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Abstract: To avoid the spread and environmental impacts of the European catfish (Silurus glanis),
which have arrived to Portugal around 2006, it is fundamental to understand anglers’ behaviors and
perceptions. To address this need 339 Portuguese anglers were surveyed online and face-to-face and
divided into two groups (catfish anglers, n=115; and non-catfish anglers, n=224). The majority of
surveyed anglers were males (> 95%) who consider that catfish is not beneficial to the development
of angling (>62%) and acknowledge its negative impact on other fish species (> 84%), mainly by
predation (> 89%). Catfish anglers perceive the species as more positive for angling and for other fish
species. Principal Component Analysis showed that anglers behaviors are mainly driven by their
awareness of the impacts of European catfish and by their angling experience. Regression modelling
inferred the probabilities of two anglers’ behavior (targeting catfish and practice of catch & release)
and one perception (catfish is beneficial to angling), which are considered promoters of catfish
invasion, and detected strong correlations among these three variables. Therefore, it is strongly
advised to implement an educational and law enforcement programme to stop illegal practices that
promote dissemination of invasive fish species like European catfish.

Keywords: inland fisheries; survey-questionnaire; Portuguese freshwaters; trophy fish; invasive fish
management

1. Introduction

Sport-recreational angling (hereafter only angling) activities such as stocking can be sources of
non-native freshwater fish introduction and spread globally [1-3] in European freshwaters [4], in the
Iberian Peninsula [5,6], and in Portugal [7]. Unfortunately, this non-native ichthyofauna has been
identified as a major driver of biodiversity loss and ecosystem changes with the capacity to cause
increasing economic losses and deleterious effects on human health [8-10].

Inland anglers from the Mediterranean countries have introduced freshwater fishes to increase
angling options [4,11] and a large number of invasive freshwater fish species were already introduced
in Portugal due to their use for angling [12,13]. The European catfish Silurus glanis L. 1758, native to
Central-Eastern Europe and Western Asia, has high angling interest due to its extreme body size.
Consequently, it has been introduced into new basins throughout Europe [14-16], including Spain
[17] and Portugal [18-20]. The European catfish is the largest freshwater fish in Europe, attaining 2.7
m and 130 kg [21], making it a highly appreciated trophy fish, given that body size is a key
determinant of angler motivation [22]. This top predator is known to affect the entire food web [23],
severely threatening Iberian freshwater fauna where high endemism of small-bodied fish species is
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combined with the natural absence of native piscivorous fish [14,24]. Arrival to Portugal was
estimated by 2006 [18] in Tagus River where it already exhibits invasive characteristics [19,25] and is
spreading to new ecosystems [13,20,26].

Angling has become a major activity in the inland waters of developing countries getting
increasingly popular in some emerging countries (e.g., Argentina, Brazil, China and India) [27].
Around 11% of the European population fish recreationally [28] and Cowx [29] refers a total of almost
16 million freshwater anglers for the 21 EU Member States at that time. Some downward trend in
participation seems to be occurring [29,30], but in some countries like Czech Republic, the
participation rate had risen [31], probably due to globalization, higher incomes and more time for
leisure [32]. In Portugal, freshwater anglers are the largest stakeholder group operating in freshwater
ecosystems [33] and, according to the Portuguese State Agency “Institute for Nature Conservation
and Forests” (ICNF), there were issued about 100,000 angler angling licenses in 2023.

Social aspects of angling need to be better understood and these are particularly important to
outline communication strategies when there are putative conflicts between invasion species
management and anglers’ preferences [34,35]. Stakeholder engagement is vital to manage non-native
fishes as well. However, to effectively implement correct communication plans, policy makers need
to understand and monitor stakeholder’s perceptions and behaviors [35,36], particularly towards
predator species subject to ambiguous opinions. Such is the case for the European catfish in Portugal:
on one hand anglers tend to prefer big predators for “catch-photo-release” [5], increasing the
motivation to further spread this species and maintain its populations; but on the other hand,
predation on commercial, popular/traditional consumed or endangered fish species (see for impacts
[25,37]) is perceived as negative [11]. Surveys targeting anglers have already proved to be adequate
methodological tools to assess their perceptions, attitudes and behaviors relative to angling [5,38,39],
including European catfish angling [40].

Therefore, the purpose of this study was to have the first assessment about the habits and
perceptions by the freshwater Portuguese angling community towards European catfish, particularly
in relation to: its presence in Portugal, its impacts on other fish species and its angling value through
the application of a survey implemented both online and face-to-face. This information is considered
vital to apply effective European catfish management strategies in order to mitigate European catfish
impacts and invasion risk, since it is mandatory to implement actions to deal with this invasive
species in Portugal (Decree-Law no. 92/2019 of 10 July 2019, Annex II). Also, because Portuguese
angling law considers illegal to return back to the water the European catfish after landing, we
wanted to determine if angling practices are being compliant with such regulation.

2. Materials and Methods

We conducted a complemented survey-questionnaire with both off-site and on-site angler
contact methods [41] with online and face-to-face interviews, to obtain a greater range of respondents
and encompass a larger scope of opinions. The online inquiry was publicized from November 2021
to March 2022 on the popular Portuguese angling forum in Facebook “Pesca em aguas interiores
Portugal” (translation of “Angling in inland waters of Portugal”), which had 5,500 members at that
time, provided by a small explanation of the survey aim and a Google Form link to the inquiry. Forum
members were encouraged to respond to the survey and to share the survey link within other anglers.
Additionally, the survey link was also publicized in the online version of two newspapers
(Reconquista and Mirante). This use of angling fora seems to reach the majority of Iberian anglers
and it is also a low cost, useful and practical way to obtain information on angler’s preferences [5].
All the online surveys (n= 200) were considered valid as there were no errors when filling them in
and all the open answers were considered logical and acceptable.

The face-to-face inquiry was performed throughout 2022 until April 2023 and was conducted in:
1) the beginning of seven sport angling competitions; 2) angling areas by the riverbanks; 3) angling
fairs by interviewing as much anglers as possible during the time of the events; 4) and in angling gear
shops. It was always initially verified that face-to-face respondents had not answered to the online
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survey, and that it was the first time they were responding. It achieved a total of 139 valid
questionnaires. In this face-to-face survey, only nine contacted anglers (i.e., 6%) declined to respond
to the survey, and only in two cases the questionnaires were considered invalid because the
respondents, despite agreeing to answer the survey, gave answers outside the specific context of
some questions. The region around the Tagus River basin was chosen to perform these face-to-face
questionnaires because is where European catfish has been occurring for longer time [13,19] and has
higher abundances [42].

This choice to have two ways of questioning the sport-recreational anglers (online and face-to-
face), and also targeting different kinds of anglers (sport anglers in fish competitions and recreational
anglers during leisure activities) increased the scope and the sample size of the survey (n=339). To
optimize both questionnaires content integrity, a pilot survey was previously applied individually to
ten male anglers (20 to 55 years old) to analyze its content, discuss some language difficulties and
make amendments about its content. Only few minor changes were made to the initial surveys and
the mean response time was calculated to be around 10 minutes.

The questionnaire used for surveys included a list of questions (Q) grouped into different
sections (Appendix A, Table Al). Firstly, some respondent’s sociodemographic features (Q1) like
gender, age, occupation and the district of residence were asked. Then, the general angling profile
(Q2) of the respondent was characterized by questions related with angling activity and experience,
distance travelled for angling and targeted fish species. Targeted fish species were grouped according
with main angling techniques and/or modalities: predators like pikeperch, largemouth bass and
European catfish are mainly caught with lure angling or with live bait; feeder is the main technique
for common carp and barbels; fly fishing is used for trout; several angling techniques are used in
sport-fishing competitions where nases, roach, goldfish and gibel carp, bleack and black bullhead are
the main species caught; and mullets are mainly targeted in recreational angling with the use of
different lures and baits. Afterwards, there was a chapter focusing on European catfish angling (Q3)
to evaluate the participation rate and the interest and behaviors inherent to its angling. A last group
of questions estimated respondents’ opinions about European catfish impacts (either positive or
negative) on other fish species (Q4).

To meet the objectives of the study the analysis of survey responses was done according with
the two following groups of anglers: European catfish anglers and non-catfish anglers. Such division
was based on question Q3.2 of the survey (Did you already angle for European catfish?”), where
anglers who already targeted European catfish were considered catfish anglers (n=115), and the ones
who responded “Never” were considered non-catfish anglers (n=224). Fromherz et al. [40] had a
similar methodological approach to characterize specialist European catfish anglers in southern
Germany.

The chi-square test (x?) with p-value simulation based on Monte Carlo test (2000 replicates) was
used to compare the frequencies for each response possibility with equal proportions of response
categories and test the null hypothesis that frequencies did not differ among catfish and non-catfish
anglers’ group.

Principal Component Analyses (PCA) were performed to reduce data dimensionality and
determine the major drivers of anglers’ behaviors and perceptions regarding European catfish
invasion and impacts. These were analyzed considering specific angler sociodemographic groups,
namely, gender (Q1.1), age (Q1.2), occupation (Q1.3), and district of residence (Q1.4), as well as
practices, such as angling experience (Q2.1), angling frequency (Q2.2), distance willing to travel on
an angling trip (Q2.3), their self-awareness about the species knowledge (Q3.1), the angling activity
targeting specifically the European catfish (Q3.2), the practice of catch & release (Q3.4), to what extent
do anglers consider that European catfish is beneficial to the development of angling (Q3.5), and if
anglers consider that European catfish has a positive impact on other fish species (Q4.1). These
variables were already selected [11,43,44] as potential mensurable characteristics shaping Iberian
sport-recreational anglers’ conduct and viewpoints of angling activity on freshwater ecosystems.
Mean coordinates of each group in the main PCA axes were compared by variance analysis (95%
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confidence interval) and significant different groups ascertained using Tukey’s tests (95% confidence
interval).

To better understand anglers putative risky behaviors and perceptions regarding new stockings
and spread of European catfish, the questions related to what anglers do to European catfish when
they catch it (Q3.4) to what extent do anglers consider that European catfish is beneficial to the
development of angling (Q3.5), if anglers consider that European catfish has a positive impact on
other fish species (Q4.1), and if the anglers target specifically the European catfish (Q3.2), were
inferred using multivariate regression analysis, considering as initial predictor variables for the full
model [except in the case of being themselves response variables] their age (Q1.2), occupation (Q1.3),
time of angling practice (Q2.1), angling frequency (Q2.2), distance travelled to fishing spot (Q2.3),
angling targeted to catfish (QQ3.2), practice of catch & release (QQ3.4), opinion about the European
catfish being beneficial to the development of angling (Q3.5), and opinion about a positive impact of
the European catfish on other fish species (Q4.1).

The regression models were optimized by stepwise regression with bidirectional elimination
and model fit evaluated using model selection techniques adjusted R2 and Akaike information
criterion (AIC) [45], a commonly used method accounting for the accuracy of the model fit [46].
Binary response variables were inferred by logistic regression models and the remaining with linear
regression models. All data analyses were conducted using the packages Imtest [47], moments [48],
psych [49], ResourceSelection [50], and the base installation of R programming language (v.4.1.2) in
RStudio [51].

The statistical assumptions of regressions were assured [52-54]. In both regressions, the Harvey-
Collier test did not reveal sufficient evidence of collinearity between any of the considered variables.
Furthermore, the Squared Multiple Correlation (SMC) and Variation Inflation Factor (VIF) ranged,
respectively, between 0.04 and 0.44, and 0.56 and 0.96, which in both cases are acceptable values to
keep the considered variables [55]. The residuals vs fitted and normal QQ plots, indicate a normal
distribution of the residuals. Additionally, in the linear models, skewness and kurtosis were
comprehended between 0.74 and 1.17, and 5.19 and 5.47, respectively. This result showed acceptable
values for both statistics [56,57]. Notwithstanding, the Shapiro-Wilk test for normality rejects the null
hypothesis of data coming from a normal distribution. Nevertheless, considering that the sample size
is sufficiently large (at least >140), this violation can be disregarded, according to the central limit
theorem, which states that the distribution will approximate normality [58].

3. Results

3.1. Survey Responses

According to the 339 valid questionnaires it can be seen that the majority of the anglers surveyed
are men (more than 90% response rate for both catfish anglers and non-catfish anglers) between 31
and 50 years old (53% and 41% response rate for catfish anglers and non-catfish anglers, respectively)
and employed (92% and 78% response rate for catfish anglers and non-catfish anglers, respectively).
Although there was a broad geographic coverage of the anglers surveyed which reside from north to
south and coastal to interior of Portugal, there was a large proportion of anglers from Santarém
district and other districts around the Tagus river basin like Castelo Branco, Portalegre and Lisbon
(Table 1). Herein, some sociodemographic differences stand out between catfish and non-catfish
anglers. While the former were almost exclusively employed people, the latter anglers have greater
proportion of the remaining groups, namely, students, unemployed and retired. The district of
residence is also significantly different, where catfish anglers are notably from the surrounding areas
where the greater populations of European catfish exist in Portugal (Portuguese upstream part of the
Tagus River and its main tributaries), namely, Santarém, Castelo Branco and Portalegre (Table 1).

Table 1. Response results (percentage and absolute frequency) related to anglers’ sociodemographic features

between two groups of sport-recreational anglers: the ones who target European catfish (catfish anglers) and the
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ones who do not target European catfish (non-catfish anglers). Comparisons between these two groups tested

by X2 test.
Questions Q) about anglers’ Catfish anglers Non-catfish anglers
sociodemographic features % (n) % (n)
Q1.1 Gender (x?=1.2724; p = 0.3493)
Male 98.2 (112) 95.9 (212)
Female 1.75 (2) 4.07 (9)
Q1.2 Age (years) (x?=11.459; p = 0.01849)
<18 0.0 (0) 0.45 (1)
18-30 21.9 (25) 15.8 (35)
31-50 52.6 (60) 41.4 (92)
51-70 24.6 (28) 37.4 (83)
>70 0.88 (1) 495 (11)
Q1.3 Occupation (x2 =11.304; p = 89.96x10)
Employed 92.0 (103) 77,9 (173)
Student 0.89 (1) 5.41 (12)
Unemployed 0.0 (0) 1.8 (4)
Retired 7.14 (8) 14.9 (33)

Q1.4 District of residence
(x2=30.164; p < 5.00x104)

Santarém 29.5 (31) 26.7 (55)
Lisboa 6.67 (7) 10.2 (21)
Castelo Branco 19.0 (20) 3.4(7)

Portalegre 10.5 (11) 7.28 (15)
Coimbra 8.57 (9) 5.83 (12)
Porto 2.86 (3) 6.31 (13)
Sum of all other less responded districts 22.9 (24) 40.3 (83)

The majority of the surveyed anglers have been angling for more than 20 years (more than 55%
response rate in both anglers’ groups) with high angling frequency (at least once a week; more than
80% response rate in both anglers’ groups) (Table 2). Nevertheless, these features were similar
between catfish and non-catfish anglers, in contrast to the distance willing to travel and the species
mainly fished for. In these cases, catfish anglers are not willing to travel longer distances (more than
30 km) in Portugal to fish than non-catfish anglers but show greater willing to go abroad in angling
trips. In relation to the target fish preferences of the anglers, the catfish anglers revealed higher
preference (40%9, for “Predators”, such as pikeperch Sander lucioperca, largemouth bass
Micropterus nigricans and the European catfish, being followed by “Common carp and Barbels”
Cyprinus carpio and Luciobarbus sp. with 29% of the responses. This group of target fish - “Common
carp and Barbels” — was instead the most popular among non-catfish anglers with 35% of the total
number of answers, being followed by predators (25%) and very closely (23%) by “sport angling
species” such as nases Pseudochondrostoma sp., roach Rutilus rutilus; goldfish and gibel carp
Carassius sp., bleak Alburnus alburnus and black bullhead Ameiurus melas (Table 2).

Table 2. Response results (percentage and absolute frequency) for angling activity questions between two
groups of sport-recreational anglers: the ones who target European catfish (catfish anglers) and the ones who do
not target European catfish (non-catfish anglers). Comparisons between these two groups tested by x? test.

Questions (Q) about angling activity Catfish anglers Non-catfish anglers
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% (n) % (n)
Q2.1 For how many years have you been
angling?  (x?=4.1455; p=0.3633)
<5 9.56 (11) 7.59 (17)
5-10 10.4 (12) 8.48 (19)
11-20 20.0 (23) 18.8 (42)
21-50 53.9 (62) 52.2 (117)
>50 6.09 (7) 12.9 (29)
Q22 How often do you go angling?
(x2=0.92243; p = 0.8436
Several times a week 17.4 (20) 14.7 (33)
At least once a week 43.5 (50) 42.9 (96)
At least once a month 29.6 (34) 29.9 (67)
Less than ten times a year 9.57 (11) 12.5 (28)
Q23 How far do you travel to fish?
(x2=18.189; p = 19.99x104)
<5Km 6.09 (7) 6.25 (14)
5-30 Km 34.8 (40) 24.1 (54)
31-100 Km 30.4 (35) 38.8 (87)
> 100 Km 20.9 (24) 29.9 (67)
Abroad 7.83 (9) 0.89 (2)
Q2.4 What group of species do you mainly fish
for? (x2=15.698; p = 64.97x104)
Predators (pikeperch, largemouth bass and 39.7 (89) 25.4 (110)
European catfish)
Common carp and Barbels 29.0 (65) 35.1 (152)
Trout 5.36 (12) 7.16 (31)
Species common in sport angling (nases, 16.5 (37) 23.3 (101)
roach; goldfish and gibel carp, bleak, black
bullhead)
Mullets 7.14 (16) 6.70 (29)
Other species 2.23 (5) 2.31 (10)

About half of the surveyed anglers believe to have good knowledge about European catfish
(Table 3). This fact was more evident in catfish anglers with 59% of the respondents answering to
have high or good knowledge of the species. The same percentage of catfish anglers and 96% of non-
catfish anglers stated to catch less than 5 catfishes per year, although a small proportion of catfish
anglers (around 5%) reported having caught more than 50 individuals in a year and about one third
caught between 11-50 catfishes per year (Table 3). When anglers were asked about what they do after
landing an European catfish, there is a division between the two answers (sacrifice versus release to
the water) with significant differences among the two groups of anglers (non-catfish anglers tend to
sacrifice more than catfish anglers) (Q3.4, Table 3).

Table 3. Response results (percentage and absolute frequency) for European catfish angling activity questions
between two groups of sport-recreational anglers: the ones who target European catfish (catfish anglers) and the

ones who do not target European catfish (non-catfish anglers). Comparisons between these two groups tested
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by X2 test. Question 3.2 “Did you already angle for European catfish?” is not presented since it is the grouping

variable.
Questions (Q) about European catfish Catfish anglers Non-catfish anglers
angling % (n) % (n)

Q3.1 Your knowledge about European catfish
(identification, biology, ecology) is good?
(x2=31.148; p < 5.00x104)

Totally agree 21.7 (25) 8.48 (19)
Agree 37.4 (43) 36.2 (81)
Neither agree or disagree 36.5 (42) 29.9 (67)
Disagree 4.35 (5) 13.8 (31)
Totally disagree 0.00 (0) 11.6 (26)

Q3.3 If you fish it how many European
catfish do you usually catch per year? (x? =

78.732; p < 5.00x104)
<5 59.1 (68) 96.0 (215)
5-10 4.35 (5) 1.79 (4)
11-50 31.3 (36) 1.79 (4)
> 50 5.22 (6) 0.45 (1)

Q3.4 What do you do to European catfish
when you catch it? (x2 =5.7186; p = 0.02349)
Sacrifice 45.5 (51) 61.4 (70)
Release to the water 54.5 (61) 38.6 (44)
Q3.5 European catfish is beneficial to the
development of sport-recreational angling.
(X2 =26.379; p < 5.00x104)

Totally agree 11.3 (13) 0.00 (0)
Agree 11.3 (13) 12.1 (27)
Neither agree or disagree 14.8 (17) 18.4 (41)
Disagree 25.2 (29) 27.4 (61)
Totally disagree 37.4 (43) 42.2 (94)

Q3.6 European catfish is an angling trophy.
(x2=3.3199; p=0.4998)

Totally agree 21.2 (24) 14.0 (31)
Agree 23.0 (26) 26.2 (58)
Neither agree or disagree 15.0 (17) 15.8 (35)
Disagree 17.7 (20) 21.7 (48)
Totally disagree 23.0 (26) 22.2 (49)

The majority of the surveyed anglers considers that the European catfish is not beneficial to the
development of angling (more than 60% response rate in both anglers’ groups), but catfish anglers
have a significantly different opinion (Table 3), with a greater fraction perceiving it as beneficial for
angling (23% response rate for catfish anglers against 12% for non-catfish anglers). The anglers’
opinions are more divided when asked if the catfish can be considered an angling trophy but similar
between catfish and non-catfish anglers, with catfish anglers agreement response of 44% and 41%
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disagreement, while for the non-catfish respondents, the agreement answers were 40% and
disagreement answers were 44% (Table 3).

Relative to the impact of European catfish on other fish species, more than 80% of both anglers’
groups clearly answered that they disagree with the opinion that catfish has a positive impact on
other fish species (Table 4). In fact, only a very small proportion of catfish anglers (3.5%) and non-
catfish anglers (0.5%) responded that they agree or totally agree with the positive impact of this
species. In the same way, the majority of the respondents (more than 80% response rate for both
anglers’ groups) acknowledges its negative impacts on other fish species (84% of catfish anglers and
94% of non-catfish anglers). Indeed, various fish species were mentioned as being harmed by the
presence of the European catfish with the higher number of mentions for “Barbels” and “Carps” in
both catfish and non-catfish anglers (Table 4). When asked about the reason why European catfish
harms other fish species (Q4.4, Table 4), the reference to its predatory action is predominant, with
around 90% response rate for both groups of anglers. When anglers are asked about the management
solutions to address the negative environmental impacts of the species, the answer option “Remove
all catfish locally” was the most chosen one especially by non-catfish anglers (59% response rate), but
also by catfish anglers (40% response rate) (Table 4). Nevertheless, catfish anglers diverged
significantly with a more diverse opinion about the different possibilities of addressing this issue.

Table 4. Response results (percentage and absolute frequency) for the perceived impact of European catfish on
other fish species questions between two groups of sport-recreational anglers: the ones who target European
catfish (catfish anglers) and the ones who do not target European catfish (non-catfish anglers). Comparisons
between these two groups tested by X2 test.

Questions (Q) about the impact of European  Catfish anglers Non-catfish anglers

catfish on other fish species % (n) % (n)

Q4.1 European catfish has a positive impact on
other fish species. (x? = 10.058; p = 0.03148)

Totally agree 2.63 (3) 0.0 (0)
Agree 0.88 (1) 0.45 (1)
Neither agree or disagree 12.3 (14) 7.27 (16)
Disagree 35.1 (40) 31.8 (70)
Totally disagree 49.1 (56) 60.5 (133)

Q4.2 European catfish has a negative impact on
other fish species. (x? = 14.34; p = 44.98x10*)

Totally agree 55.3 (63) 62.9 (139)
Agree 28.9 (33) 31.2 (69)
Neither agree or disagree 8.77 (10) 5.43 (12)
Disagree 5.26 (6) 0.45 (1)
Totally disagree 1.75 (2) 0.00 (0)

Q4.3 If you agree with the previous answer,
indicate which species are impacted: (x* =
4.4709; p = 0.4818)

Predators (pikeperch and largemouth bass) 17.5 (62) 15.8 (132)

Carps and goldfish and gibel carp 22.3 (79) 19.5 (163)

Diadromous fish (eels, shads and sea 16.6 (59) 17.0 (142)
lamprey)

Bleak 16.9 (60) 16.7 (139)

Barbels 19.4 (69) 20.1 (168)
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Other species 7.32 (26) 10.8 (90)
Q4.4 Indicate why they are impacted?
(x2=13.56; p=0.7831)

Predation 89.8 (53) 91.4 (139)

Other reasons 10.2 (6) 8.55 (13)
Q4.5 Where European catfish may have a

negative impact, what do you think needs to be

done?

(x2=17.285; p=54.97x104)
Remove all catfish locally 39.5 (51) 58.7 (138)
Remove all big catfish (>130 cm) locally 10.1 (13) 5.96 (14)
Remove all small catfish (<130 cm) locally 8.53 (11) 4.26 (10)
Scare the fish away 0.0 (0) 0.85 (2)
Finding an alternative solution considering 3.88 (5) 1.28 (3)

the specific context
No opinion 19.4 (25) 17.4 (41)
Other alternatives 18.6 (24) 11.5 (27)

3.2. Principal Component Analysis

The PCA performed to the inquiries was able to explain 50% of data variability in the first two
axes and 71% in the first three (Figure 1). Most correlated variables with the first axis were the anglers’
perception of the European catfish being beneficial to the development of angling (Q3.5), and the
perception of the European catfish having a positive (Q4.1) impact on other species. In turn, most
correlated variables with the second axis were the frequency that anglers go angling (Q2.2) and the
impression about how good their knowledge was about the European catfish species (Q3.1).
Accordingly, the principal axis seems to be related with an awareness of the European catfish
introduction effects on freshwater ecosystems while the second axis to the respondents angling
experience. The PCA showed a significant effect of the angler’s sociodemographic grouping when
targeting European catfish (Q3.2; p-value<0.001) while the district of residence (Q1.4; p-value=0.0862)
was barely significant. Accordingly, anglers that target European catfish have a more frequent
angling activity and a self-perception of greater knowledge about the European catfish species. On
the other hand, the PCA did not reveal significant patterns in the angler’s behaviour and perceptions
based on their catfish sacrifice attitude or their occupation situation.
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Figure 1. Principal Component Analysis of anglers’ responses grouped by catfish/non-catfish anglers (catfish
target), catfish sacrifice conduct, occupation (RE-Retired, ST-Student, UN-Unemployed, and WO-Employed),
and district of residence of the anglers.

3.3. Multivariate Regression Modelling

The multivariate regression modelling approach enabled the assessment of the particular effect
of specific features in the perceptions and attitudes of anglers based on the performed surveys. The
anglers conduct of catch & release, and the probability of targeting specifically for the catfish during
the angling trip, was inferred by means of multiple logistic regression, due to the binary characteristic
of the response variable. In the case of catch & release, the best model determining its probability is
composed by the predictor variables Q3.5 and Q4.1 (Equation 1). This model is significantly better
than the null model, with no evidence of poor fit (Hosmer and Lemeshow goodness of fit test p-value
= (0.1894; n=220) while revealing moderate fit (McFadden’s pseudo R2=0.1373) and an acceptable
predictive capacity (AUC =0.7) and accuracy (0.70). In this model, the variable coefficients show that
the probability of an angler practising catch & release is related to his agreement that European catfish
has a positive effect in the development of angling and that it brings positive effects to the native fish
populations. That is, the more the angler agrees with these two previous statements, the higher the
probability of releasing European catfish into the water again (Figure 2).

Catch&release probability =

1+e—(1.1446+0. 5773Q3 5+0.5164Q4. mEquatlon 1)
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Figure 2. Probability of the angler practice catch & release according to his/her agreement (left; -2 — totally
disagree, -1 — disagree, 0 — neither agree or disagree, 1 — agree, 2 — totally agree) with the statements that catfish
has a positive effect in the development of sport-recreational angling (Q3.5) and that it brings positive effects to
the native fish populations (Q4.1). Probability of the angler targeting for catfish during angling according to his
agreement (right; -2 — totally disagree, -1 — disagree, 0 — neither agree or disagree, 1 — agree, 2 — totally agree)
that catfish has a positive effect in the development of sport-recreational angling (Q3.5), and occupation (black

— retired, pink — student, green — unemployed, and blue — working).

As for the probability of the angler targeting specifically for catfish, this conduct revealed to be
related mainly with the variables Q1.3 and Q3.5, namely, the angler occupation, and his agreement
with the statement that the European catfish has a positive effect in the development of angling
(Equation 2, Figure 2). Although this model is significantly better than the null model, with no
evidence of a poor fit (Hosmer and Lemeshow goodness of fit test p-value = 0.2172; n=220), the fit is
considered low (McFadden’s pseudo R2=0.0919) with a mediocre predictive capacity (AUC=0.29) and
poor accuracy (0.60). Nevertheless, and although the occupation variable did not reveal explanatory
in the PCAs, in this model, unemployed people contribute to decrease the probability of targeting for
catfish while student and working population increase the probability of targeting for this fish.

1

CatflSh targetlng prObablllty = 1+e—(0-4341—1-8035Q1-3st—14-7502Q1-3un+0-5373Q1-3wo+0-4263Q3-5) (Equation 2)

The opinion of the angler regarding the European catfish having a positive effect on the angling
(Q3.5) was modelled using a multivariate linear model where best results were achieved by the
predictor variables Q3.2 (angling targeting for European catfish), Q3.4 (does the angler sacrifice the
catfish or practice catch & release), and Q4.1 (catfish has positive impact on other fish species). This
model is significantly better than the null model (p-value = 2.2e-16; n=220) and is able to explain
approximately 40% of data variability (adjusted R2 = 0.405). The model coefficients show that anglers

targeting for catfish, practicing catch & release, and their agreement of catfish having positive effects
on native fish populations, foster the anglers” opinion of the catfish having a positive effect on
angling. Thus, the greater the commitment to target for European catfish and the stronger the
agreement with the positive effects of catfish to the native fish fauna, the stronger the feeling that
catfish brings positive effects to the development of angling (Equation 3, Figure 3).

Q3.5 =0.2302 + 0.2876Q3.2 — 0.5101Q3.4 + 0.7479Q4.1 (Equation 3)
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Figure 3. Inference of the anglers opinion regarding the positive effect of catfish to sport-recreational angling
(left) as a function of catfish angling frequency (Q3.2) and their opinion about the positive impact on native fish
species (Q4.1); and the anglers opinion regarding the positive effect of catfish on native fish species communities
(right) as a function of how many years anglers have been angling (Q2.1) and their agreement with the statement

that the catfish is beneficial to the development of sport-recreational angling (Q3.5).

With regard to the angler’s opinion about the positive effects of catfish on native fish populations
(Q4.1), the best model establishing a linear relationship between the response and predictor variables
retrieved a linear model better than the null model (p-value = 2.2e-16; n=220) and explaining 36% of
the data variability (adjusted R2 = 0.3606). In this model, the predictor variables with a significant
effect on Q4.1 are Q3.4 and Q3.5. (Equation 4, Figure 3). The model coefficients show that the anglers’
opinion about the positive impact on native fish species (Q4.1) is related with the practice of catch &
release and to the anglers’ opinion about the positive effects of European catfish to angling. This
means that anglers that tend to agree more with the positive effects of catfish on native fish
populations also practice more catch & release and have more the opinion that European catfish is
beneficial for angling.

Q4.1 = —0.9589 — 0.1899Q3.4 + 0.3670Q3.5 (Equation 4)

4. Discussion

The present study shows for the first time that the general perception of Portuguese interviewed
anglers about the European catfish invasion into Portuguese inland waters is negative,
acknowledging its impact on freshwater ichthyofauna, mainly by predation, and its benefit for
angling is perceived as questionable or negative. However, some differences were found in habits,
preferences, behaviors and perceptions across the two anglers’ groups, with direct or indirect
implications for European catfish management and law compliance. Particularly, in the European
catfish anglers group there is a higher proportion of anglers who consider the species as positive for
angling development and this group is generally composed by employed practitioners from districts
around Tagus river basin. These catfish anglers were also more inclined to believe that European
catfish will bring positive and beneficial effects for angling and for other fish species. They also
practice more catch & release when angling for European catfish, an illegal activity under the
Portuguese law that undermine the management of this invasive fish throughout the spread into the
freshwater ecosystems. This work unveils important social science data about the anglers which is
key for invasive fish management and enables us to suit better communication strategies and
management decisions [59,60].
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In this study, the different approaches of performing the survey had the objective to reach a
larger audience within the diversity of Portuguese anglers: from the more active on social media
trough the online survey, to sport anglers on angling competitions and more recreational anglers
interviewed on fishing grounds through the face-to-face survey. In the angling fairs and in angling
stores either sport or recreational anglers were also interviewed face-to-face. Nevertheless, due to the
proportion of angling practitioners surveyed [in relation to the number of angling licences issued,
some cautions are recommended in generalizations to all Portuguese angler community. We also
acknowledge that the use of different survey techniques can affect survey results [61]. Biases due to
putative unbalanced samples among different groups of anglers, or even due to confidentiality and
anonymity issues, and different levels of honesty towards illegal practices [62] could have occurred,
but our goal was to capture wider diversity of opinions by increasing sample size. Nevertheless,
similar sample size and similar angler age distribution are referred in Marta el al. [43] and Pérez-Bote
and Rosso [44] surveys to Iberian anglers.

The fact that anglers deliberately release invasive species into freshwaters to increase their
angling experience has led to the arrival of new fish species in the last decade to Iberian freshwaters
to an unprecedented rate [19,63,64]. Like many other predatory fish species that have been introduced
across continents for angling enhancement [65], big game angling provides satisfaction for anglers
[66] and the large body size of European catfish can make it a highly prized sport fish, being this also
the main reason for its illegal introduction outside its native range [15]. However, two-thirds of the
interviewed Portuguese anglers (224 non-catfish anglers versus 115 catfish anglers) do not yet target
for European catfish, probably due to its recent arrival (2006), still low geographic distribution in
Portugal and therefore limited knowledge on its angling or gastronomic potential.

Concerning the sociodemographic features of the respondents, a dominance of male anglers was
observed, similar to other studies elsewhere [26,67,68]. European catfish anglers are mainly employed
and living in districts around the Tagus basin, which matches with the current invaded range of the
European catfish [13,19,20].

Considering general angling activity, a similar pattern on angling experience and frequency
were found between catfish anglers and non-catfish anglers but catfish anglers are more fond of
predators and go abroad more times for angling. Although with lower response rate, this group of
predator fish species was the second rated target for non-catfish anglers. It is known that Iberian
anglers prefer predatory fish and the probability of new introductions depends on its sports value
which also can enhance the active uncontrolled stocking by anglers [5,69,70]. In order to mitigate such
angling interest on predators, such as European catfish, we suggest stakeholders to promote more
traditional angling to native barbels and common carp (ancient non-native) once these fish species
are also referred has being highly targeted by all surveyed anglers (concordant with the results of
Banha et al. [11]), while performing educational campaigns alerting for the ecological risk of
introducing and spreading non-native predator species. In our study, the results considering the
distance travel to angle reveal that despite catfish anglers are not so willing to travel so much
distances as non-catfish anglers, around 21% of catfish anglers travel more than 100 km in an angling
trip and go angling abroad more frequently. Banha et al. [11] observed that travel distance was related
with angling for new fish species, where anglers organized angling trips (being this situation
particularly evident for Ebro River catfish anglers), and related such pattern of high interest and
angling specialization among catfish anglers to probable illegal transportation and consequent risk
of introduction into new areas. Banha et al. [5] also found that Iberian anglers cover great distances
to fish, commonly visiting several places during consecutive days. Such visit to several catchments
was also observed for British anglers [71], however going abroad for angling seems to be a less
common practice in Portuguese comparing with British anglers [67].

Results from European catfish angling activity show that even with the recent arrival of this
invasive fish, the majority of the catfish anglers consider to have a good knowledge about this species,
most likely due to their extended angling experience focused on this species and with larger catches
when compared to non-catfish anglers. Higher catch & release rates were found for catfish anglers,
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but were also high for non-catfish anglers (39%). Also, more than half of the respondents for both
anglers’ groups disagrees that European catfish is beneficial to the development of angling, but a
significant higher proportion of catfish anglers agrees with such fact. And, in spite of European
catfish can reach large sizes, the question related to the consideration of European catfish being an
angling trophy was equally responded by catfish and non-catfish anglers with similar proportions
on all agreement’s classes. Also, in Spain, European catfish does not seem to be appreciated by the
common Spanish angler, but there are economic benefits related with a great influx of trophy-
oriented anglers from other countries that practice catch & release, particularly in the lower Ebro
River [5,11]. Also, in France, the spread of European catfish promoted a very popular branch of big
game angling in large rivers and reservoirs [30]. In Germany, Beardmore et al. [34] found that angling
satisfaction was primarily determined by catch rate and fish size, but anglers also rank non-catch
related motivations (e.g., experience nature, distraction, quiet) as important (see the meta-analysis of
Birdsong et al. [72] about recreational angler satisfaction drivers). Although these factors of
satisfaction were not assessed in this study, we believe that they may also be relevant both for the
catfish and non-catfish anglers groups. Also, social and cultural values associated to native fishes,
particularly migratory fish, can play a role on the anglers feeling against European catfish [73].
Motivations for angling seem to be diverse according to the specific group of anglers (e.g., more
generalist or specialized in different target fish species) [40,74] and, consequently, these motivations
warrant further research for the freshwater anglers in Portugal.

European catfish ecological impacts on other fish species is acknowledged by the majority of
both catfish anglers and non-catfish anglers, referring that many species can be predated by this
catfish. However, angling practices seems not to be in line with this awareness since an alarming
illegal catch & release rate was reported, reaching more than half of surveyed catfish anglers.
Fromherz et al. [40] obtained similar high catch & release practice among German catfish anglers. In
fact, more work is needed to evaluate this incongruity given that the Portuguese law (Decree-Law
no. 92/2019 of 10 July 2019) forbids the return of this invasive fish back to water. This lack of
concordance between angler motivations and behaviors, and non-native predatory fish policy and
management were also found by Banha et al. [5] for Iberian anglers. Moreover, European catfish
removal from water bodies was considered the best management option by all the anglers,
particularly non-catfish anglers, and such fact seems also contradictory with the practice of catch &
release. Therefore, reinforcement of awareness programmes towards anglers is needed, but also, we
need to understand the main difficulties in complying with the existing law. For instance, raised
difficulties in handling with large fish like European catfish, in disposing the fish, animals’ rights
concern or, simply, lack of knowledge of the current law are most likely probable causes that should
be addressed.

Previous face-to-face surveys [43,44] also have characterized Iberian angling and despite some
differences, the general anglers’ profile was similar to the one found in this study. However, both
references reported shorter mean distances travelled to fish and Marta et al. [43] also detected less
catch & release rate. In the meantime, the European economic growth together with the increasing
tendency for catch & release practices in angling [30] may explain such differences.

Our PCA results showed that the behavior of the surveyed anglers is roughly driven by their
awareness of the European catfish introduction effects on freshwater ecosystems and their angling
experience. Moreover, the obtained regression models expose the deep relationship between the
angling activity aiming specifically for this species, the practice of catching and releasing this species
again into the water, the angler’s opinion about the catfish having a positive effect in the development
of angling, and in the positive effects European catfish can bring to the native fish populations. This
outcome also shows a worrying disparity between the current scientific knowledge and the anglers’
perceptions regarding invasion ecology, particularly regarding the European catfish invasion, which
can even put more pressure in freshwater biodiversity. As exposed in other references [40,75], this
study also shows that anglers are a diverse group with respect to their opinions, behaviors and
motivations which also can be linked either to sociodemographic features and/or angling profile.
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Accordingly, European catfish anglers are mainly employed males living near the Tagus basin,
practicing catch & release, and already believing that the angling, and even native fish communities,
will benefit with catfish occurrence. Furthermore, the regression results confirm that the anglers’
opinion regarding European catfish having a positive effect on angling and their opinion about
positive effects of catfish on native fish are highly related. This result also corroborates the main
factors identified in the PCA and reveals an existing relationship between angling interests, like
specialization in European catfish angling, and how anglers perceive river ecology, and
consequently, their awareness of the catfish introduction effects on freshwater ecosystems. This
highlights an imperative necessity for a national educational and awareness campaign, particularly
focused on the catfish anglers’ group, in order to highlight the impact of the European catfish on
native fish populations and on angling, so as to promote a decrease on the illegal catch & release
practice, thus contributing to the control of this invasive fish in Portugal. Such an approach has
already shown to provide a successful support in preventing and managing alien species invasions
[76-78].

There is a predictable growing conflict among inland fisheries interests and nature conservation
issues [29]. The European catfish in Portugal and in other non-native locations is a good example
since it is projected to increase their angling interest with putative spread which in turn can impact
freshwater ecosystems and consequently promote deleterious effects on commercial fisheries
economy. Portuguese inland professional fishermen consider European catfish as a very negative
species due to its predation upon more valuable fish species like the migratory ones [European eel,
shads and sea lamprey] and, until now, they rarely trade European catfish due to its very low
economic value (pers. obs.). Also, in Portugal there is no gastronomic tradition in European catfish
consumption like it happens in more eastern European countries [79,80], but possibly valuing the
species as food, together with educational programmes, can increase population control trough
commercial fisheries or even trough angling [40] without the risk of spreading it to other basins, given
its high spread rate [13,18]. People in general, and key target-groups operating in inland freshwater
ecosystems in particular, should be educated about the impacts of invasive aquatic species to avoid
introductions of new species and their spread. Such awareness is fundamental because inland
fisheries management agencies actions proved so far to be inefficient to stop illegal fish introductions
and the reaction measures, such as population control of invasive species, can have significant costs,
higher than angling licence fees can support, as well as questionable results [81]. Therefore,
sustainability must be the main goal in recreational fisheries management, with all actors involved
responsibly, ensuring biodiversity conservation while maximizing the social and economic benefits
to society [82,83].

5. Conclusions

The behavioral component of recreational fisheries is important for setting policies and
management decisions [34]. The identified catfish angler group found in this study should be a
priority in the implementation of management measures aimed at preventing the spread of the
European catfish. One of such measures must be an intense education and awareness campaign
because it surely improves the knowledge, perceptions and the positive behaviors towards invasive
species [84,85] potentially lowering the intentional release of aquatic non-native species [5].
Additionally, stricter control schemes are needed to enforce existing regulations with law
enforcement and national authorities’ control. Measures like improving human and material
resources for the national police corporation in charge to monitor the compliance with angling laws,
targeting social media promotion, or publicity of angling gear brands that promote angling towards
this invasive fish, can be applied. Economic drivers may push future introductions and the pressure
posed by anglers make it difficult to prevent further releases [86], but the strategic recommendations
presented here can help to mitigate the European catfish invasion in the Portuguese territory.
Furthermore, these findings for Portugal can be viewed as an important case-study with applications
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in the management of freshwater invasive predator fish species in other invaded countries such as
Spain, France and Italy.
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Appendix A

Table Al. Set of questions (Q) used on anglers’ survey.

Survey questions Type of Answer
1. Questions (Q)

about anglers’

sociodemographic
features
Q1.1 Gender Binomial
Male/Female.
Q1.2 Age 5 age groups (years)
<18; 18-30; 31-50; 51-70; >70.
Q1.3 Occupation 4 occupation possibilities

Employed; Student; Unemployed; Retired.
Q1.4 District of residence  Open answer
2. Questions about

angling activity
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Q2.1 For how many years
have you been angling?
Q2.2 How often do you go
angling?

2.3 How far do you
travel to fish?
Q2.4 What group of
species do you mainly fish

for?

3. Questions about
European catfish
angling

Q3.1 Your knowledge
about European catfish
(identification, biology,

ecology) is good.

Q3.2 Did you already

angled for European
catfish?

Q3.3 If you fish it how
many European catfish do
you usually catch per
year?

Q3.4. What do you do to
European catfish when
you catch it?

Q3.5 European catfish is
beneficial to the
development of sport-
recreational angling.
Q3.6 European catfish is
an angling trophy.

4. Questions about
the impact of
European catfish
on other fish

species
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5-point scale (years)

<5; 5-10; 11-20; 21-50; >50.

4-point scale

Several times a week; At least once a week; At least once a month;
Less than ten times a year.

4-point scale (Km), plus one possibility

<5; 5-30; 31-100; >100; and Abroad.

7 possibilities (multiple answer)

Predators (pikeperch, largemouth bass and European -catfish);
Common carp and Barbels; Trout; Species common in sport angling
(e.g., nases, roach; goldfish and gibel carp, bleak, black bullhead);
Mullets; European Eel; Anadromous fish (sea lamprey and shads);

Other species.

5-point scale
Totally agree; Agree; Neither agree or disagree; Disagree; Totally

disagree.

2-point scale

Yes; Never.

4-point scale
<5; 5-10; 11-50;>50.

2-point scale

Sacrifice; Release back to water

5-point scale
Totally agree; Agree; Neither agree or disagree; Disagree; Totally

disagree.

5-point scale
Totally agree; Agree; Neither agree or disagree; Disagree; Totally

disagree.
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Q4.1 European catfish has
a positive impact on other
fish species.

Q4.2 European catfish has
a negative impact on other
fish species.

Q4.3 If you agree with the
previous answer, indicate
which species are
impacted.

Q4.4 Indicate why they are
impacted.

Q4.5 Where European
catfish may have a
negative impact, what do

you think needs to be
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5-point scale

Totally agree; Agree; Neither agree or disagree; Disagree; Totally
disagree.

5-point scale

Totally agree; Agree; Neither agree or disagree; Disagree; Totally
disagree.

6 possibilities (multiple answer)

Predators (pikeperch and largemouth bass); Common, crucian and
Prussian carps; Diadromous fish (eels, shads and sea lamprey);
Bleak; Barbels; Other species.

Open answer

7 possibilities (multiple answer)
Remove all catfish locally; Remove all big catfish (>130 cm) locally;
Remove all small catfish (<130 c¢cm) locally; Scare the fish away;

Finding an alternative solution, considering the specific context; No

reprints202502.0420.v1

done? opinion; Other alternatives.
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