fisheries Policy. 
Our analysis compiled the best available data on commercial and 

recreational landings and of the removals by cormorants for the entire 
brackish waters in the lagoons around Rügen (Fig. 1). We chose the time 
period between 2011 and 2015 to aid data comparison, and supple-
mented our primary data collection with secondary data where appro-
priate. Hence, we analyzed a mix of publicly available data and primary 
data that we collected. 

2.2. Assessment of the recreational angling sector 

In the study area, recreational fishing is open access but anglers 
require a valid general fishing permit and an additional coastal fishing 
permit of M–V. Harvest reporting is not mandatory to anglers. There-
fore, no regular recreational catch statistics exist, and the landings by 
anglers must thus be estimated through randomized surveys. In 2014/ 
2015, we conducted a representative, nationwide survey using 
computer-assisted telephone interviews (CATI) followed by a 1-year 
paper-and-pencil diary study with quarterly follow-ups to collect rec-
reational fishing data (see Weltersbach et al., 2021 for details). The 
study approach by Weltersbach et al. (2021) in 2014/2015 followed an 
earlier telephone-diary study in the same region for the time period 
2006/2007 (Dorow and Arlinghaus, 2011). Both data sets contributed 
data to the present study. 

The CATI survey in 2014/2015 was designed to identify marine 
anglers in the German population including those fishing in coastal la-
goons and to recruit participants for the subsequent 1-year diary study 
intended to measure catch and effort. The CATI interviews were con-
ducted in nine out of 16 German federal states. For the other federal 
states, the angler incidences and angling effort were estimated using a 
set of reference federal states (Weltersbach et al., 2021). Random digit 
dialing was used to generate telephone numbers and contact house-
holds, with selection probabilities proportional to the number of 
households per municipality. Up to eight attempts were made to contact 
households, after that the telephone numbers were considered 
quality-neutral failures. Altogether 358,411 telephone numbers where 
generated yielding a gross random sample of 73,213 valid telephone 
numbers, and a net random sample of 50,200 telephone interviews was 
realized (68% screening response rate). Household size and number of 
recreational anglers in the household were determined. All people who 
had fished at least once in the lagoons around Rügen during the last 12 
months preceding the interview were defined as costal lagoon anglers. 

All these persons, and in addition those who intended to go fishing in 
the area within the next 12 months, were asked to participate in the 1- 
year diary study. To increase the number of participants, coastal fishing 
permit holders of M–V, who voluntarily provided their telephone 
numbers to participate in scientific studies, were additionally contacted. 
Permit holders who agreed to participate constituted an additional, non- 
representative boost sample. In the diaries, all anglers were asked to 
report every fishing trip over a one-year observation period. For every 
trip, they were instructed to record exact information about the fishing 
area, the platform used (private boat, charter boat, shore/beach), the 
target species and the number of fish caught, harvested and/or released 
(independent of whether they were undersized or not). The diaries 
offered visual and verbal stimuli to facilitate reliable records. To 
maintain the motivation to participate, retrieve diary data and to reduce 
recall and panel attrition bias the participants were repeatedly contacted 
by telephone at quarterly intervals during the entire one-year observa-
tion period. The data were collected between April 2014 and October 
2015 (Weltersbach et al., 2021). 

For comparison, data were grouped into two strata: resident anglers 
(resident in M–V) and non-resident anglers (resident outside of M–V but 
within Germany). Similar to Dorow and Arlinghaus (2011) a design 
weight was applied to adjust for nonresponse bias depending on the 
household size. Non-representative data from the boost sample were 
also weighted with the representative data from the CATI screener using 

an iterative proportional fitting approach (Battaglia et al., 2009; Gabler 
et al., 1994; for details on the weighting procedure, see Lucas, 2018; 
Weltersbach et al., 2021). Trip data were extrapolated to the total 
population collected by the CATI survey to produce an estimate of total 
catch or harvest per year separately for the resident and non-resident 
angler group. As this approach involved values from two random dis-
tributions, that is the total number of anglers in the population and the 
diary-based catches, the 95% confidence intervals around the extrapo-
lated catch and harvest figures were estimated using bootstrapping. 
Specifically, empirical catch data, derived from weighted diary data 
(including zero values), were summed separately for the resident and 
non-resident group. To that end, a normal distribution of total catch was 
constructed drawing from the summated catch data with replacement 
and the normal distribution of the total number of anglers including 
their associated mean and standard deviation of the distribution (N =
5000 samples per resident group). The resulting distribution from the 
5000 samples was used to calculate 95% confidence intervals. 

The estimation of the total numbers of anglers fishing in the coastal 
lagoons was based on selecting anglers from the nationwide sample that 
had reported to have fished at least one day in the past 12 months in the 
study area around Rügen. Similarly, catch estimation was based on diary 
data entries selecting only those trips that were conducted in the study 
area. 

To calculate total catch in kg of each species the number of harvested 
fish was multiplied with an average weight per species. The average 
weight per species was based on length data from a previous study 
examining recreational catches in the same coastal area (Dorow and 
Arlinghaus, 2011). The species-specific length-weight relationships 
were taken from www.fishbase.org (Lucas, 2018). 

2.3. Assessment of commercial landings 

Commercial fishers are obliged to report landing data by species and 
area either daily (boats > 8 m) or monthly (boats ≤ 8 m) to public 
control authorities. Commercial landing data for the coast of M–V for the 
years 2014 and 2015 were provided by the State Office for Agriculture, 
Food Safety and Fishery M–V (LALLF). For the purpose of our work, 
these data were assumed to be reliable, but underreporting and other 
issues may have occurred. 

2.4. Assessment of cormorant predation 

The number of cormorant breeding pairs was determined annually 
by specialists from a M–V ornithological working group under the di-
rection of the State Office for the Environment, Nature Conservation and 
Geology of M–V. The experts count the breeding pairs through one to 
two randomly selected sampling days during the breeding season. Non- 
breeding and non-resting birds are thus underrepresented. The results of 
all breeding colonies in M–V are summarized in official reports pub-
lished by LUNG (2017). From these data, we extracted the counts for the 
two key colonies around the lagoons shown in Fig. 1. Official data for the 
colonies around the island of Rügen were used as an estimate of the total 
number of breeding pairs in the years 2011–2015. 

To estimate consumption, cormorant pellets were collected monthly 
in the two largest cormorant breeding colonies near Rügen (Niederhof 
and Peenemünde, Fig. 1) from April until October in 2011 and 2012. 
Fishbones extracted from cormorant pellets were used for fish species 
identification. The original fish total length was estimated from bone- 
fish length equations, and the fresh weight of individuals was calcu-
lated from species-specific length-weight equations estimated separately 
from previously collected material. The overall cormorant diet by pellet 
was estimated by summing the numbers and estimated biomass of each 
fish species. The resulting estimate of the amount of fish consumed by 
the cormorants was based on the publicly available number of breeding 
pairs in all colonies around Rügen (LUNG, 2017). Predation by cormo-
rant chicks were also taken into account and their consumption 
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estimated separately from adults. To estimate total consumption, we 
used seasonal per day consumption estimates from the literature, which 
ranged in daily per-capita fish consumption from 350 g to 430 g during 
the period March to October for adults and from 250 g to 350 g for chicks 
during the period May to October (Carrs et al., 1997). The daily con-
sumption was extrapolated by the number of days the breeding birds 
stayed in the region following public counts. The estimated amount of 
fish eaten by the cormorants was distributed across the individual fish 
species following the biomass proportions estimated from the pellet 
investigations. 

2.5. Niche overlap among the three forager types 

We estimated the diet overlap following Berkes (1984) to compare 
the species distribution of commercial fisheries landings with those of 
resident and non-resident anglers as well as cormorants. Specifically, for 
all pair-wise comparisons we computed the simplified Morisita index as 
presented by Horn (1966): 

2
∑S

i=1xiyi

∑S

i=1
x2

i +
∑S

i=1
y2

i

,

where S = the total number of species caught, xi = the proportion of the 
total catch taken by “predator” x of a fish species i, and yi = the pro-
portion of the total catch taken by “predator” y of a given fish species i. 
The overlap coefficient varies from 0 when the catches are completely 
distinct (containing no species in common) to 1 when the catches are 
identical and hence trophic overlap is maximum (Berkes, 1984). 
Following Berkes (1984) we assumed an overlap index of more than 0.6 
to indicate substantial and practically relevant niche overlap, suggestive 
of high conflict potential among two foragers. We acknowledge this is 
arbitrary but it follows conventions in the literature. 

2.6. Stakeholder survey on the perceived issues and solutions to pike 
management 

We conducted a stakeholder survey to further our understanding of 
what issues and which parties were perceived as problematic and which 
solutions stakeholders preferred to address. The survey consisted of a 
short questionnaire with questions related to a model coastal fish spe-
cies, the northern pike. We assumed this species to be particularly tar-
geted by anglers and thus be a good indicator for how anglers perceive 
the impacts of commercial fishers, cormorants and other issues. Spe-
cifically, we asked “Please think about the current situation: How – 
positively or negatively – do the factors listed below affect the current 
stock size of pike in the Bodden area around Rügen?”. The five-point 
Likert-type response scale ranged from” 1 = very negative”, “2 =
negative”, “3 = neither/nor”, “4= positive” to “5 = very positive”. Items 
rated by each respondent included the key conflict parties and issues (e. 
g. commercial fishing, recreational angling, cormorant predation). 

Second, we asked respondents: “In your opinion, how suitable or 
unsuitable are the measures listed below to foster pike stocks around 
Rügen?” Items included harvest and other regulations as well as in-
terventions into the natural environment (e.g., habitat improvement). 
Responses to this question were measured using a five point Likert-type 
rating scale from 1= “very unsuitable”, 2= unsuitable, 3 = neither/nor, 
4= suitable, to 5 = “very suitable” to conserve pike stocks around 
Rügen. 

The questionnaire was administered through a snowball technique to 
both resident and non-resident anglers, guided anglers, guides, com-
mercial fishers and other stakeholders (e.g., scientists and agency staff). 
Data were further collected during angling exhibitions in Stralsund and 
Rostock, M–V, in 2019, and also through angling guides, achieving a 
total sample size of 258 completed questionnaires. We grouped the re-
spondents into four categories: (1) private anglers (n = 42), (2) anglers 

with a guide (n = 180), (3) angling guides (n = 13), and (4) other (n =
23, including 6 commercial fishers, 1 scientist, 2 water police officers, 4 
representatives of conservation agencies, 1 tourism representative, 4 
members of the fisheries authority, 1 canoeist, 2 fish wholesalers, 1 
producer of angling equipment, and 1 representative of an angling as-
sociation). The resulting data are not representative for any of the rep-
resented stakeholder group but they allow first comparative insights into 
the perceptions and beliefs held by the most committed stakeholders. 
We were particularly interested in learning whether a high trophic 
overlap of anglers with either fishers or cormorants would be mirrored 
in the attitudes of stakeholders towards the role of the specific group in 
stock development and whether the anglers perceived the specific 
possible competitor for fish to be adequately addressed by management. 
Given the ordinal nature of the dependent variables, we employed 
Kruskall-Wallis-tests (KW) and subsequent Dunn’s post-hoc tests and 
compared the average perceptions of the impact factors on the stock and 
attitudes to management solutions among guides, guided anglers, other 
anglers, and other stakeholders. As some of the groups had low sample 
sizes, we used a liberal p value of p < 0.10 in the post-hoc tests, but a p 
value of p < 0.05 for the global KW test. 

3. Results 

3.1. Development of recreational fisheries 

The total number of general fishing permits (which are issued only 
for residents of M–V and allow to use either inland or coastal waters 
depending on whether the permit holder buys a separate water-specific 
angling permit, Fig. 2) in the state of M–V rose from about 40,000 in the 
mid-1990s to close to 100,000 today, but has recently shown a satu-
rating pattern (Fig. 2). By contrast, the total number of coastal fishing 
permits required additionally to actually be able to fish at the coast of 
M–V (which can be bought by both resident and non-resident fishing 
permit holders) has substantially increased from about 40,000 in 1990 
to over 133,000 permits in 2017 (Fig. 2). After the peak in 2017, recently 
the number of coastal fishing permits has been declining to about 
120,000 coastal permits. 

Roughly, half of the coastal fishing permit holders in M–V also fished 
at least once in the brackish lagoons in 2013/2014. In this fishing sea-
son, an estimated 48,700 (95% CI 42,300− 58,000) anglers fished in the 
lagoon system around the island Rügen at least once (Table 1). A third of 
these anglers were residents in the state of M–V, i.e., the majority (70%) 
were non-resident anglers from other federal states. Resident and non- 
residents anglers combined exerted a fishing effort of about 390,000 
estimated angling days per year in the lagoon ecosystem in 2013/2014, 
of which the resident anglers contributed roughly half of the effort (47.4 
%, Table 1). 

Although the coastal fisheries of M–V, including the lagoon systems, 
have always attracted anglers, in particular the non-resident fishing 
interest has increased in recent years (Fig. 2). This can be inferred from 
the relative stability of general fishing permits of M–V (which exclu-
sively reflect resident fishing interest), while the number of coastal 
fishing permits (which can be bought by both resident and non-resident 
anglers) has strongly risen after the German reunification in 1990 
(Fig. 2). Further evidence can be derived from the official statistics of the 
tourism fishing permits that the state of M–V offers to persons lacking a 
general fishing permit (which in Germany requires passing an angling 
examination) and allowing them to fish for recreation in M–V for a 
restricted period of 28 days (Fig. 3). The permit numbers rose from less 
than 5,000 to more than 20,000 per year in about 10 years, and the bulk 
of this growth was due to non-resident tourists (Fig. 3). Today, the island 
of Rügen is a well developed angling destination with harbors, rental 
boats, and a professional guiding sector of about 50 part-time and full- 
time businesses offering recreational angling tours. 
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3.2. Development of commercial fisheries 

The commercial fishery along the coast of M–V is characterized by a 
few large trawlers mainly fishing for herring or cod, and a larger 
segment of small-scale fishers using passive gears along the coast and in 
the lagoons. The number of commercial fishers on the coast of M–V has 
decreased since the German reunification from 950 in 1990 to about 230 
full-time fishers in 2019 (Fig. 4). The decrease in coastal commercial 
fisher numbers is mainly related to declines in those operating full time, 
while the number of part-time fishers has initially been rising and has 
then stabilized at around 100 part-time fishers (Fig. 4). The decrease in 
full-time fishers was also visible for those fishers that also exploit the 
lagoons (Fig. 4). In 2015, 177 full-time and 65 part-time fishers were 
using the lagoon fisheries of Rügen at least once. Along with the 
decrease in fisher numbers, the annual commercial landings of fish of all 
species have decreased after 2008 both in the coastal fisheries in general 

and in the lagoons (Fig. 5). For example, the total landings from the 
lagoon fishery have decreased from 9,800 t in 2008 to 4,600 t in 2018. 
Excluding herring, however, we see that commercial landings within the 
lagoons have remained relatively stable over the period 1994–2019, i.e., 
despite reduced fisher numbers, the harvesting pressure has largely 
remained stable on inshore freshwater fish species (Fig. 5). 

3.3. Development of the cormorant population size 

The breeding pairs of cormorants on the coastline of Pomerania 
around the island of Rügen have shown exponential growth since the 
1950s and have somewhat stabilized with high interannual fluctuations 
in numbers since the 2000s (Fig. 6). The majority of the population is 
associated with the lagoons around Rügen (Fig. 6). For example, in 2015 
there were 13,031 breeding pairs on the coast of Pomerania, of which 
8,061 (67%) were foraging in the waters around Rügen. 

3.4. Fish removals by forager type 

In the season 2013/2014, recreational anglers removed a total of 966 
t of fish from the lagoon systems (Table 2), roughly equally distributed 
among resident and non-resident anglers. Herring and freshwater upper 
trophic level species like pike, perch and to a smaller degree pikeperch 
constituted the bulk of the angler harvest, but the relative ranking 
differed among resident and non-resident anglers. While pike (41% of 
the harvest), herring (36%) and perch (9%) were the three dominant 
species in the harvest of non-resident anglers, herring (35%), perch 
(25%) and pike (21%) were most relevant for resident anglers (Table 2). 

Across most species, recreational anglers only took a fraction of the 
fish as harvest and released the majority of fish either due to regulations 
(e.g., in the case of undersized fish) or because of ethical reasons. Be-
tween 2006/2007 and 2014/2015, the release rates substantially 
increased for all coastal fish except roach (Fig. 7). The increase in release 
rates was particularly high for pike (regulated via a minimum-size limit) 
and bream (no size limit in place), of which more than 60% of individual 
fish were released in the fishing season 2014/2015. The high release 
rates related mainly to freshwater fishes, while marine fishes, such as 
herring and garfish (Belone belone) or diadromous eel, were only rarely 
returned to the water (Fig. 7). The release behavior of non-resident and 
resident anglers was largely similar (Fig. 8). 

The average annual commercial fisheries landings in the lagoon 
ecosystems were around 5,300 t in the years 2014 and 2015 (Fig. 5, 
Table 2). The bulk of these landings was composed of herring (68%), 
followed by two freshwater cyprinids (bream and roach) with each 
about 10% of the total harvest. 

The removals by cormorants ranged in-between the removals by 

Fig. 2. General fishing permits (only for resident anglers) and coastal fishing permits issued in the German federal state of Mecklenburg-Western Pomerania (data 
source: LALFF). 

Table 1 
Origin, numbers and fishing effort of recreational anglers fishing in the lagoon 
system around the island of Rügen, Germany, in the fishing season 2013-2014 as 
estimated from a combined telephone-diary survey in 2014/2015 (Weltersbach 
et al., 2021). CI = confidence interval. n = estimated number of anglers or 
fishing days.   

Origin of anglers using the lagoon fisheries around Rügen 

Federal state n of 
anglers 

Lower 
95 % CI 

Upper 
95 % CI 

% of 
anglers 

n of days % of 
days 

Mecklenburg- 
Western 
Pomerania 

14,600 11,004 19,349 30.0 185,268 47.4 

Berlin 5949 3792 9330 12.2 31,627 8.1 
Saxony 5551 3501 8903 11.4 37,964 9.7 
Brandenburg 5118 3158 8290 10.5 24,083 6.2 
Saxony-Anhalt 3191 1736 5859 6.6 13,408 3.4 
Lower Saxony 2953 1560 5587 6.1 27,184 7.0 
Schleswig- 

Holstein 
2782 1435 5388 5.7 12,298 3.1 

Thuringia 2580 1308 5088 5.3 19,066 4.9 
Hamburg 1520 638 3618 3.1 9243 2.4 
North Rhine- 

Westphalia 
1428 584 3528 2.9 9762 2.5 

Bavaria 1269 494 3300 2.6 8678 2.2 
Baden- 

Württemberg 
793 246 2591 1.6 5423 1.4 

Hesse 634 174 2343 1.3 4339 1.1 
Rhineland- 

Palatinate 
317 56 1823 0.7 2169 0.6 

Bremen 0 0 1287 0.0 0 0.0 
Saarland 0 0 1239 0.0 0 0.0 
Total 48,686 42,257 57,961 100 390,512 100  
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Fig. 3. The tourist angling permits (28 days valid) sales in Mecklenburg-Western Pomerania (M–V) between 2005 and 2018 (data source: LALFF).  

Fig. 4. Number of commercial fishers operating in the coastal fishery of Mecklenburg-Western Pomerania (M–V) and specifically in the lagoon fisheries since the 
German reunification (1990) separated by main and part-time occupation. The number of fishers targeting fish in the lagoon fisheries indicates enterprises that 
reported at least one fish landed from the corresponding lagoon areas (data source: LALFF). 

Fig. 5. Total commercial landings (in 1,000 t) of coastal fisheries in M–V per year by species and for lagoon and non-lagoon areas (data source: LALFF).  
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commercial and recreational fisheries. The estimated total fish con-
sumption was on average 2,394 t per year in the years 2011 and 2012 
(Table 2). During this time, cormorants mainly consumed perch (26%) 
and roach (24%). Also, other smaller-bodied non-game species, such as 
stickleback (19%), gobids (7%) or ruffe (5.0%) were very important in 
the diet, collectively representing 32% of the biomass removed by cor-
morants. Among the freshwater predators pikeperch (10%) represented 
a substantial fraction of total biomass removals by cormorants, whereas 
pike was very rare in the diet of cormorants (0.3%). 

At the species level (Table 3), commercial fisheries were responsible 
for the majority (close to or above 50%) of the total removals for most of 
the marine and diadromous species, specifically herring, eel, sea trout/ 
salmon (due to possible misidentification lumped together), garfish and 
cod. Among the freshwater fish, commercial fishing was the primary 
source of mortality with close to or more than 50% of total removals for 
bream and pikeperch. Cormorants dominated the total removals of 
perch and roach, but also quite substantially contributed to the harvest 
of flatfish species and were primarily responsible for the removal of 
“other species” (non-game species like stickleback, gobies etc.). 
Together with rudd (whose harvest volume was overall small and highly 
likely biased due to species misidentification with roach), northern pike 
(77% of total removals) was the only species where the harvest by rec-
reational fisheries constituted the largest mortality source of the three 
forager groups we examined, particularly among non-resident anglers 
(Table 3). 

3.5. Trophic overlap 

The analysis of the trophic overlap index (Table 4) revealed that the 
species composition of commercial fisheries landings overlapped 
strongly with recreational fisheries harvest of both subgroups of anglers. 
Also, there was a strong overlap among resident and non-resident an-
glers in their foraging niche. By contrast, overlap of the foraging niche of 
commercial and recreational fisheries with cormorants was generally 
low and below the cut-off value of 0.6. 

3.6. Stakeholder perceptions of issues and solutions using the example of 
northern pike 

The survey revealed that recreational fishing guides, guided anglers, 
private anglers and other stakeholders (six of which were commercial 
fishers) significantly varied in what they perceived to be the main 
sources of negative influence on the pike population around the island of 
Rügen (Table 5). Guides and guided anglers perceived commercial 
fisheries as being the most negative factor for the pike stock, followed by 
natural predators (such as cormorants) and resident anglers. Private 
anglers had a different ranking about the sources of greatest negative 

impact: natural predators, commercial fisheries, non-resident anglers 
and finally resident anglers (Table 5). The ranking was again entirely 
different for the “other stakeholder” group, who considered non- 
resident anglers to have the greatest negative impact, followed by nat-
ural predators, resident anglers and finally commercial fisheries 
(Table 5). Post-hoc tests revealed that guided anglers perceived com-
mercial fisheries significantly more negative for the pike stock than 
private anglers and other stakeholders. The impact on pike of both 
resident and non-resident anglers was perceived as significantly more 
negative by the “other stakeholder” group compared to the angler 
groups (Table 5). Finally, the impact of natural predators such as cor-
morants on the pike stock was seen as least impactful by the “other 
stakeholder” group, but post-hoc tests failed to identify group-specific 
differences. 

The stakeholder groups also significantly differed in their attitudes to 
various management actions that targeted commercial fisheries, recre-
ational fishing or control of natural predators (such as cormorants) 
aiming to promote the pike stock. A few characteristic patterns emerged 
(Table 6). Anglers, both guided and private, considered actions to reduce 
commercial fishing mortality most suitable, followed by control of 
natural predators and control of recreational fishing. Guides also 
considered controls on commercial fishing to be the most well-suited 
approach, followed by implementation of annual recreational fishing 
quotas for pike and predator control. By contrast, the “other stake-
holder” group perceived controls of recreational fishing and commercial 
fishing as equally suited, followed by predator control. The attitudes 
towards increased control of commercial fishing were significantly less 
pronounced in the “other stakeholder” group compared to anglers and 
guides (Table 6). Also, both angler groups and guides perceived controls 
of recreational fishing mortality as significantly less suitable than the 
“other stakeholder” group (Table 6). Similarly, the reduction of natural 
predators was considered of higher suitability by the anglers and guides 
than by the “other stakeholder” group. 

4. Discussion 

Both study hypotheses were supported. We detected a high potential 
for conflicts among commercial and recreational fisheries due to strong 
trophic overlap. By contrast, limited trophic overlap was found for both 
fishery forms and cormorants when the entire species mix harvested by 
the foragers was analyzed. Yet, for individual species, individual for-
agers, either fishers, anglers, or cormorants, were dominating the total 
biomass removals, suggesting at the species-specific level the dominant 
forager may be perceived as forcing strong competition with others. 
Using the special case of coastal pike management, we also revealed that 
recreational fishers and recreational angling guides preferred the regu-
lation of commercial fishing and cormorants over the implementation of 
regulations for recreational fisheries. As the trophic overlap among 
anglers and natural predators was not high and anglers were responsible 
for the highest harvest of pike, the results suggest anglers were gener-
alizing perceptions that the other two forager types (commercial fish-
eries and cormorants) were more impactful than the anglers themselves 
across species and preferred to regulate the real or perceived competi-
tors for resources, similar to findings of other work in north-eastern 
Germany (Dorow and Arlinghaus, 2012) and beyond (Arlinghaus, 
2006). 

We found recreational angling interest has increased in coastal sites 
of M–V after the German reunification. On first sight, the pattern 
appeared broadly consistent with the life-cycle of inland fisheries (Cowx 
et al., 2010; Smith, 1986). The conceptual model predicts that with 
increasing economic development and wealth commercial fisher 
numbers decrease and recreational anglers increase. Today, 
non-resident anglers are more numerous than resident anglers on the 
coast of M–V, indicating the potential of angling tourism for regional 
development in the area (Dorow and Arlinghaus, 2009). Both groups of 
anglers, resident and non-residents, were found to preferentially remove 

Fig. 6. Number of cormorants (breeding pairs) on the coast of Pomerania over 
time, in total and specifically for the lagoons of the island of Rügen (Fig. 1). In 
the initial time series the lagoons were equivalent to total coastal numbers. 
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Table 2 
Compilation of total biomass removals (in metric tons) by recreational anglers, commercial fishers and cormorants across all lagoon fisheries around the island of Rügen. The recreational angler removals are presented 
separately for resident and non-resident anglers. Note that the “other” category of cormorants includes a range of smaller-bodied fish species of no commercial or recreational importance. The % of total by subgroup 
represent the relative frequency of species within any given forager population. The angler calculations are based on the combined telephone-diary survey and are thus expressed with confidence intervals (CI).  

Harvest (in t of biomass) in 2014/2015 Landings (in t of biomass) 
average 2014 and 2015 

Removals (in t of 
biomass) average 
2011 and 2012   

Resident anglers Non-resident anglers Recreational angling total Commercial 
fisheries 

Cormorants 

Species Latin name Total low 95 % 
CI 

up 95 % 
CI 

% of 
total 

Total low 95 % 
CI 

up 95 % 
CI 

% of 
total 

Total low 95 % 
CI 

up 95 % 
CI 

% of 
total 

Total % of 
total 

Total % of 
total 

Bream Abramis brama 6.5 0.0 22.6 1.4 6.4 2.2 12.1 1.3 12.9 3.5 29.6 1.3 573.2 10.7  0.0 
Cod Gadus morhua 0.0 0.0 0.0 0.0 0.9 0.0 2.5 0.2 0.9 0.0 2.5 0.1 2.4 0.0 1.8 0.1 
Dab Limanda limanda 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.6 0.0   
Eel Anguilla anguilla 0.8 0.3 1.7 0.2 0.6 0.0 1.7 0.1 1.4 0.5 2.7 0.1 21.5 0.4   
Flatfish spp. Various species1               70.7 2.8 
Flounder Platichthys flesus 0.6 0.2 1.2 0.1 3.8 1.5 7.0 0.8 4.4 2.0 7.7 0.5 29.8 0.6   
Garfish Belone belone 23.7 15.3 36.9 5.0 10.4 3.6 20.4 2.1 34.1 23.3 49.2 3.5 46.4 0.9   
Herring Clupea harengus 168.9 112.3 251.4 35.4 175.0 109.5 268.3 35.8 344.0 259.6 466.7 35.6 3,630.3 67.8 81.2 3.4 
Maraena Coregonus maraena 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 18.8 0.4   
Perch Perca fluviatilis 122.0 81.0 182.3 25.6 46.0 28.5 71.2 9.4 168.0 127.8 225.7 17.4 211.1 3.9 643.4 26.9 
Pike Esox lucius 101.3 71.3 147.1 21.2 202.0 154.9 267.2 41.3 303.3 239.0 395.2 31.4 79.5 1.5 8.2 0.3 
Pikeperch Sander lucioperca 42.5 29.3 61.5 8.9 39.3 23.9 62.4 8.0 81.8 61.4 111.5 8.5 277.7 5.2 238.2 10.0 
Plaice Pleuronectes platessa 0.1 0.0 0..4 0.0 1.9 0.0 6.4 0.4 2.0 0.0 6.7 0.2 0.0 0.0   
Roach Rutilus rutilus 8.7 3.4 17.1 1.8 2.7 0.9 5.2 0.5 11.4 5.7 19.6 1.2 454.8 8.5 584.8 24.4 
Rudd Scardinius 

erythrophthalmus 
0.8 0.1 2.3 0.2 0.2 0.0 0.6 0.0 1.1 0.2 2.5 0.1 0.0 0.0   

Salmon Salmo salar 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 2.1 0.0   
Sea trout Salmo trutta 0.9 0.0 2.6 0.2 0.0 0.0 0.0 0.0 0.9 0.0 2.5 0.1 1.8 0.0   
Turbot Scophthalmus maximus 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0   
Other 

species 
Incl. misidentified    0.0    0.0    0.0 4.1 0.1 765.52 32.0 

Total by subgroup (in t of biomass per 
year) 

477.0    489.2    966.2    5,354.3  2,393.8   

1 The four flatfish species (dab, flounder, plaice and turbot) were not easily separable in the cormorant pellets and are thus reported pooled within the cormorant diet. 
2 This group includes a range of small-bodied, commercially and recreationally irrelevant species such as stickleback (Gasterosteus aculeatus, 19%), gobies (Gobiidae, 7.4%), ruffe (Gymnocephalus cernua, 4,6%) and other 

species with small fractions. 
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Fig. 7. Comparison of the release rates reported in diaries of anglers in the lagoon fisheries around the island of Rügen in two different study periods (data for 2006/ 
2007 taken from Dorow and Arlinghaus, 2011). 

Fig. 8. Comparison of release rates by resident and non-resident anglers in the lagoon fisheries around the island of Rügen in 2014/15.  

Table 3 
Species-specific total removals and relative frequencies by recreational anglers (resident and non-resident shown separately and pooled), commercial fishers and 
cormorants in the lagoon ecosystems of M–V, Germany in the period 2011 to 2015 on average per year. For Latin species names, see Table 2.   

Overall removals (in t of biomass) Resident anglers Non-resident anglers Recreational anglers total Commercial fisheries Cormorants 
Species Total % of species total % of species total % of species total % of species total % of species total 

Bream 586.17 1.1 1.1 2.2 97.8 0.0 
Cod 5.07 0.0 17.3 17.3 47.2 35.5 
Eel 22.93 3.6 2.7 6.2 93.8 0.0 
Flatfish spp. 107.73 0.7 5.3 5.9 28.4 65.6 
Garfish 80.47 29.4 13.0 42.4 57.6 0.0 
Herring 4,055.44 4.2 4.3 8.5 89.5 2.0 
Maraena 18.81 0.0 0.0 0.0 100.0 0.0 
Perch 1,022.52 11.9 4.5 16.4 20.6 62.9 
Pike 390.96 25.9 51.7 77.6 20.3 2.1 
Pikeperch 597.73 7.1 6.6 13.7 46.5 39.9 
Roach 1,050.95 0.8 0.3 1.1 43.3 55.6 
Rudd 1.06 78.2 21.8 100.0 0.0 0.0 
Salmon 2.07 0.0 0.0 0.0 100.0 0.0 
Sea trout 2.69 34.3 0.0 34.3 65.7 0.0 
Other species 769.64 0.0 0.0 0.0 0.5 99.5  
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herring and otherwise focus on adults of upper trophic level fish in their 
harvest, as known for recreational anglers in general (Donaldson et al., 
2011). However, residents and non-residents differed in the relative 
ranking of freshwater species harvested: while piscivorous pike featured 
relatively high among non-residents, this species was of less importance 
to residents who instead focused on herring and omnivorous perch. 
These differences may reflect variation in culinary tastes but can also 
suggest differences in fish targeting behavior. Pike in general belongs to 
the main target species of German anglers and is also intensively tar-
geted in inland waters (Ensinger et al., 2016). Among non-residents the 
lagoons are particularly well known as a habitat for catching large pike 
(Koemle et al., unpublished), which might explain why pike was so 
prominent in the composition of the harvest among non-residents. Pike, 
perch and pikeperch are also prime recreational fishing targets in other 
areas of the Baltic Sea, e.g., in Sweden (Östman et al., 2013). 

Harvest composition does not equal general species preferences, 
because anglers are known to engage in voluntary catch-and-release 
behavior or are obliged to release fish for regulatory reasons. We 
found that the release rates of most freshwater fish targeted in the 
lagoon areas have increased over time, particularly pike, pikeperch and 
perch. The increase in release rates either indicates that key freshwater 
fish are today often targeted for non-consumptive reasons in the lagoons 

or that the fraction of undersized fish has increased, increasing regula-
tory catch-and-release practice. All three species just mentioned (i.e., 
pike, pikeperch and perch) are regulated by minimum-length limits and 
daily bag limits, such that increased regulatory catch-and-release might 
occur if the fish size declines due to high fishing mortality (Ferter et al., 
2013). The latter is more likely for pikeperch than for pike because 
pikeperch is heavily targeted by commercial fisheries and thus size 
truncation may occur in the region (Ahrens et al., 2020). By contrast, 
commercial landings of pike are low and anglers rarely catch fish below 
the minimum-size limit of 50 cm in the lagoons. Thus, the roughly two 
third release rate for pike are most likely due to voluntary releases of 
harvestable fish. Despite the high release rates, the total removals of pike 
by anglers were much larger than those by commercial fisheries. We 
thus conclude that anglers are today the major mortality factor for adult 
pike around Rügen. However, this is the only species for which anglers 
represent the bulk of total removals, for all others either commercial 
fishers or cormorants dominate. 

Supporting the life-cycle of fisheries, commercial fisheries numbers, 
at least those operating in full-time, have decreased over time in the 
lagoon fisheries of Rügen, suggesting decreasing profitability and other 
structural changes affecting the desirability of commercial fishing op-
erations (Döring et al., 2020). However, the number of part-time fishers 
has remained quite constant in the coastal and lagoon fisheries of M–V. 
Total commercial yields of quota-regulated fish (herring and cod) have 
decreased, while the yield of non-quota regulated freshwater fish has 
remained relatively stable in the lagoon fisheries. The latter indicates 
that the reduced numbers of commercial fishers have become more 
effective over time, and the relative stability of the lagoon fish yields for 
species other than herring does not support the idea of a dwindling 
commercial fishing pressure in the region. Yet, the bulk of the com-
mercial landings is composed of the low trophic level herring, which has 
been the “bread and butter” fish for the livelihood of commercial fishing 
in the region for centuries (Raillard, 2012). Commercial landings today 
still dominate the total removals for most marine and diadromous spe-
cies as well as selected cyprinids and salmonids, which reflects the 

Table 4 
Modified Morisita index of trophic overlap among three forager populations. 
Index values of > 0.6 are considered relevant and indicative of competition (in 
boldface).  

Foragers Group A Foragers Group B Overlap Coefficient 

Commercial fishers Cormorants 0.18 
Anglers (pooled) Commercial fishers 0.70 
Anglers (pooled) Cormorants 0.29 
Resident anglers Commercial fishers 0.72 
Resident anglers Cormorants 0.40 
Non-resident anglers Commercial fishers 0.65 
Non-resident anglers Cormorants 0.18 
Resident anglers Non-resident anglers 0.88  

Table 5 
Summary statistics for perceived factors influencing the pike stock in lagoons around the Island of Rügen answered by two groups of anglers, angling guides and other 
stakeholders using a five-point Likert-type scale (1 = very negative, 5 = very positive). Significances of Dunn’s post-hoc tests are indicated at the 10% level, where 
different letters indicate significant differences. K–W indicates the global Kruskall-Wallis-test for significant differences. * indicate level of significance (* p < 0.05, *** 
p < 0.001).   

Others (n = 23) Guided anglers (n = 180) Guides (n = 13) Private anglers (n = 42) K–W 

Factors mean sd mean sd mean sd mean sd P-value 

Commercial fisheries 2.45ac 0.69 1.65b 0.75 1.75bc 0.62 2.00c 0.79 *** 
Resident angling 2.32a 0.75 2.75b 0.70 2.42ab 0.67 3.03c 0.83 *** 
Non-resident angling 1.85a 0.67 2.94b 0.83 3.00b 0.95 2.62b 0.99 *** 
Abundance of natural predators 2.20 1.11 1.66 0.74 1.83 0.83 1.87 0.88 *  

Table 6 
Summary statistics for attitudes to management measures promoting the pike stock in the lagoons around the Island of Rügen by two groups of anglers, angling guides 
and other stakeholders, assessed on a five-point Likert-type scale (1 = very unsuitable, 5 = very suitable). Significances of Dunn’s post-hoc tests are indicated at the 
10% level, where different letters indicate significant differences. K–W indicates the global Kruskall-Wallis-test for significant differences. * indicate levels of sig-
nificance (** p < 0.01, *** p < 0.001).   

Other (n = 23) Guided anglers (n = 180) Guides (n = 13) Private anglers (n = 42) K–W  

mean sd mean sd mean sd mean sd P-value 

Commercial fishing regulations          
Introduce annual quotas for fishers 3.81a 1.03 4.51ab 0.86 4.67b 0.65 4.16b 1.26 *** 
Limit gillnets 3.59a 1.18 4.57b 0.75 4.55b 0.69 4.29b 0.90 *** 
Angling regulations          
Introduce annual quotas for anglers 3.80 1.24 3.74 1.10 4.09 0.70 3.45 1.33  
Limit number of anglers 3.53a 1.23 2.85a 1.11 2.50ab 1.18 2.22b 0.96 *** 
Introduce harvest tags 3.82a 1.19 3.85a 1.12 3.36ab 1.12 2.63b 1.33 *** 
Steer angling tourists 4.09a 0.61 3.32b 1.02 3.82ab 0.87 3.24b 1.34 *** 
Regulation of the natural environment          
Reduce predators 3.45a 1.32 4.25b 1.01 3.92ab 1.16 3.82ab 1.31 **  
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market value driven by the culinary preferences of the consumers. 
However, in recent times cyprinids are also sold as stocking material to 
angling clubs (Arlinghaus et al., 2015), which is creating a new market 
for commercial fishing of cyprinids. 

Our cormorant consumption study suggested that this species is an 
opportunistic feeder that mainly targets smaller-bodied species in pro-
portion to their abundance. This finding is mirrored by many diet studies 
of cormorants (e.g., Keller, 1995; Ovegård et al., 2017; Suter, 1997; 
Trayler et al., 1989; VanDeValk et al., 2002) and contrasts with the 
mainly adult fishes targeted by both commercial and recreational fish-
eries in the study area and in other areas of the Baltic Sea (Östman et al., 
2013). Cormorants around Rügen strongly preyed upon smaller-bodied 
non-game species, but the predation rates on some flatfish species, 
roach, perch and pikeperch were also high relative to the removals by 
anglers and commercial fisheries. Overall, however, low trophic prey 
species, such as roach, stickleback or gobies, dominated the cormorant 
diet, similar to the case in other Baltic areas (Östman et al., 2013). The 
dominance of roach and perch in the cormorant diet on the coast of 
Pomerania has also been shown in earlier studies (Preuß, 2002) and is 
well known from freshwater systems (Keller, 1995; Ovegård et al., 2017; 
Suter, 1997; VanDeValk et al., 2002). However, as the fish communities 
shift, also the cormorant diets shift. Accordingly, in recent times round 
goby (Neogobius melanostomus) has become the third most important 
food species of the cormorant in the lagoons (Oesterwind et al., 2017). 
Our work extended the earlier large-scale compilation of cormorant diet 
data by Hansson et al. (2018), by producing local estimates for the 
Rügen area. These estimates are important because most coastal fish 
have localized dynamics and thus local mortality caused by cormorants, 
e.g., on perch, can have far-reaching impacts on the productivity of a 
fishery, as shown recently in the Baltic Sea of Sweden (Veneranta et al., 
2020) and implied previously for selected Swedish sites (Östman et al., 
2013). Yet, because cormorants hunt smaller-bodied, often juvenile or-
ganisms, the trophic overlap with commercial and recreational fisheries 
was found to be rather low. 

This does not mean, however, that cormorants have no impact on the 
yield of selected species. Because small fish may eventually also recruit 
into the fishery, the indirect predation impacts of cormorants on species 
such as perch or pike in the Baltic Sea through consumption of juvenile 
fish can quickly escalate compared to when only the direct removal of 
biomass is considered (Östman et al., 2013). Östman et al. (2013), for 
example, calculated that in one of the two sites they studied the direct 
predation impact by cormorants on perch rose from about 10% to 34% 
lost yield when indirect impacts through the selective predation on 
small, juvenile fish were considered. Because the cormorants around 
Rügen consumed large quantities of (juvenile) roach and perch, 
following the calculations of Östman et al. (2013), we assume that re-
ductions of fisheries yields are very likely relevant for these species, in 
contrast to, for example, pike, which very rarely occurred in cormorant 
diets around Rügen. 

Our work revealed large potential for conflict among commercial 
and recreational fisheries and among resident and non-resident anglers 
originating from high trophic overlap as a consequence of similar species 
preferences. The potential for conflict is fueled by the dominance of total 
removals of specific fish by one sector, showing the following charac-
teristic pattern: commercial fisheries dominated the removals of marine 
and diadromous fish, commercially and recreationally valuable pike-
perch and generally less valuable lower trophic cyprinids, while angler 
harvest dominated for pike. The perception by anglers that commercial 
fisheries may affect their well-being negatively through excessive har-
vest was therefore corroborated. Further aggravating the conflict, some 
of the interviewed stakeholders believed that the recent quota re-
ductions in the commercially very attractive herring and cod fisheries 
(ICES, 2020a, 2020b) may have enhanced commercial fishing pressure 
on freshwater coastal fish in M–V that are also desired by anglers (Vogt, 
2020). The stakeholder survey data of our model species coastal pike 
confirmed that anglers negatively perceived commercial fisheries and 

also cormorants as having a strong negative impact on the pike stock. 
This finding is noteworthy as our removal statistics showed that spe-
cifically for pike anglers were by far the largest source of mortality. This, 
however, seems not to be known or appreciated by anglers, who instead 
believed that commercial fishing and cormorants had greater negative 
impacts and should be preferentially regulated. These findings mirror 
research in other recreational fisheries, which repeatedly found that 
anglers tended to perceive other resource users to be more impactful and 
in need of greater regulation than the anglers themselves (Arlinghaus, 
2006; Dorow and Arlinghaus, 2011). 

We found limited trophic overlap among commercial/recreational 
fisheries and cormorants and a very low relative mortality induced by 
cormorants on pike. Yet, anglers and guides considered control of cor-
morants to be important for the improvement of the pike stocks. This 
finding generally agrees with earlier work that has shown that anglers 
have quite negative perceptions of cormorants (Dorow et al., 2009), 
even if the species often consumes organisms of little fisheries value. 
Two reasons may explain this phenomenon. First, anglers might not be 
aware that cormorants preferentially forage on species and size classes 
that are not the targets of anglers. Second, as elaborated above, 
cormorant predation on smaller size classes may still affect target stock 
size and yield potential of selected species that are predominantly or 
heavily consumed by cormorants, such as perch (Östman et al., 2013, 
2016; Veneranta et al., 2020) or pikeperch (Mustamäki et al., 2014), 
where the removal of juveniles might affect recruitment into the fishery 
(Winkler et al., 2014). Thus, although appearing as a conflict fueled 
primarily by erroneous beliefs about the trophic niche of cormorants at 
first sight, it might well be that for selected species cormorants do have a 
negative impact on fishing quality and that the resulting aversion by 
fishers and anglers may indeed have an empirical underpinning. These 
species are likely to encompass the freshwater coastal species pikeperch 
(Winkler et al., 2014) and perch (Östman et al., 2013; Skov et al., 2014; 
Veneranta et al., 2020), and less likely pike, although more studies are 
needed to corroborate this speculation for the Rügen area. 

A few limitations of our study should be taken into account when 
interpreting the results. First, the commercial and recreational landings 
data depend on self-reports. Although the commercial landings data are 
also monitored by the authorities, illegal, unregulated and unreported 
landings are still possible (Sampson, 2011), which would likely lead to 
conservatively biased commercial landing estimates. Data entries in the 
diaries used to estimate recreational fisheries catches may also be un-
reliable or biased (e.g., as a result of over- or underreporting for several 
reasons, Hartill and Edwards, 2015). Regarding cormorants, the total 
consumption is likely an underestimate as the sampling did not cover 
non breeding birds. Second, the mortality induced by the three forager 
types might be larger than assessed in our work due to post-release and 
by-catch mortality (Kerns et al., 2012). Third, some species may have 
been misidentified (Chizinski et al., 2014) and mistakenly classified 
(which is likely to happen in the case of, e.g., roach/rudd, flatfish, 
sprat/herring or sea trout/salmon). In consequence, some of the data 
might be biased. However, this effect is unlikely to be relevant for 
roach/rudd as rudd is rarely present in the lagoons around Rügen. 
Fourth, we derive the impact of the three forager populations by 
removal estimates in terms of biomass. Clearly, cormorants in particular 
differ from human fisheries in that they tend to target smaller-bodied 
organisms, which are still under strong compensatory mortality regu-
lation (Allen et al., 1998). Therefore, catch in numbers may be consid-
erably higher than catch in weight. The true relative impact of the three 
forager types can only be revealed by constructing fish population 
models with appropriate density-dependence to see whether elevated 
mortalities in certain life stages have population-level consequences. As 
a further limitation, our stakeholder survey was not representative of the 
total population of lagoon anglers and likely reflected the views of the 
most involved and avid anglers, which might have biased the results 
(Connelly et al., 2000). It has previously been reported that convenience 
samples may reveal different preferences and attitudes to management 
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than random samples of anglers (Hunt et al., 2010). Specifically, we 
assume that more avid, specialized anglers were overrepresented in the 
sample, who have been shown before to differ in their perceptions of 
fishery developments and preferences (e.g., Dorow and Arlinghaus, 
2012). Nonetheless, aversion of anglers in relation to both commercial 
fisheries and cormorants seems to be commonplace among the majority 
of German anglers as has been repeatedly shown using different forms of 
surveys (Arlinghaus and Mehner, 2003; Arlinghaus, 2006; Brehens et al., 
2008; Dorow et al., 2009). Thus, despite the non-representative nature 
of our stakeholder survey, we assume that our main conclusions are 
robust. Yet, stakeholder surveys using probabilistic sampling designs are 
needed in the future to test whether our results extend to the population 
level. Finally, a limitation of our niche overlap index is that it only 
represented the composition of the fish consumption, not the absolute 
amount of resource removal by each forager. Therefore, it is possible 
that two foragers show little dietary overlap overall, but given unequal 
species-specific amounts of resource extraction one forager might still be 
competitively affected by another despite low trophic overlap. For this 
reason, we presented both the total resource extractions and the 
breakdown by species and forager type of total removals and the dietary 
overlap. Noting that the total and relative resource removals by cor-
morants were substantial for selected species (i.e., species that are also 
of large commercial and recreational importance like perch and pike-
perch), our findings of overall limited overall niche overlap should not 
be misinterpreted as total absence of negative impact of cormorant 
predation on either commercial or recreational fisheries. Quite the 
contrary, the perch and pikeperch yield lost to cormorant predation may 
be similarly relevant on the German Baltic coast as previously reported 
for certain sites in Sweden (Östman et al., 2012, 2013). Therefore, 
further work in this area is warranted. Equally important is more work 
on the relative population dynamical consequences of commercial and 
recreational fisheries on key species targeted by both user groups (e.g., 
perch, pikeperch or pike). 

5. Conclusions and implications 

Our work has shown that there is a solid basis for conflict in terms of 
competition for the same resources among commercial and recreational 
fisheries in the Rügen area and among resident and non-resident anglers. 
Therefore, reported conflicts among these stakeholders (Vogt, 2020) are 
backed up by objective data. The potential for conflict is aggravated by 
the fact that there is often one fishery form that strongly dominates the 
total removals for a given species or species group. With the exception of 
pike, where anglers take by far the largest fraction, many other valuable 
fish such as pikeperch and marine and diadromous species (eel, salmo-
nids) are primarily taken by commercial fisheries in the study area. 
Thus, despite the decline in commercial enterprises in the Rügen lagoon 
fisheries over time and a rise of recreational angler numbers, specifically 
non-resident anglers, commercial fisheries continue to dominate the 
total fish extraction for many fish species. This can be perceived as goal 
interference and explain the negative attitudes of anglers towards 
commercial fisheries in the region. The high trophic overlap among 
commercial and recreational fisheries further fuels the perception of 
anglers that commercial fisheries are heavily impacting on target stocks. 
We thus conclude that the conflict among commercial and recreational 
fisheries is not just perceptual in nature, but has also an empirical basis 
related to the competition for fish. In most cases, where commercial 
fishing yield dominates the harvest, anglers may be inferior competitors. 
The situation is different for pike, but this conflict is asymmetric as only 
few commercial fishers are complaining about declining pike catches 
and do not perceive anglers as a direct competitor for pike (Vogt, 2020). 
Clearly, there are other reasons than direct competition for fish that will 
additionally feed into the conflict among commercial and recreational 
fisheries in the region, for example issues of distributional justice (Vogt, 
2020). 

Our study also revealed that there is a strong conflict among anglers 

and cormorants, which is supported by related social science research in 
the region (Vogt, 2020). This conflict cannot be explained by a strong 
trophic overlap among commercial and recreational fisheries and cor-
morants. Instead it may be explained by species-specific effects of cor-
morants on valuable species such as perch, pikeperch and perhaps pike 
and that anglers had a negative perception of cormorants in general, but 
further population dynamic research and discourse analysis is war-
ranted. Conflicts reduce the satisfaction of the involved parties and thus 
should be proactively managed (Arlinghaus, 2005). Managers can use 
tools such as spatial or temporal zoning, allocation of fish stocks, 
cormorant culling and control, and improved communication and in-
formation to manage these conflicts (Redpath et al., 2013). Some of 
these actions will be difficult to implement for social or legal reasons (e. 
g., cormorant control or zoning) and may also be constrained by deeply 
engrained stakeholder aversions. Therefore, building trust between the 
different stakeholder groups through improved communication will be a 
key to address the conflict in the region. 
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