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Abstract: The population of the continental race of the great cormorant (Phalacrocorax
carbo sinensis) has significantly increased over the last few decades due to legal protection.
This rise has led to intense conflicts with fishing interests because of the bird’s fish-eating
habits. Effective conflict management requires an understanding of public attitudes. We
collected data through interviews with 260 residents (50 fishers and 210 members of the
general public) to examine the endorsement and prioritization of strategies to manage
great cormorants in a fishery in northern Greece. First, we asked respondents to state
their endorsement of implementing each of six management strategies, with possible
responses being “endorsed” or “not endorsed.” Then, we asked them to select the one
they would prioritize among the six strategies for implementation. The most endorsed
management strategy among all residents was using nets to cover fish wintering channels
(85.7%), followed by compensation for damage (66.7%), scaring devices (66.0%), destruction
of breeding colonies (33.3%), taking no action (26.3%), and killing birds (20.7%). Taking
no action was more endorsed by the general public, while scaring, colony destruction,
and killing were more endorsed by fishers. Nets for cover were the most prioritized
management strategy among all residents (47.3%), followed by compensation (29.3%),
scaring (11.4%), taking no action (6.0%), colony destruction (4.0%), and killing (2.0%).
Fishers prioritized nets for cover, colony destruction, and killing more than the general
public, who prioritized taking no action, compensation, and scaring. These findings will be
valuable for informing the management process of the great cormorant-fishery conflict.

Keywords: aquatic predator; attitudes; questionnaire survey; wildlife management;
Phalacrocoracidae

1. Introduction

The great cormorant (Phalacrocorax carbo), hereafter referred to as cormorant, is a
top aquatic predator specializing in fish [1]. It has a wide distribution, inhabiting all
continents except South America and Antarctica [2], and its global population is currently
increasing [3]. Cormorant populations experienced significant reductions or became extinct
in many European countries during the 19th century [4]. Conservation measures initiated
in the 1970s led to a gradual increase in the European cormorant population, which reached
about 370,000 breeding pairs and 700,000 wintering individuals in the 2010s [5,6]. The
growth in cormorant populations, along with their fish-eating habits, has caused conflicts
with fishery interests across Europe [7,8]. The diet and foraging ecology of cormorants have
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been extensively studied, and numerous studies have estimated the potential damage to
fisheries (e.g., [9-12]). In contrast, public attitudes toward the management of cormorants
have not been thoroughly examined [13,14]. It is essential to incorporate human dimensions
into conflict management plans, alongside studies of bird ecology and biology [15,16].

Cormorant predation may negatively affect the health and structure of fish populations,
although interactions between cormorants and their prey are complex [17]. The impact can
be significant in areas with high fish concentrations, such as stocked fishponds, aquaculture
facilities, and wintering channels, because cormorants are opportunistic predators drawn
by prey abundance [12,18-20]. This has resulted in complaints from fishery professionals
and the implementation of management strategies to minimize economic losses [21]. Such
strategies include compensation for economic losses, using netting and lines to deter
bird landings, employing scaring devices, preventing breeding, and killing birds [22].
Compensation can be a bureaucratic process that is not always accessible, and it can be
difficult to prove losses [23]. The use of scaring devices and covering smaller areas, like
fishponds, aquaculture tanks, and wintering channels, with netting and wires can be
costly but may prove effective [22,24]. However, birds may become accustomed to scaring
devices and learn to navigate around netting and land between overhead lines [22,24,25].
Fish-eating birds, along with other non-target species, may collide with lines or become
entangled in netting, resulting in injury or death. Proposals to eliminate gaps and enhance
the visibility of gear have been suggested as measures to reduce fish losses and protect
birds [25,26]. Culling cormorants has also proven effective locally, but achieving lasting
results requires ongoing efforts across a broader area, as nearby cormorants will often
resettle [27-30]. The endorsement and prioritization of management strategies vary among
stakeholders. The general public typically favors taking no action and non-lethal methods,
while stakeholders whose livelihoods are threatened, such as farmers, hunters, and fishers,
often lean towards endorsing damage management strategies, including lethal ones [31-38].

Worldviews of nature and wildlife, especially the stewardship ethic and anthropocen-
tric dominance worldviews, are important predictors of the endorsement of wildlife conser-
vation and management strategies. The stewardship ethic worldview regards nature and
wildlife with spiritual reverence and ethical concern, whereas the anthropocentric domi-
nance worldview promotes human superiority and control over nature and wildlife [39].
The stewardship ethic worldview generally correlates with greater support for wildlife con-
servation and non-lethal methods, while the anthropocentric dominance worldview often
aligns with support for hunting and lethal management strategies [40—44]. Demographic
factors such as age, gender, and education frequently predict attitudes towards wildlife
conservation and management [32,44,45]. Typically, younger individuals, females, and
those with higher education levels support wildlife conservation and oppose lethal damage
management strategies, while older individuals, males, and those with lower education
levels tend to endorse all strategies, including lethal ones [32,44,46,47].

Following the European trend, the Greek population of the cormorant, belonging to the
continental subspecies P. c. sinensis, has also risen, reaching approximately 7000 breeding
pairs and 44,000 wintering individuals in the 2010s [6,48]. Significant fish losses have been
reported in regions with commercial fisheries, causing substantial economic impacts for
professional fishers [9,12,18,49]. This negative impact has fostered unfavorable attitudes
toward cormorants and demands for state protection and support [18,50]. Understanding
the endorsement and prioritization of wildlife management strategies among stakeholders
is crucial for the success of any management plan [15,16]. Thus, this study aimed to identify
the endorsement and prioritization of managing cormorants among key stakeholders,
specifically the fishers of one of Greece’s largest fishery communities, as well as the general
public. Furthermore, we sought to investigate how worldviews of nature, such as the
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stewardship ethic and anthropocentric dominance, and demographic characteristics like
age, gender, and education, might influence the endorsement of management strategies
among both fishers and the general public. This information would enable state wildlife
managers to make informed decisions about protecting fish stocks and the income of fishers.

2. Materials and Methods
2.1. Study Area

This study was carried out in the prefectures of Xanthi and Rhodope, Thrace, northern
Greece (Figure 1), with a population of about 238,000 people, having 51.4% female/48.6%
male and 27.1% higher and 72.9% lower education ratios [51]. Cormorants overwinter in
the area’s lakes and lagoons in considerable numbers, ranging from 1000 birds in October
to over 10,000 birds in November—January [18,52]. The target species uses four major sites
for roosting in the area [18] (Figure 1). The local fishery, one of the most productive in
Greece, is run by the Vistonis Fishing Cooperative, which has 52 members. The fishery
is managed through the use of permanent barrier fish traps and wintering channels. The
annual catch in different lakes and lagoons ranges from 40 to 230 kg ha™!, totaling between
600 and 700 tn [18]. Commercially important species include the flathead gray mullet
(Mugil cephalus), golden gray mullet (Chelon auratus), thicklip gray mullet (Chelon labrosus),
thinlip gray mullet (Chelon ramada), big-scale sand smelt (Atherina boyeri), European seabass
(Dicentrachus labrax), gilthead seabream (Sparus aurata), and European eel (Anguilla anguilla).
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Figure 1. Map of the study area indicating the location of the Vistonis Fishing Cooperative and the
major roosts of the great cormorant [18].

2.2. Sampling Procedure

Face-to-face surveys with residents and fishers over 18 years old were conducted to
collect data on the endorsement of strategies for managing cormorants. Prior to the survey,
the questionnaire was tested for clarity and completion time (n = 10 residents, 7 fishers).
We visited most neighborhoods in villages, towns, and cities within the study area to
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increase the representativeness of the survey. Each time, the fifth person encountered by the
researcher (C.K.) was selected for participation in the survey. Fishers were contacted at the
head office of the Vistonis Fishing Cooperative. Respondents completed the questionnaire
independently (respondent-completed survey; [53]). The average time for questionnaire
completion was estimated at 30 min.

2.3. Survey Questionnaire Design

The questionnaire comprised three sections. The first section included questions
assessing the endorsement of six management strategies for reducing the impact of fish
predation by cormorants: taking no action, providing compensation, using scaring devices,
covering wintering channels with nets, destroying cormorant breeding colonies, and killing
cormorants (see Table S1 for data). Possible responses were “endorsed” or “not endorsed”.
Respondents also indicated their most prioritized strategy among the six options.

In the second section of the questionnaire, respondents were asked about their stew-
ardship ethic and anthropocentric dominance worldviews of nature using a six-item short
version of the New Ecological Paradigm (Table 1, see Table S1 for data) [39]. Responses
to the worldview statements were measured on a 5-point scale: “strongly disagree” (1),
“disagree” (2), “neither” (3), “agree” (4), or “strongly agree” (5).

Table 1. Variables used for predicting endorsement and prioritization of great cormorant management
strategies. Mean, SD, minimum, and maximum values are given separately for fishers (n = 50) and
the general public (n = 210).

Variable Definition Occupation Mean SD Min Max
Worldview dimension Fisher 4.248 0.807 1 5
Stewardship ethic (1 = strongly disagree, 2 = disagree, .
3 = neither, 4 = agree, and 5 = strongly agree). General public 4.595 0.704 1 5
) Worldview dimension (1 = strongly disagree, Fisher 2.204 1.088 1 5
AnthroPocentrlc 2 = disagree, 3 = neither, 4 = agree, and L oubli ”s . .
dominance 5 = strongly agree). General public 283 1.343 5
Perception of great Fisher 0.667 0.474 0 1
cormorant 1 =it has increased and 0 = it is stable. .
population status General public 0.205 0.404 0 1
Age Years of ave Fisher 48.922  13.524 25 80
& g General public  46.757  16.570 18 89
Gender 1 = female and 0 = male Fisher 0.000 0.000 0 0
(all fishers were male). General public 0.514 0.501 0 1
. . _ Fisher 0.122 0.329 0 1
Level of education 1= higher and 0 = lower. General public 0271 0446 0 1

The third section included sociodemographic questions regarding respondents” age
(in years), gender (female or male), educational level (higher, university education; lower,
elementary or high school education), and their perception of the cormorant population
status in their area (it has increased or it is stable) (Table 1, see Table S1 for data).

2.4. Data Analysis

The variance inflation factor (VIF < 5) and Spearman correlation (rs < 0.7) were utilized
to assess multicollinearity among predictor variables. All VIFs were below 1.681, and
correlations were under 0.491; therefore, all variables were included in the models.

The two worldviews were validated using confirmatory factor analysis. A Cronbach’s
alpha greater than 0.7 was used to assess if the statements included in the factors reliably
measured the theoretical constructs [54]. Five indicators were used to assess model fit:
x°/df < 3, comparative fit index (CFI) < 0.95, goodness-of-fit index (GFI) < 0.90, normed
fit index (NFI) < 0.95, and root mean square residual (RMR) < 0.08 [55].
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Generalized linear models (binomial distribution with logit link function) were fitted to
assess the effect of worldviews and sociodemographics on the endorsement of management
strategies. Differences in endorsed and prioritized strategies among all respondents were
assessed using the chi-squared goodness-of-fit test, while differences in prioritized strate-
gies between fishers and the general public were examined with chi-squared contingency
tables [56].

Generalized linear models and chi-squared tests were carried out using SPSS Statistics,
and confirmatory factor analysis was performed with SPSS Amos statistical software
(version 21.0, IBM Corp. (Armonk, NY, USA), 2012).

3. Results
3.1. Demographics and Worldviews

Information on the sample’s demographic characteristics is given in Table 1, separately
for fishers, who were all male, and the general public. The general public’s gender ratio
(51.0% female, 49.0% male) was not significantly different from the studied population’s
(51.4% female, 48.6% male; x% = 0.002, df = 1, p = 0.906) [51]. The general public’s ed-
ucational level ratio (14.3% higher, 85.7%) was significantly different from the studied
population’s (27.1% higher, 72.9% lower; x> = 27.777, df = 1, p < 0.001) [51].

Confirmatory factor analysis determined that the data fit well to the theoretical con-
structs for fishers (x?/df = 2.993, RMSEA = 0.040, NFI = 0.988, CFI = 0.995) (Table 2).
Also, the internal consistency of fishers’ stewardship ethic (« = 0.794) and anthropocentric
dominance (x = 0.711) worldviews was acceptable.

Table 2. Reliability and confirmatory factor analysis (CFA) of fishers’ (n = 50) worldview statements.

CFA Reliability Analysis
Worldview Statements Mean ? SD Factor Item Total Alphalfltem Cronbach’s
Loadings Correlation Deleted Alpha
Stewardship ethic 0.794
Humans must live in harmony with nature
. . 4.657 0.544 0.653 0.643 0.781
in order to survive.
The balance of nat.ure is very delicate and 4233 0.887 0.717 0.684 0.699
easily upset.
When humans 1pterfere with nature, it 3.856 0.989 0.767 0721 0771
often produces disastrous consequences.
Anthropocentric dominance 0.711
Humans have the right to modify the 2000 1102 0.573 0.756 0.702
natural environment to suit their needs.
Humankind was created to rule over the 2156 1.059 0.731 0.555 0.693
rest of nature.
Plants and animals exist primarily to be 2 456 1103 0.766 0613 0.645

used by humans.

@ Range: 1 (strongly disagree)-5 (strongly agree).

Confirmatory factor analysis determined that the data fit well to the theoretical con-
structs for the general public (x?/df = 2.997, RMSEA = 0.043, NFI = 0.975, CFI = 0.988)
(Table 3). Also, the internal consistency of fishers’ stewardship ethic (x = 0.788) and
anthropocentric dominance (x = 0.737) worldviews was acceptable.
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Table 3. Reliability and confirmatory factor analysis (CFA) of the general public’s (n = 210) worldview

statements.
CFA Reliability Analysis
Worldview Statements Mean ? SD Factor Item Total  AlphaIf Item  Cronbach’s
Loadings Correlation Deleted Alpha
Stewardship ethic 0.788
Humans must live in harmony with nature
. . 4.795 0.604 0.801 0.659 0.704
in order to survive.
The balance of nature is very delicate and 4629 0.638 0771 0.719 0.692
easily upset.
When humans 1.nterfere with nature, it 4362 0.871 0.675 0.685 0.770
often produces disastrous consequences.
Anthropocentric dominance 0.737
Humans h.ave the right t(? mO(.ilfy the 2086 1321 0.658 0.666
natural environment to suit their needs.
Humankind was created to rule over the 2076 1.299 0.654 0.710
rest of nature.
Plants and animals exist primarily to be 2 686 1.410 0915 0.692

used by humans.

2 Range: 1 (strongly disagree)-5 (strongly agree).

3.2. Endorsement and Prioritization: Fishers Versus the General Public

Overall, the use of nets to cover fish wintering channels was the most endorsed
management strategy (85.7%), followed by compensation for damage (66.7%) and use
of scaring devices (66.0%), while killing birds (20.7%), taking no action (26.3%), and de-
stroying breeding colonies (33.3%) were the least endorsed strategies (x* = 210.733, df = 5,
p < 0.001). Taking no action was more endorsed by the general public (mean 0.319 & 0.032
SE) than by fishers (0.133 £ 0.041; p = 0.001) (Table 4, Figure 2). Scaring (p < 0.001), colony
destruction (p < 0.001), and killing (p < 0.001) were more endorsed by fishers (0.911 & 0.034,
0.733 £ 0.053, and 0.378 £ 0.058, respectively) than by the general public (0.552 & 0.034,
0.162 £ 0.025, and 0.133 =+ 0.024, respectively).

Table 4. Logistic regression models (odd ratios) of occupation’s ability to predict the endorsement of
strategies for managing fish predation by the great cormorant (n = 260).

Occupation (Fisher) Nagelkerke R?
No action 0.328 ** 0.058
Compensation 0.868 0.001
Cover 2.050 0.020
Scaring 8.306 *** 0.180
Colony destruction 14.235 *** 0.365
Killing 3.946 *** 0.108

= <0.01; ** p < 0.001.

The use of nets for cover was the most prioritized among the management strate-
gies by the respondents (47.3%), followed by compensation (29.3%), while killing (2.0%),
colony destruction (4.0%), and taking no action (6.0%) were the least prioritized strategies
(x? = 291.360, df = 5, p < 0.001) (Figure 3). Between groups, the use of nets for cover,
colony destruction, and killing were more prioritized by fishers (54.4%, 5.6%, and 4.4%,
respectively) than the general public (44.3%, 3.3%, and 1.0%, respectively), while taking no
action, compensation, and scaring were more prioritized by the general public (7.6%, 30.5%,
and 13.3%, respectively) than fishers (2.2%, 26.7%, and 6.7%, respectively) (x? = 11.833,
df =5, p =0.037).
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Figure 2. Endorsement (%) by fishers (n = 90) and the general public (n = 210) of strategies for
managing fish predation by the great cormorant. Different letters between the two groups in each
strategy denote a statistically significant difference (logistic regression; p < 0.05).
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Figure 3. Prioritization by fishers (n = 50), the general public (n = 210), and overall (n = 260) of
strategies for managing fish predation by the great cormorant.

3.3. Effects of Demographics and Worldviews on the General Public’s Perceptions

Respondents, members of the general public group with a higher stewardship ethic,
endorsed colony destruction (p = 0.002) and killing (p = 0.027) less than respondents with a
lower stewardship ethic (Table 5). Respondents with higher anthropocentric dominance
worldviews endorsed colony destruction (p = 0.014) and killing (p = 0.007) more and the use
of nets for cover (p = 0.011) less than respondents with lower anthropocentric dominance
worldviews. Respondents who believed that the local cormorant population had increased
endorsed compensation (p = 0.016), scaring (p = 0.023), and colony destruction (p < 0.001)
more and taking no action (p = 0.030) less than respondents who believed that the local
cormorant population remained stable (Table 5, Figure 4a). Respondents with higher
education endorsed the use of nets for cover more (p = 0.003) and colony destruction
(p = 0.038) and killing (p = 0.043) less than respondents with lower education (Table 5,
Figure 4c).
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Table 5. Logistic regression models (odd ratios) predicting the general public’s (n = 210) endorsement
of strategies for managing fish predation by the great cormorant.

Endorsed Stewardship Anthropocentric Population Gender  Education Nagelkerke
(%) Ethic Dominance (Increased) 8¢ (Female) (Higher) R?

No action 319 0.911 1.091 0317 * 1.008 0.827 0.622 0.089
Compensation 67.6 0.893 1.048 2.928 * 0.995 1.735 1.726 0.081
Cover 83.3 1.085 0.869 * 0.757 1.008 1.739 3.579 ** 0.118
Scaring 55.2 0.852 1.002 1.964 * 0.997 0.769 1.367 0.068
Colony destruction 16.2 0.685 ** 1.241* 5.148 *** 1.000 1.77 0.248 * 0.251
Killing 13.3 0.780 * 1.329 ** 1.733 0.986 0.663 0.255* 0.171

*p <0.05;** p <0.01; *** p < 0.001.

1.0 q

B Increased
w Stable

o o4 e
IS = =)
L L L

Acceptability (Mean + SE)

o
)
L

0.0
No action  Compensate Cover Scare  Destroy colony Kill

1.0 -

(b) a

a m Female
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N o -
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L L L
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o
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= Higher
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o o o
~ o ©
L

Acceptability (Mean + SE)

o
N
L

0.0

No action  Compensate Cover Scare  Destroy colony Kill

Figure 4. Effect of perceived population status (a), gender (b), and educational level (c) on the
endorsement (mean =+ SE) by the general public (n = 210) of strategies for managing fish predation
by the great cormorant. Different letters between two groups in each strategy denote a statistically
significant difference (logistic regression; p < 0.05).
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3.4. Effects of Demographics and Worldviews on Fishers” Perceptions

Fishers with a higher stewardship ethic endorsed the use of nets for cover (p = 0.018)
more and colony destruction (p = 0.002) and killing (p = 0.027) less than fishers with a lower
stewardship ethic (Table 6). Fishers with higher anthropocentric dominance worldviews
endorsed taking no action (p = 0.020), colony destruction (p = 0.036), and killing (p = 0.005)
more than fishers with lower anthropocentric dominance worldviews. Fishers who believed
that the local cormorant population had increased endorsed the use of nets for cover
(p = 0.014), scaring (p < 0.001), colony destruction (p < 0.001), and killing (p < 0.001) more
than fishers who believed that the local cormorant population remained stable (Table 6,
Figure 5a). Respondents with higher education endorsed taking no action more (p = 0.002)
and colony destruction (p = 0.002) and killing (p = 0.039) less than respondents with lower
education (Table 6, Figure 5b).

Table 6. Logistic regression models (odd ratios) predicting fishers’ (n = 50) endorsement of strategies
for managing fish predation by the great cormorant.

Endorsed  Stewardship  Anthropocentric Population A Education = Nagelkerke
(%) Ethic Dominance (Increased) ge (Higher) R?

No action 13.3 1.030 1.391* 0.600 0.975 1.892* 0.169
Compensation 64.4 1.177 1.028 0.972 0.976 0.524 0.056
Cover 91.1 1.338 * 0.985 2.016 * 0.976 0.241 0.194
Scaring 91.1 1.062 0.757 6.968 *** 0.989 0.268 0.268
Colony destruction 73.3 0.631 ** 1.232* 3.272 *** 0.994 0.075 ** 0.359
Killing 37.8 0.716 * 1.320 ** 6.197 *** 0.995 0.411* 0.329

*p < 0.05;** p < 0.01; *** p < 0.001.

1.0 1

m Increased
w Stable

N I o
~ = ®
N

Acceptability (Mean + SE)

o
N

0.0 A
No action  Compensate Cover Scare  Destroy colony Kill
1.0 4 a a

(b)

m Higher
= Lower

1N o o
IS o ©
L L

Acceptability (Mean + SE)

o
)

0.0 A

No action  Compensate Cover Scare  Destroy colony Kill

Figure 5. Effect of perceived population level (a) and educational level (b) on the endorsement
(mean =+ SE) by fishers (n = 50) of strategies for managing fish predation by the great cormorant.
Different letters between two groups in each strategy denote a statistically significant difference
(logistic regression; p < 0.05).
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4. Discussion

The use of nets for covering wintering channels, compensation for economic losses,
and scaring were the most endorsed strategies for managing cormorants. In contrast,
taking no action and lethal strategies, including killing and colony destruction, were the
least endorsed strategies, especially by the general public. Most respondents prioritized
nets and compensation over lethal strategies. Previous studies have indicated that re-
spondents generally favor non-lethal strategies while rejecting lethal ones [38,40—44]. In
Greece, respondents endorsed non-lethal strategies and opposed taking no action and lethal
strategies for managing corvids, European starlings (Sturnus vulgaris), coypus (Myocastor
coypu), European badgers (Meles meles), wild boars (Sus scrofa), red foxes (Vulpes vulpes),
and Eurasian otters (Lutra lutra) in scenarios involving the fouling of urban structures,
crop destruction, livestock attacks, and game reduction [38,40,41]. Lethal strategies became
more endorsed in life-threatening situations such as disease transmission [38,40,41].

Fishers endorsed scaring, colony destruction, and killing more than the general public,
while the latter prioritized inaction more than fishers. Stakeholder groups impacted by
wildlife activities often demand effective management solutions [31-38]. Additionally,
stakeholders like farmers, hunters, and fishers tend to support both non-lethal and lethal
strategies when their crops or game are threatened. Anglers and lakeshore homeowners
expressed negative attitudes toward double-crested cormorants (Nannopterum auritum) and
would likely endorse hazing of nesting birds, egg oiling, and state-sponsored shooting to
reduce their numbers in Lake Champlain, U.S.A. [31]. In Italy, farmers endorsed both non-
lethal and lethal strategies to mitigate wild boar damage to their crops [36]. In Wisconsin,
black bear (Ursus americanus) hunters favored lethal strategies when gray wolves (Canis
lupus) attacked their hunting dogs [57]. In Romania, farmers showed intolerance toward
brown bears (Ursus arctos) damaging crops or threatening people and livestock, favoring
either relocation or killing [58]. Greek farmers endorsed more than the general public both
non-lethal and lethal strategies to decrease crop damage by European starlings, coypus,
European badgers, and wild boars [32,35]. Likewise, Greek farmers endorsed more than
the general public non-lethal and lethal strategies to reduce livestock attacks by red foxes,
while Greek hunters endorsed more than the general public non-lethal and lethal strategies
when red foxes reduced their game [34]. Professional fishers in Greece showed stronger
support than the general public for lethal strategies when Eurasian otters reduced fish
stocks [33].

Most fishers endorsed colony destruction strategies, and a significant number found it
acceptable to kill cormorants. Fishers often experience substantial losses due to cormorants,
which can lead to exaggerated perceptions of predation events [13,50,59]. Such experiences
foster negative sentiments toward cormorants, driving calls for their eradication [13,31].
In response to these demands, licenses for culling cormorants have been issued in Europe
and the U.S.A,, although the effectiveness of culling remains under discussion [60,61].
Comparatively, egg oiling proves more cost-effective than culling in reducing fish consump-
tion by double-crested cormorants [27], though effective management requires limiting
bird dispersal from the controlled colonies [28]. A combination of culling and significant
reductions in breeding success has led to decreased double-crested cormorant popula-
tions in the St. Lawrence River estuary, U.S.A. [62]. Intensive shooting in two Danish
fjords during three hunting seasons successfully lowered bird numbers in that season but
did not sustain population reductions in subsequent years [30]. In England, localized
culling did not result in long-term changes in population sizes, whether on-site or nation-
wide [60]. Researchers have concluded that culling’s impacts on cormorant populations are
limited and recommend adopting a pan-European adaptive management plan to achieve
significant outcomes [27-30]. However, reductions in bird numbers may not necessarily
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lead to fewer conflicts, suggesting management strategies should focus on minimizing
damage rather than solely decreasing cormorant populations [29]. Although fishers in
Vistonis could endorse lethal strategies, they did not prioritize them over non-lethal strate-
gies, potentially viewing lethal strategies as ineffective for population control. Ethical
considerations may also come into play. Batavia and Nelson [63] argued against lethal
management due to its reliance on anthropocentrism, viewed as philosophically unsound
and ethically questionable.

Netting and wiring strategies can be effective but come with limitations. Birds often
learn to navigate between lines and may exploit gaps between nets and channel banks or
through tears in the netting [24,25]. Additionally, fish-eating birds, alongside non-target
species such as ospreys (Pandion haliaetus) and swallows (Hirundinidae sp.), can collide
with overhead lines, resulting in injuries or fatalities [25]. Birds ensnared in nets may die
or sustain injuries, with 327 found dead and 4575 discovered alive beneath nets at two
Israeli fish farms, involving 31 species of both target (e.g., cormorant and gray heron) and
non-target species (e.g., common moorhen (Gallinula chloropus), white stork (Ciconia ciconia),
black stork (Ciconia nigra), and Eurasian hoopoe (Upupa epops)). Recommendations to
reduce fish losses while minimizing injuries to both target and non-target species include
using thick, dark-colored netting and wires, ensuring netting has a mesh size no larger
than 5-7 mm, extending it onto land, and securing it properly. Regular maintenance
to avoid openings, holes, and tears is also critical [25,26]. Scaring devices can be visual
(e.g., scarecrows, flags, and strong or flashing lights) or acoustic (e.g., propane cannons,
fireworks, and detonators) [24,64,65]. Nonetheless, cormorants quickly become accustomed
to permanent scaring devices. Continuous human presence near fishponds has proven
effective but is costly. The fishers of Vistonis have adopted netting along with irregular
human patrols using noise-making devices as an effective strategy to deter cormorants from
wintering channels. Unfortunately, they cannot maintain continuous patrols due to costs,
and netting purchases and upkeep remain financially burdensome, preventing complete
coverage of all channels. Therefore, although reduced, fish losses are still considerable.

Compensation is considered an important strategic tool for managing wildlife dam-
age [23,33-35]. The state offers compensation for farmers’ losses of livestock due to gray
wolves and brown bears [66]. However, compensation to fishers for fish losses attributed
to cormorants has not been predicted. Greek fishers consider compensation for economic
losses crucial for their survival.

Respondents with higher stewardship ethic worldviews, both fishers and the general
public, endorsed lethal strategies less than those with lower stewardship ethic worldviews.
Conversely, respondents with higher anthropocentric dominance worldviews endorsed
lethal strategies more than those with lower anthropocentric dominance worldviews.
Previous studies have shown that individuals with a strong stewardship ethic prioritize
animal welfare and favor non-lethal over lethal management strategies, whereas those
with anthropocentric dominance worldviews are more utilitarian and readily endorse
lethal management strategies [40-42]. Moreover, respondents, including both fishers
and the general public, who believed that the cormorant population trend was positive
were more in favor of both lethal and non-lethal management strategies than those who
perceived the cormorant population as stable. Cormorant numbers have increased in
Vistonis Lake and nearby lagoons (Hellenic Ornithological Society midwinter counts,
TUCN Cormorant Specialist Group [6,18,48]). However, individuals may exaggerate bird
populations, particularly fishers who observe birds flying overhead daily, attempting to
steal their produce. Larger bird numbers correspond to increased predation rates and
greater demand for control measures [13,31,50]. Respondents with higher education levels,
both fishers and the general public, endorsed lethal methods less than those with lower
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educational backgrounds. Typically, individuals with higher education have better access to
information sources, exhibit greater interest in nature and wildlife issues, and can therefore
make more eco-friendly choices than less educated individuals [32,44,46,47].

5. Conclusions

Both fishers and the general public regard cormorant management as necessary, fa-
voring non-lethal strategies such as netting to cover wintering channels, compensation
for economic losses, and scaring devices. While fishers would endorse the reduction in
the cormorant population through colony destruction and killing to a lesser extent, they
would favor these lethal methods only if other, less invasive management strategies are
unavailable. Currently, local fishers implement a combination of netting and irregular
patrols to deter cormorants from wintering channels, achieving only partial success. This
is primarily due to the high costs associated with fully developing and sustaining this
management system. Providing financial aid for the purchase and maintenance of netting,
along with compensation for economic losses from the state, presents the most suitable
management plan for local fisheries, enabling fishers to sustain their livelihoods. Our
findings inform a management plan that protects both fishers’ incomes and cormorant
populations, ensuring sustainability and endorsement within the local community.
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