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A B S T R A C T   

European catfish is a large-bodied apex predator, a key species in native areas, but invasive in 
others where it negatively impacts local aquatic fauna necessitates catfish regulation. However, 
traditional ichthyological methods face challenges in capturing it. The study presents a detailed 
description of the efficient long-line method, refined through 48 sampling campaigns across 
twelve European water bodies. This method proves cost-effective and technically undemanding, 
requiring an average of 5.6 bait fish to catch one European catfish per day. The long-lines 
outperform other techniques, with the highest Biomass per unit effort (BPUE) of 6.205 kg of 
catfish per man-hour and minimal by-catch (0.276 kg per man-hour). In contrast, fyke nets, the 
second most efficient method, achieve a BPUE of 0.621 kg of catfish per man-hour with 3.953 kg 
of by-catch per man-hour. To optimize long-line catches, a 15 m distance between branch lines 
and regular relocation is recommended. Live fish is the most effective bait with no significant 
differences observed among species. However, earthworms, a less controversial alternative, are 
also efficient, especially for smaller catfish. Our recapture approach using various ichthyological 
methods revealed no hook avoidance behavior by catfish after a previous catch or avoidance by a 
certain part of the population. The long-line method is suitable for population regulation, sci-
entific research, and conservation efforts and is the most effective means of capturing live Eu-
ropean catfish.   
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1. Introduction 

European catfish (Silurus glanis) is one of the largest freshwater fish species worldwide, excluding anadromous species [1]. It can 
reach a total length (TL) of over 2.7 m and a body mass of up to 130 kg [2]. Furthermore, it serves as the main freshwater apex predator 
in European freshwater ecosystems [3]. Over the past half-century, the European catfish has effectively spread from east to west across 
nearly the entire Europe, including the British Isles [4]. As of at least 2014, the species has also been discovered in Portugal [5], 
marking the westernmost limit of its distribution on the European continent. Northern Scandinavia remains the only area of conti-
nental Europe without its presence [2]. Additionally, the species is currently found, albeit likely to a limited extent, on other conti-
nents, specifically South America, Africa and Asia [6,7]. It should be emphasized that the invasive spread is not solely due to its 
generalist behavior [3], but is especially driven by its appeal to humans [7]. The European catfish primarily spread to new localities to 
a significant extent through both controlled and illegal activities of recreational anglers, rather than natural overcoming of waterway 
barriers [7,8]. Anglers highly prize the thrill of big game fishing for European catfish [8]. The initial phase of its range expansion in 
Europe was often associated with major rivers with high connectivity [9]. However, in the second phase, the European catfish is 
observed spreading into already populated areas to new water bodies not connected to the large rivers, such as pre-alpine lakes 
[10–12]. Notably, large lakes in southwest Europe like Lake Maggiore and Lake Bourget are already fully invaded by European catfish, 
and favorable temperature conditions allow them to prey year-round [11–13]. 

Due to its dietary plasticity [3], the European catfish thrives in various habitats including littoral and pelagic zones as well as deep 
water environments [11]. European catfish have been observed at depth exceeding 60 m and their diet often includes species found in 
deep waters, such as whitefish (Coregonus sp.) and burbot (Lota lota) [10,11,13]. Initially, it appeared that the European catfish did not 
have a significant impact on fish communities in newly invaded areas [14]. However, it has become evident that the impact on local 
biodiversity is indeed significant [3]. This potential predation pressure can affect endemic species that have not evolved to coexist with 
such a large apex predator [9]. This phenomenon has already been observed, for instance, in the lower Po River, leading to the local 
extinction of native cyprinids [15]. In the near future, this ecological problem is expected to become especially relevant in areas with 
high endemism, such as the Iberian Peninsula [9], and even some pre-alpine lakes [10,13]. Furthermore, certain species are notably 
more sensitive to catfish predation, as demonstrated by the experimental study [16]. Due to its remarkable dietary plasticity, European 
catfish can quickly switch its focus to ecologically and economically important anadromous species that migrate to rivers in large 
numbers for short-term reproduction, such as Altantic salmon (Salmo salar) [17], allis shad (Alosa alosa) [18,19], and even sea lamprey 
(Petromyzon marinus; [20]. The intense predation by European catfish on these anadromous species is noteworthy, and similarly 
intense predation occurs on common freshwater species, such as common roach (Rutilus rutilus), during their reproduction period [3]. 
Moreover, European catfish can impact reproduction by consuming fish eggs, such as egg strands of Eurasian perch (Perca fluviatilis) 
[21]. The phenomenon of impacting species reproduction is evidently not limited to fish. At Sebino Peat Bog Nature Reserve, Italy, 
severe predation by European catfish on waterfowl chicks was documented during the growth period [22]. The impact of invasive 
European catfish can thus have more farther-reaching consequences than initial observations might suggest. More recently, European 
catfish has also colonized the Guadalquivir River delta within the Doñana National Park (C. F. Delgado, pers. comm.). Doñana NP 
represents one of the most important waterfowl habitats in Europe [23], and the impact of European catfish on the waterfowl com-
munities there is yet to be evaluated. However, stable isotope analysis from Camargue Regional Natural Park, a similarly characterized 
protected area in southern France, revealed a considerable impact of catfish on the local waterfowl communities [24]. The broad 
dietary spectrum of European catfish also includes aquatic insects, bivalves, crustaceans, amphibians, birds and even mammals [3,11, 
13]. 

The negative impact of the European catfish on fauna in non-native localities is on the increase, driven by the species expanding 
distribution and favorable global climate changes [2,9]. Several international research projects, aiming to find ways to mitigate the 
uncontrolled growth of European catfish populations in non-native areas, have been in progress; and more are likely to follow [25]. 
Through a comparison of various available approaches, long-lines appear to be the most efficient method for capturing and thus 
reducing the European catfish population [26]. The method has been proposed as an efficient tool for both the regulating the European 
catfish population and capturing a sufficient number of individuals for research purposes [7]. Notably, the method is novel, at least in 
the freshwater fish research in Europe, and has seen recent improvements to enhance its catch efficiency. 

This study aims to introduce the method of long-lines and its enhancements to facilitate its efficient use in the ongoing [25] and 
future projects focused on regulating the European catfish population, as the number of such projects has been increasing in response 
to growing awareness of the problems caused by the species spread and invasive behavior. The aims of the study are i) to provide a 
detailed description of the method making it accessible to scientists, conservationists and others without training, and ii) to determine 
the optimal parameters for the method, such as the length of the long-line, distances between branch lines, and choice of bait fish 
species. The method offers flexibility, and we hypothesized that a shorter long-line (60 m) with branch lines placed 5 m apart would 
yield higher catch efficiency compared to a longer one (235 m) with branch lines placed 15 m apart. This hypothesis is based on the 
idea that a higher concentration of baits in a smaller space might resemble a shoal, creating more water ripples, a key factor when 
European catfish hunt for prey [27]. Additionally, we hypothesized that relocating the long-line to a new location within the water 
body daily could enhance efficiency, assuming that a significant catch is achieved during the first night. Further, iii) we conducted 
experiments with different types of baits, aiming to identify significant differences in catch efficiency associated with each bait. 
Additionally, iv) we tested the selectivity of the long-lines on subgroups of populations with a certain pattern of behavior [28] and 
assessed its effectiveness in preventing fish from avoiding the hook after a previous catch [29]. Lastly, v) we compared the effectiveness 
of the long-lines with other fishing methods. 
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2. Methods 

2.1. Long-lines 

Animals were treated in accordance with the Experimental Animal Welfare Commission under the Ministry of Agriculture of the 
Czech Republic guidelines (Ref. No. 4253/2019-MZE-17214). The work was approved by the Ethics Committee of the Czech Academy 
of Sciences. No endangered or protected species were involved. 

Long-lines or ‘hook-lines’ have been widely used to catch large predatory fish in the marine environment [30,31]. In freshwater 
environment, it is currently the most commonly used method for monitoring European catfish [7,11,32]. The method can be applied in 
any standing or slowly flowing waters with a depth exceeding 2 m. We do not recommend using it in shallower depths because when 
the depth significantly exceeds the length of the expected catch, catfish often become entangled with the leader in the mother line. The 
long-lines can be deployed in both inshore and offshore (open water) areas. The assembly is flexible, allowing for adjustments in both 
its length and the number of applied branch lines (snoods). The advantages of long-lines include simple and cost-effective equipment, 
ease of use and handling, and low damage and resulting mortality of caught individuals (≪ 5 % [8]). The method can be effectively 
employed in a wide range of environments and tailored to the specific needs of aquatic bodies, making it efficient for reducing the 
European catfish population to harmless levels [7]. 

However, there are some disadvantages associated with long-lines, including the need to have baits available. Long-lines also rely 
on the feeding activity of European catfish, which typically decreases when water temperatures drop below 12 ◦C and ceases 
completely below 7 ◦C [33–35]. This method is primarily intended for catching adult European catfish individuals with a size 
exceeding 60 cm TL. The selectivity is primarily ensured by using larger baits (preferably >20 cm TL, ideally 25–35 cm TL). 

2.1.1. Basic equipment 
The long-line is illustrated in Fig. 1. The length of the line can vary, however, for standardization purposes, two basic lengths were 

used in this study: 60 m and 235 m. The main float line had a diameter of 5 mm. The shorter version (60 m) and the longer version (235 
m) of the long-line were equipped with 10 and 15 branch lines, respectively. Three main buoys were positioned at both ends and in the 
middle of the main line. Anchoring ropes (Ø 10 mm), from 3.5 to X m long (depending on the depth of the locality), with weights (32 kg 
each) were attached to the buoys to secure the main line in place. Auxiliary buoys (empty 1.5 L plastic bottle or 1.5–2 dm3 polystyrene 
float) were placed every 5 m (for the 60 m line) or 15 m (for the 235 m line) between the main buoys. These auxiliary buoys mark the 
location of the branch lines and maintain the bait in the correct position. Each hanging branch line was 2.5 m long and consisted of two 
parts, i) a 2 m long fishing-line with a maximum load of 50–100 kg, and ii) a more durable 0.5 m long fishing-line with a maximum load 
of 100 kg or more (Fig. 2a). A swivel was positioned between these two parts to prevent twisting and a 150 g sinker lead was attached 
to the branch line to maintain the appropriate depth. Rubber shocks were placed both below and above the sinker lead. The lower 
rubber shock was free-flowing and sliding to protect the swivel knot. In contrast, a small piece of wood was inserted into the middle 
hole of the upper rubber shock to prevent the sinker lead from moving freely along the branch line. At the end of the branch line, there 
was a multi-hook system with one single baited hook and one treble hook for catching the European catfish (Fig. 2a). The branch lines 
and auxiliary buoys were connected to the main line using long-line fishing clips (see Fig. 2b for details). 

The bait fish, measuring 180–300 mm TL, was placed on the single hook. When the European catfish attempts to seize the bait, it is 
captured by the treble-hook suspended below the baited hook [3,7,20]. The appropriate size for the treble-hooks is generally 2–2/0 
depending on the size of the bait and the mean size of the European catfish being targeted. Sizes 1/0 for the single hook and 1 for the 
treble-hook have prove to be optimal in most scenarios [26]. 

2.1.2. Additional equipment 
A sampling boat, a punt, with a load capacity of 800 kg and a length of 5 m was used. It was equipped with oars for easy control 

when near the long-line. An outboard engine, with at least 15 HP, is recommended for faster transport between the long-lines. It is 
advisable to have a depth sounder and a GPS device to record the exact position of the long-lines. Two separate tanks were required: for 

Fig. 1. Schematic of the long-line (shorter version, 60 m) a fishing method for European catfish sampling. In certain situations, the anchor rope can 
also be secured to a shoreline object, such as a tree [36]. 

L. Veǰrík et al.                                                                                                                                                                                                          



Heliyon 10 (2024) e34125

4

bait fish and for captured European catfish, both with aeration equipment. The separation helps minimize the risk of entanglement or 
injury. The equipment for working with European catfish included leather gloves, a landing net, a soft pad, rubber gloves, a fish 
measure, scales (for up to 100 kg or more), a large carrier bag for weighing the largest fish, and catch record cards. 

2.1.3. Sampling time, season and location selection 
The long-lines were kept deployed continuously for a full day (24 h) and checked regularly three times daily: at or after sunset, in 

the morning after dawn, and once during the day. The season significantly affects the catchability of European catfish [8]. As 
mentioned earlier, the method is less efficient during winter due to reduced feeding activity. In central Europe, the most productive 
season was June–July when water temperatures ranged 19.1–20.2 ◦C [8]. 

It is recommended that the long-line be positioned at a distance >20 m from the shore. However, installation on very steep shores 
with slopes >30◦ is not advisable, as there is a risk of the anchoring weights shifting from their intended position. In such cases, an 
alternative approach may involve removing the anchor and securing the anchor line to the shore, typically to trees [36]. Most water 
bodies are characterized by their heterogeneous environments, making the choice of long-line placement crucial. Based on our 
experience, the most efficient areas were those with gentler slopes and extensive shallow littoral zones extending into the water body, 
areas with numerous underwater obstacles (resting spots) or the mouths of side bays. If maximizing catch efficiency is the primary 
goal, long-lines should be deployed in these areas. However, if the project’s objective is to collect reliable population data, particularly 
for research purposes, it is advisable to distribute long-lines evenly throughout the entire water body [26]. 

2.1.4. Mounting of the long-lines 
Prior to deployment, it was necessary to have essential preparations as follows. Wind the main line onto a suitable spool. Arrange 

the branch lines side by side on a wooden board for easy access. Equip the main buoys with large carabiners, and load the auxiliary 
buoys (empty plastic bottles or floats) with carabiners into a plastic container for convenience. Ensure that the anchoring lines have 
loops at both ends, allowing them to be attached with the weight on one side and the buoy on the other (Fig. 1). Fill the tank for bait fish 
on the boat with water. 

The long-lines were then deployed from the boat. One person uncoiled the pre-prepared branch lines from the wooden board and 
handed them to a team member responsible for baiting the branch lines. Baiting was done by inserting the single hook into the dorsal 
part of the bait fish and placing a 1 × 1 cm safety rubber stop on the hook to prevent the bait from slipping. The third team member 
attached the branch line with the bait to the main line using a long-line fishing clip. Adjacent to the branch line, the auxiliary buoy was 
also affixed using a long-line fishing clip (Fig. 2b). Meanwhile, the fourth team member ensured the safe movement of the boat. It is 
possible to pull on the line to reach the next auxiliary buoy. However, in windy weather, approaching the auxiliary buoys one by one 
using oars was necessary. Once all the branch lines with baits were deployed, the entire system was tightened, when necessary, either 
at the end or the beginning of the long-line. The anchoring weight was pulled into the boat, and the entire system was stretched by 
moving the boat backward. A team of four handled three long-lines on a daily basis, which seems to be the optimal number. 

2.1.5. Checking of the branch line and collecting the catch 
Inspection was conducted in a similar manner to attaching the branch lines, involving the process of pulling out the branch lines 

Fig. 2. a) A detail of the branch line (snood) with individual parts described. b) A detail of the branch line and auxiliary buoy connection to the 
main line using long-line fishing clips. 
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one by one and moving the boat from the beginning to the end of the long-line. If a tangled branch line was encountered, it was 
untangled, or the entire branch line was replaced with a new one (extra branch lines readily available on the wooden board). When a 
European catfish was found on a branch line (often signaled by the movement of the auxiliary buoy), the line was pulled close to the 
boat. A large landing net was used to carefully retrieve the catfish. In the case of larger individuals, the branch line was more prone to 
breaking, so caution was necessary. When the catfish vigorously pulled on the line, it was better to release it temporarily, wait until the 
catfish calmed down and the tension subsided and then the catfish was removed from the water quickly. Subsequently, the catfish was 
placed on a wet rubber mat to prevent injury to its delicate skin, that also served as a weighing bag. Prior to biological inspection, each 
individual was anesthetized by immersion in a solution containing clove oil at a concentration of 0.04 mL/L. The anesthetic’s effect 
was allowed to manifest until the fish exhibited a loss of reflex reactivity characterized by slow and irregular opercular movements, 
accompanied by an absence of reflexes and reactivity. The hook in the catfish’s mouth was carefully removed using pliers. 

2.2. Evaluating the selectivity of long-lines and its comparison with alternative methods 

i) Continuous boat electrofishing along the shoreline was used during all long-line campaigns serving both as a voluntary sam-
pling method and as a means of obtaining bait fish. Fish were collected using an electrofishing boat (electrofisher EL 65 II GL DC, 
Hans Grassel, Schönau am Königsee, Germany, 13 kW, 300/600 V; Fig. 3a) with an approximately 6-m-wide electric field to 
which fish are attracted and immobilized and they were subsequently retrieved into an aerated vat. Additionally, during 
mentioned biomanipulation campaign at Žlutice reservoir, predatory fish, including European catfish, were caught as by-catch 
during the campaign. All individuals were measured, weighed, their PIT-tags were checked, after which they were released back 
into the water body. The frequency distribution of tagged fish originally captured by long-lines was subsequently used to es-
timate the potential selectivity of long-lines on a subgroup of catfish populations exhibiting specific behavioral patterns.  

ii) Rimov fyke nets (Pokorny-site.cz; a mesh size of 20 mm, input frame dimensions of 1.2 × 1.2 m, body length of 8 m, wing 
dimensions of 1.2 × 12 m; Fig. 3b) were used for an extensive biomanipulation campaign at Žlutice reservoir during springs 
2020–2023 where primarily planktivorous fish were captured. These fyke nets were deployed in groups of three in the shallows 
and in the tributaries of the reservoir where fish spawning was anticipated.  

iii) Multimesh gillnets were used at Most, Milada, Římov, Žlutice, Vrchlice, Klíčava, and Lipno concurrently with the long-line 
campaigns, specifically the most commonly used benthic (net = 45 m2, referred to as B12) and pelagic multimesh gillnets 
(90 m2, P12) encompassing twelve mesh sizes according to the EU norm (5, 6.25, 8, 10, 12.5, 15.5, 19.5, 24, 29, 35, 43 and 55 
mm [37]). Further, the large-mesh gillnets were used with mesh sizes 70, 90, 110 and 135 mm (knot-to-knot, 10 m panels), both 
benthic (net = 60 m2, B4) and pelagic (net = 120 m2, P4) [38].  

iv) Atypical gillnets, used by commercial fishermen in marine environments or large rivers (mesh sizes of 105-, 90-, and 70-mm 
knot-to-knot. Each size comprised a continuous panel of 40 m in length, 6 m in height, and covering an area of 240 m2). 
These gillnets were employed at Římov and Žlutice in 2023. The installation of the gillnets followed the recommendations of 
Filipe Ribeiro and Victor Frossard. They were positioned in the littoral zone, with their height exceeding the water depth, 
reaching depths of up to 5 m. The manner in which the net is stretched can be crucial in capturing larger catfish. 

The catch efficiency of the methods was measured using Catch per Unit Effort (CPUE; number of catfish per man-hour) and Biomass 
per Unit Effort (BPUE; kg of catfish per man-hour). The man-hour accounts for the time spent on installation, uninstallation, retrieval, 
and catch processing which may vary among tested methods. The time required for the boat to reach the fishing gear was not included. 

Fig. 3. a) Schematic of an electrofishing boat (Electrofisher EL 65 II GL DC, Hans Grassel, Schönau am Königsee, Germany, 13 kW, 300/600 V) used 
for electrofishing operations. b) Schematic of the Rimov fyke net (Pokorny-site.cz). Both methods were employed for comparison with the long-lines. 
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Further, CPUE and BPUE were measured for the by-catch, which includes all other species caught using each method, except for the 
European catfish. 

2.3. Study sites 

The long-lines were tested from 2013 to 2023 at eight study sites in the Czech Republic and at four study sites in Portugal. The sites 
were selected to cover a variety of water body types. In Czechia, we sampled two post-mining lakes, Milada (50◦39′19.51″N 
13◦56′14.01″E) and Most (50◦32′26.48″N 13◦38′49.38″E) both of which are oligotrophic and have a littoral zone full of vegetation up to 
a depth of 10 m [39–41]. Both lakes are relatively deep with Milada having a uniform bottom relief and Milada having a complex 
bottom relief of Most lake [3]. The six water reservoirs in Czechia varied considerably: mesotrophic Lipno (49◦55′43.21″N 
15◦13′32.49″E) and Klíčava (50◦03′55.98″N 13◦55′56.74″E), eutrophic Žlutice (50◦05′22.80″N 13◦07′36.96″E), Římov (48◦50′52.03″N 
14◦29′13.60″E) and Hubenov (49◦23′3.70″N 15◦29′07.55″E), and hypertrophic Vrchlice reservoir (49◦55′41.95″N 15◦13′28.71″E). 
Vegetation is abundant at Klíčava, Žlutice and Vrchlice, whereas it is sparse at the other reservoirs. See Draštík et al. [42] and Veǰrík 
et al. [3,41] for detailed description of the Czech reservoirs and lakes. Portuguese research took place in the hypertrophic Belver 
reservoir (39◦28′46.97″N 7◦59′43.71″W) and on the Tagus River, specifically two lotic sites in Aquapoli (39◦26′53.54″N 8◦11′55.24″W) 
and Constância (39◦28′21.47″N 8◦19′11.68″W), and one estuary Port da Palha (39◦ 3′19.49″N 8◦47′57.97″W). However, only dead bait 
fish was used at Portuguese sites. The parameters of the sites varied considerably, see Table 1. 

A total of 48 campaigns and 177 fishing days were carried out with a total of 6155 snood-days (Table 2). At the most frequently 
visited study sites (Milada, Most, Žlutice, Římov and Klíčava) all European catfish individuals were tagged with a passive integrated 
transponder tag (PIT-tag, Oregon RFID, fullduplex; length 12 mm; diameter 2.15 mm; mass 0.11 g; 11 784/11785 ISO compatible) that 
was inserted into the dorsal muscle, specifically positioned 5 cm behind the dorsal fin. Thus, it was also possible to determine the 
number of recaptures. 

2.4. Statistics 

A Bayesian linear mixed-effects model (Wald χ2 test) was used to test the catch efficiency (number and biomass of catfish) of shorter 
(60 m) and longer (235 m) long-lines, catch efficiency of the first and second day in one place, and catch efficiency at various locations 
at Římov, Žlutice and Klíčava reservoirs in 2018 and 2019. At these sites, long-lines were used at six different locations in 2018 which 
were repeated the following year. To improve the data normality, the number and biomass of catfish (biomass expressed as a mean 
body mass, M) were log10-transformed with the addition of a constant of 0.1 to eliminate the zero values prior to the analyses. The 
identity of the study site and the effect of the catching season were set as parameters with random effects. 

A goodness of fit test (χ2 statistic) was used to compare various baits: i) bait fish species (rudd (Scardinius erythrophthalmus), roach 
and Eurasian perch), ii) live vs. dead bait fish of the mentioned species, iii) dead fish vs. chicken wings (bought at a supermarket) were 
tested at Milada and Most lakes in 2013 and 2014. Further, iv) two invasive species as a bait (a juvenile European catfish vs. red swamp 
crayfish (Procambarus clarkii)) was tested at Belver reservoir in 2022, and v) live fish vs. cluster of eight earthworms (Lumbricus ter-
restris) was tested at the Hubenov reservoir in 2023. A goodness of fit test was also used to compare hook avoidance behavior in catfish 
after a previous catch and potential avoidance by a certain part of the catfish population towards the long-lines. This analysis was 
based on the representation of recaptured individuals and newly caught individuals using long-lines, electrofishing methods, and fyke 
nets at Žlutice reservoir in 2020–2022. 

A one-way repeated measures analysis of variance (ANOVA) with multiple comparisons (Tukey Unequal N HSD test) was used to 
compare the catch efficiency of various methods based on CPUE and BPUE of both catfish and by-catch (other fish species). The 

Table 1 
Basic characteristics of the 12 study sites. Lotic study sites are in gray. The European catfish population estimates refer to the individuals 
>60 cm *Values by Veǰrík et al. [8]; **Values by Veǰrík et al. [67]; × – study sites with only one sampling campaign so far, i.e., with no 
recaptures, or data that is not available for the lotic sites. 
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Table 2 
Summary of the number of days, campaigns and snood-days (catching on one snood/branch line during 24 h) spent at the study sites, the 
number of catches, recaptures and by-catches. Further, the mean total length (TL) and mass (M) of the caught European catfish, and 
mean number of catches per snood-day using the long-lines. × – study sites with only one sampling campaign so far, i.e., with no re-
captures. Lotic sites and estuary are in gray. At these sites, only dead fish were used as bait. Thus, sum of catches per snood-day was 
counted separately. 

Fig. 4. Catch efficiency with different types of baits. Various types of baits were placed on the long-line alternately in a ratio of 1: 1 or 1: 1: 1 in 
equal numbers. a) Live and dead bait fish (rudd), brown: live bait fish, gray: dead bait fish. b) Comparison of three bait fish species and the relative 
number of catches per species, blue: Eurasian perch (Perca fluviatilis), green: rudd (Scardinius erythrophthalmus), orange: roach (Rutilus rutilus). c) 
Dead bait fish (rudd) and chicken wing, gray: dead fish, yellow: chicken wing. d) Juvenile European catfish and red swamp crayfish, purple: juvenile 
catfish, green: red swamp crayfish. e) Live bait fish and cluster of eight earthworms (Lumbricus terrestris), orange: live bait fish, blue: earthworms. 
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analyses were performed using R 4.0.0 [43] and the blme package [44]. 

3. Results 

3.1. Efficiency of long-lines 

Over a total 177 fishing days at twelve study sites, 1043 European catfish individuals were caught (mean TL = 107.3 cm, mean M =
11.1 kg). On average, 0.18 European catfish (min. 0.093; max. 0.247) were caught per snood-day, which refers to catching one Eu-
ropean catfish on 5.6 snoods (branch line; ±8.2 SD)) over 24 h (Table 2). A total of 208 individuals were recaptured at sites with tagged 
European catfish (Table 2). Furthermore, we recorded a total of 164 by-catches, which accounted for 14 % of all catches. Specifically, 
Northern pike (Esox lucius) constituted 97 % of all by-catches, while the remainder included pikeperch (Sander lucioperca), asp 
(Leuciscus aspius), barbel (Luciobarbus sp.) and Eurasian perch >40 cm TL. However, aside from Northern pike, all other species were 
rarely caught on long-lines and generally comprised less than 2 % of the total catch (Table 2). 

Significantly more European catfish were caught on the first day compared to the second day at the same location. On the first day, 
an average of 1.92 European catfish were caught using 10 baits, while only 1.46 were caught on the second day (χ2 1 = 9.98, p < 0.01). 
Despite the significant decrease in the number of catches on the second day at the same location, larger individuals were caught. The 
mean body masses of European catfish caught on the first and second days were 8.6 kg and 12.5 kg, respectively. This result was 
statistically significant (χ2 1 = 6.74, p < 0.01). 

The difference in catch efficiency between the shorter (60 m) and longer version (235 m) of the long-line was not statistically 
significant (χ2 1 = 2.92, p = 0.09). The catch efficiency was 0.138 and 0.154 individuals per one snood-day on the short and long 
version, respectively. A statistically significant difference was found in the mean size of the caught European catfish, with an average of 
8.6 kg on the long version and 6.2 kg on the short version (χ2 1 = 9.98, p < 0.01). Furthermore, statistically significant differences were 
found in both the number of individuals caught per day (χ2 26 = 51.10, p < 0.01) and the size of individuals (χ2 26 = 53.59, p < 0.01) 
depending on the location of the long-line. 

3.2. Testing various types of bait 

In terms of the baits, live bait fish were the most efficient. The length range of the bait fish relative to the captured catfish varied 
significantly, from 9.1 % to 56.8 % of the catfish TL. On average, it represented 23.3 % ± 9.3 SD of the catfish TL. A significant 
difference was found comparing the live and dead bait fish (χ2 1 = 4.17, p = 0.04), when 17 and 7 catfish individuals were caught on 
live and dead bait fish, respectively, using 72 replications (snood days) for each bait (Fig. 4a). When using three different species of bait 
fish, 20, 16 and 15 catfish individuals were caught on rudd, perch and roach, respectively. However, the differences between the 
species were not significant (χ2 2 = 0.82, p = 0.66), using 85 replications for each bait (Fig. 4b). A significant difference in catch 
efficiency was found comparing the dead fish and chicken wings (χ2 1 = 6.4, p = 0.01), when 9 and 1 catfish individuals were caught 
on dead fish and chicken wings, respectively, using 20 replications for each bait (Fig. 4c). When juvenile catfish alternated red swamp 
crayfish as bait on the long-lines tested at Belver reservoir, the difference was even more significant (χ2 1 = 8.3, p = 0.004), where 11 
and only 1 catfish individual were caught on the juvenile catfish and the crayfish, respectively, using 30 replications for each bait 
(Fig. 4d). The only reasonable alternative to live fish seems to be using earthworms as bait. When live fish alternated a cluster of eight 
earthworms as bait tested at Hubenov reservoir, the difference was not significant (χ2 1 = 0.08, p = 0.78), where 6 and 7 catfish 
individuals were caught on the live fish and a cluster of eight earthvorms, respectively, using 30 replications for each bait (Fig. 4e). 
Although the cluster of eight earthworms appears to be even slightly more efficient than live fish, the mean size of caught individuals 
was significantly smaller (mean 4.3 kg ± 1.1 SD) compared to individuals caught on live fish (mean 12.7 kg ± 10.3 SD; χ2 1 = 4.15, p 
= 0.04). 

Fig. 5. Percentage representation of recaptured catfish (those tagged during previous long-line fishing) in the total catch of catfish using long-lines, 
electrofishing, and fyke nets for the years 2020, 2021, and 2022. Additionally, it provides the average mass of all caught individuals, with in-
dividuals smaller than 60 cm excluded from the analysis. 
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3.3. Testing hook avoidance behavior by catfish after a previous catch 

The analysis of catfish catch records at the Žlutice reservoir involved three distinct techniques: long-lines, electrofishing, and fyke 
nets. These methods were used to monitor the percentage of individuals that had been previously caught on long-lines, tagged, and 
subsequently released. On average, the representation of tagged individuals caught by long-lines, electrofishing and fyke nets were 
34.4, 31.4 and 37.5 %, respectively (Fig. 5, Table 3). The comparison of the percentage representation of tagged individuals in long- 
line catches with the other methods showed significant differences in only two of the three monitored years: in 2021, the represen-
tation of tagged catfish was significantly lower in electrofishing compared to long-line catches, and in 2022, the representation was 
higher for fyke nets than for long-lines (Table 2). In other cases, the differences in the representation of tagged fish in catches were 
inconclusive. Overall, the percentage representation of tagged fish in catches using each method did not exhibit any clear repeating 
trend over the years (Fig. 5). 

3.4. Efficiency of long-lines compared to other ichthyological methods 

CPUE differed significantly among the methods (ANOVA: F10,80 = 7.43, p < 0.001). The CPUE for different types of gillnets was 
relatively low, ranging from 0.009 to 0.081 catfish per man-hour (Fig. 6a). Slightly higher efficiency was observed for fyke nets, with 
an average CPUE of 0.107 catfish per man-hour. Electrofishing demonstrated high values, both during the day (0.777 catfish per man- 
hour) and at night (0.375 catfish per man-hour). Day electrofishing was significantly more efficient than all types of gillnets (Table S1). 
High CPUE was recorded for long-lines, with an average value of 0.665 catfish per man-hour (Fig. 6a). Long-lines were significantly 
more efficient than the gillnets B12; P12; B4; P4 and 105 mm (Table S1). 

CPUE of by-catch (i.e., all other fish species) per one man-hour differed significantly among the methods (ANOVA: F10,80 = 19.64, p 
< 0.001). In contrast, the CPUE of by-catch was significantly higher for electrofishing, averaging 17.784 and 45.865 catch per man- 
hour during the day and and night, respectively. The day electrofishing CPUE of by-catch was significantly higher than that for long- 
lines and gillnets B4; P4; 105 mm; 90 mm and 70 mm (Table S1). The night electrofishing CPUE of by-catch was significantly higher 
than that for all other tested methods, including the day electrofishing. For gillnets, the CPUE of by-catch ranged 12.343–0.408 catch 
per man-hour, and for fyke nets, it averaged 3.177 catch per man-hour. The long-line CPUE of by-catch was notably low, with a mean 
value of only 0.098 catch per man-hour, which was significantly lower that that for electrofishing and the B12 gillnets (Fig. 6b). 

BPUE also differed significantly among the methods (ANOVA: F10,80 = 25.03, p < 0.001). BPUE for different types of gillnets ranged 
from 0.002 to 0.274 kg of catfish per man-hour (Fig. 6c). Fyke nets, on average, achieved relatively high values of 0.621 kg of catfish 
per man-hour. On the other hand, the electrofishing BPUE was relatively low, averaging 0.452 kg of catfish per man-hour during the 
day (mean mass of caught individual 1.67 kg) and even lower at 0.013 kg of catfish per man-hour during the night (mean mass of 
caught individual only 0.037 kg). Notably higher values were recorded for the long-lines, where the average BPUE was 6.205 kg of 
catfish per man-hour (Fig. 6c), and the mean mass of caught catfish was 9.411 kg. The BPUE was significantly higher only for long-lines 
compared to all other methods (Table S1.) 

BPUE of by-catch also differed significantly among the methods (ANOVA: F10,80 = 5.63, p < 0.001). The BPUE of by-catch using 
gillnets ranged from 0.555 to 3.995 kg per man-hour., specifically the atypical gillnets with diameters of 105, 90, and 70 mm achieved 
high values in this regard (Fig. 6d; Table S1). Fyke nets achieved in average 3.953 kg per man-hour, and relatively similar values were 
recorded for electrofishing during the day and night, with averages of 3.428 and 2.878 kg per man-hour, respectively. However, the 
BPUE of by-catch using long-lines was low, with an average value of 0.276 kg per man-hour (Fig. 6d; Table S1). 

Table 3 
Catfish catches by long-lines, electrofishing, and fyke nets in 2020, 2021, and 2022. It includes data on untagged and recaptured catfish (ind. tagged 
during the previous long-line catch), the percentage of recaptured individuals, mean total length (TL) and mass (M), and the exclusion of catfish under 
60 cm. The table also presents χ2 test results, evaluating recaptured catfish representation in individual years between long-lines and other methods.  

Method Year No. of 
catch 

Tagged 
ind. 

Recaptures Recaptures 
(%) 

Mean TL 
(cm) 

Mean M 
(kg) 

Excluded small 
ind. 

Statistics χ2 1/ 
p 

Long-lines 2020 27 19 8 29.6 94 7.3 0  
2021 44 27 17 38.6 93 5.98 0  
2022 20 13 7 35 99 7.93 0  
Mean 30.3 19.7 10.7 34.4 95.3 7.07 0  

Electro 
fishing 

2020 8 5 3 37.5 74 3.46 3 2.99/0.08 
2021 30 22 8 26.7 89.6 6.5 10 5.98/0.02 
2022 3 2 1 30 86 4.97 0 1.1/0.30 
Mean 13.7 9,7 4 31.4 83.2 4.97 4.3  

Fyke nets 2020 9 7 2 22.5 91 6.1 0 2.63/0.11 
2021 28 18 10 35.7 81.3 4.01 0 0.36/0.55 
2022 11 5 6 54.6 95 6.3 1 16.7/0.001 
Mean 16 10 6 37.5 89.1 5.47 0.3   
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4. Discussion 

The high catch efficiency and selectivity of long-lines, in general, result from the behavior of European catfish. European catfish 
inhabit a wide range of aquatic environments, including littoral, epipelagic, and other pelagic zones, and can even be found at depths 
of up to 60 m [13]. However, European catfish primarily spend the majority of their hunting and movement time in the epipelagic 
habitat while resting in the littoral zone [8,45]. In contrast, other predators, such as Northern pike or pikeperch, primarily inhabit 
deeper regions of meso-to bathypelagic habitats [45,46], with Northern pike also occupying littoral habitats [46]. Consequently, 
long-lines can serve as a suitable selective method for European catfish when placed in epipelagic habitats, setting them apart from 
other predatory species. Pike was the most common by-catch on the long-lines, particularly at areas with a large pike population 
exceeding 85 cm TL. The by-catch of Northern pike accounted for up to 20 %, reaching an extreme of 31 % at Milada lake, where the 
pike population is unusually high [3,46]. The estimated size of the large pike population (based on recaptures) at Milada lake was 
around 220 individuals, ranging 60–120 cm in size, with a mean mass of 8.9 kg [46]. This translates to a total biomass of 1958 kg in the 
lake (ind. >60 cm TL, excluding smaller ind.). When scaled to the lake’s area, it corresponds to a biomass of 7.83 kg/ha. The biomass of 
large pike in this context is approximately 22 % greater than the biomass of large catfish (6.1 kg/ha). However, such areas are sparse. 
Pikes with a size of 60–120 cm are rare at localities with a strong population of catfish, or are completely absent. On average, the 
by-catch constitutes around 14 %, and this ratio can be further reduced by using bait fish >30 cm TL. Other predatory fish species did 
not significantly exceed 0.5 % of the catch. At Portuguese sites, there were only two instances of by-catch involving other species: one 
native barbel (Luciobarbus sp.) and one invasive pikeperch, which is highly abundant in these areas [47,48]. 

The method’s selectivity in freshwater environments offers a significant advantage, unlike in marine environments where long-line 
fishing poses an existential threat to various species. Many marine creatures, including sharks, sea turtles, seabirds, and marine 
mammals, suffer as by-catch [31,49]. In freshwater settings, no non-fish species by-catch was recorded. When it comes to fish by-catch, 
only large predatory fish species were observed, with no non-predatory fish. This stands in stark contrast to other ichthyological 
methods, such as active and passive net methods and electrofishing, which tend to produce substantial fish by-catch (as supported by 
our results [26]). Furthermore, the use of gillnets, a frequently employed passive fishing gear, can result in a significant underesti-
mation of European catfish populations [50–52]. The commonly used benthic and pelagic multimesh gillnets, encompassing twelve 
mesh sizes following EU norms (ranging from 5 mm to 55 mm [37]), are found to be inadequate. Even large-mesh gillnets with mesh 
sizes of 70, 90, 110, and 135 mm (knot-to-knot, 10 m panels) appear to be insufficient for capturing European catfish effectively [38]. 
Based on our observations, it appears that the efficiency will increase only slightly. Even the use of atypical gillnets (commonly 
employed by commercial fishermen in marine environments) with 105-, 90-, and 70-mm knot-to-knot mesh size has not proven to be a 
very effective method for catching catfish. These gillnets consist of continuous panels, each 40 m in length and 6 m in height, and they 

Fig. 6. Comparison of the efficiency of fishing methods in terms of CPUE (Catch per Unit Effort, i.e., per 1 man-hour) and BPUE (Biomass per Unit 
Effort, i.e., per 1 man-hour) for catfish (a, c) and other fish species categorized as by-catch (b, d). The analysis encompasses seven different fishing 
nets (B 12 CEN, P12 CEN, B4, P4, 105 mm, 90 mm, 70 mm), electrofishing (day and night), fyke nets, and long-lines. The data is presented using box 
and whisker plots, which illustrate the mean ( × ), upper and lower quartiles (boxes), median values (line within the boxes), maximum and 
minimum values (whiskers), and outliers (circles). 
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also result in a significant number of by-catch. Additionally, our experience indicates that larger catfish individuals significantly 
prolong the handling time (in hours), as these fish are vital and possess powerful eel-like tails that can move and entangle the net 
during extended exposure. When trapped overnight, even a 1-m-long fish could completely destroy up to 10 m2 of gillnet. The poor 
catch efficiency of these nets can be attributed to the European catfish’s large cylindrical body shape (resembling a frog-like head), 
slimy scale-less skin, distinct ability for reverse swimming, and its unconventional ecology and behavior [8,53]. Fyke nets seem to offer 
a relatively acceptable method for capturing European catfish in terms of CPUE and BPUE. However, even this method results in a 
significant number of by-catch. Electrofishing appears to be an efficient but non-selective method for capturing catfish, as Carol 
suggests [54]. Daněk et al. [55] and Guilleault et al. [14] have also considered electrofishing to be the most efficient method. Slavík 
and Horký [56] have used this method successfully to capture catfish in rivers in the Czech Republic. Thus, electrofishing is generally 
considered a useful method and is utilized accordingly. However, it does have several disadvantages. It is not efficient at large and deep 
(>1.5 m) water bodies, such as canyon-shaped reservoirs, deep lakes, or gravel pits, due to the limited reach of the electric current 
[57]. However, in our experience, this method is particularly effective for significantly smaller (juvenile) individuals and can, 
therefore, be considered a suitable supplementary method for hunting or reducing the numbers of small individuals. Large individuals 
are also less attracted by galvanotaxis and can escape when the electrofishing system approaches. They are not drawn to the anodes but 
tend to sink to great depths from which it is nearly impossible to fish them out, or they may become stuck in obstacles. Capturing and 
retrieving them, especially getting them onto the boat, is especially challenging. In our experience, long-lines are remarkably more 
effective, particularly with regard to BPUE, compared to all other tested methods. The catch efficiency at all study sites was consis-
tently high. 

Despite the significant differences in the characteristics of the study sites, the effectiveness of the long-lines was very similar. For 
instance, at Žlutice reservoir, a shallow eutrophic location with the littoral zone rich in vegetation, an average of 5 branch lines were 
required to catch one European catfish per day. On the other hand, at characteristically different Římov reservoir, with its deep canyon 
shape and absence of vegetated littoral areas, an average of 6.8 branch lines were needed to catch one European catfish per day. When 
averaged across nine study sites, it required only 5.6 branch lines to catch one European catfish per day. This allows us to estimate the 
number of branch lines needed to catch a desired quantity of catfish. The effort required to reduce the entire population at a specific 
location is discussed by Veǰrík et al. [8]. The lower efficiency of the long-lines at three locations on the Tagus River in Portugal, where it 
took 14.4 branch lines per day to catch one catfish, was likely due to using only dead baits. Our observations suggest that dead baits are 
only about 1/4 as effective as live baits. Another important factor to consider is that the catfish invasion in these areas occurred 
relatively recently [5,58], and, therefore, the population of this long-lived fish may not be fully established yet [2,9]. The pronounced 
preference of indigenous catfish for benthic prey, primarily crayfish, may exert a notable influence [58]. Nonetheless, the potential 
impact of distinct and insufficiently researched environmental factors such as altitude, latitude, mean temperature, or flow cannot be 
discounted. 

According to Veǰrík et al. [8], the majority of European catfish at Czech study sites were primarily caught at night, accounting for 
over 81 % of catches. In contrast, 75 % of European catfish at Portuguese study sites were caught during the day. Hence, it is essential 
to consider the variable diurnal behavior of European catfish in different locations and to use the long-lines during both day and night. 
Seasonal factors [8] and latitudinal aspects also play a significant role. 

European catfish primarily locate their prey through water ripples created by the movement of the prey, and possibly, by the scent 
of the prey [27]. Therefore, our hypothesis was based on the assumption that a shorter version (60 m) of the long-line would yield more 
catches per one branch line than a longer one (235 m), as baits concentrated in a smaller area would generate more pronounced water 
ripples and a higher concentration of scent. Although the difference was statistically insignificant, it was slightly more efficient to place 
branch lines further apart (15 m compared to 5 m). This suggests that an expanded distribution of branch lines, along with coverage 
over a greater area, enhances the likelihood of a European catfish encountering bait. Consequently, a long-line configuration featuring 
a 15 m spacing between branch lines proves more efficient compared to a 5 m spacing, particularly when the branch lines are 
concentrated within a confined area. 

The hypothesis that catch efficiency is higher during the first day at a particular location compared to the second day has been 
confirmed. However, the catch rate remained sufficient during the second day, and the average size of European catfish was larger 
compared to the first day. This phenomenon is likely caused by the faster metabolism of smaller individuals, which compels them to 
hunt for prey more actively [2,9], making them more vulnerable to capture at the specific location. Therefore, it is recommended to 
move the long-line daily if maximum catch efficiency is desired. Furthermore, relocating the long-line to a new site at least a few 
hundred meters away is advisable because European catfish, in their pursuit of prey, can cover distances ranging from hundreds to 
thousands of meters per day [45]. 

The optimal bait size is observed to be approximately 23 % of the desired TL of catch. With a basic understanding of the local catfish 
population dynamics, selecting the optimal bait size becomes straightforward. In the absence of such knowledge, it is recommended to 
employ a variety of baits spanning a wide range of sizes. When live fish alternated with dead fish on the long-line, 71 % of catches came 
from live bait fish. However, it is worth noting that the use of live fish as bait is a controversial issue. While it is common in most parts 
of the world [59], some European countries, like Germany, Austria, Scotland, Ireland (in freshwater), and Switzerland, have banned it 
for animal welfare reasons [60]. The debate centers on whether fish can feel pain. Several studies [61] suggest that fish may not have 
the same nociception range as humans and other mammals, and they are unlikely to experience pain. In the European Union (EU), 
live-bait fishing was debated, and as of January 10, 2023, it is not banned. EU citizens made the request, but Commission Delegated 
Regulation (EU) 2020/9907 does not prohibit the use of live bait for fishing. In most EU countries and worldwide, the use of live bait 
fish remains a personal choice. If live bait fish is allowed by local legislation or personal preference, it is the most effective option; 
otherwise, catches with dead bait fish are expected to be significantly lower, around one-quarter of those using live bait fish. 
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Earthworms serve as a good alternative bait, with catch rates comparable to or even higher than live fish. However, it appears smaller 
catfish prefer earthworms, while larger ones may ignore them. In terms of fish species preferences, there was no significant difference, 
with rudd being the most caught species (39 %) and roach the least (30 %). This preference does not align with their natural diet, where 
roach predominate [3] and is likely influenced by the behavior of the species in their natural aquatic environment, a behavior that may 
not be evident when using fish as bait. As a result, it is possible to use any type of fish of a suitable size, provided they are resilient 
enough to survive on the hook (fragile fish such as bleak (Alburnus alburnus) should be avoided). In the case of Most lake with a 
significant portion of waterfowl in the catfish diet consists [3], a chicken wing from supermarkets as an alternative bait was tested. 
However, it proved to be less efficient than dead bait fish. Thus, when using a motionless bait, European catfish clearly prefers the fish 
possibly due to the smell being the second most important factor in prey detection [27]. Interestingly, red swamp crayfish, a significant 
part of the European catfish’s diet in the Tagus River basin (>50 % [58]), was found to be inefficient for bait. In contrast to their dietary 
preferences, only 8 % of catches were realized on red swamp crayfish, whereas 92 % on juvenile European catfish as a bait, which is the 
minor prey of adult European catfish at the study site (3.6 % [58]). 

Some studies on various fish species have shown that certain behavioral traits can affect the likelihood of being caught with lures or 
bait. Fast explorers are more susceptible to capture compared to their more cautious counterparts [28,62]. Additionally, fish with 
larger home ranges have a higher capture probability [63]. Once caught by angling and released, fish can remember the experience and 
may exhibit hook avoidance [29,64]. Fish can forget threatening stimuli, with forgetting times ranging from 8 to 55 days without 
reinforcement [64–66]. However, some species, like the common carp (Cyprinus carpio), can retain this memory for up to six months 
[29]. This information can help target specific behavioral traits in the catfish population, or conversely, avoid using bait that has 
previously been used on catfish that were caught before. We aimed to investigate the two phenomena considering the frequency of 
tagged catfish (individuals being released after previously caught on the long-lines and tagged) caught again by three different 
methods. The analysis of these data did not reveal a clear trend indicating that the long-lines underestimated the portion of the 
population more easily caught by other fishing methods. To our knowledge, it remains uncertain whether there is a specific group of 
catfish individuals that are less likely to be caught on the long-lines. However, it is evident that using alternative catching methods is 
unlikely to resolve this issue. Regarding the problem of hook avoidance after being caught, our observations suggest that catfish may 
avoid the hook for several days. Out of a thousand individuals caught, we had only four cases of recapture during a four-day campaign. 
However, based on the frequency of recaptures using long-lines, electrofishing, and fyke nets, it appears that catfish reliably forget this 
experience after a few months. In conclusion, it does not seem that the long-lines significantly select a specific catfish subpopulation 
compared to other methods, nor does the probability of recapturing an individual drop significantly after it has been previously caught 
on bait. 

This study provides a detailed analysis of the most successful method for capturing adult European catfish, a challenging fish 
predator [26]. It describes and evaluates the various characteristics and features that enhance the catch efficiency. European catfish 
have become invasive in many areas, posing a significant threat to native aquatic fauna [2]. As such, this method serves as an ideal tool 
for regulating, reducing, and potentially eradicating European catfish populations in non-native environments [8]. The method is 
highly effective for capturing adult individuals, which are the primary threat to aquatic ecosystems. Additionally, it addresses in-
dividuals involved in reproductive cycles, helping to control and reduce catfish numbers and biomass in these areas. For reducing 
juvenile catfish, electrofishing proves to be an effective complementary method. Electrofishing can be used in conjunction with the 
long-lines, not only for targeting smaller individuals but also for obtaining bait fish, whether alive or dead. Using bait fish from the 
local catch site reduces the risk of introducing foreign pathogens to different areas [59]. In native habitats where European catfish 
presence is desired, the long-lines can be employed to capture a sufficient number of individuals for scientific or conservation purposes. 
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Lukáš Vejřík: Conceptualization, Investigation, Methodology, Statistics, Visualization, Writing original draft, Resources. Ivana 
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[26] L. Veǰrík, I. Veǰríková, J. Peterka, M. Čech, Methods for capturing catfish and potential regulation of catfish population, in: Owen P. Jenkins (Ed.), Advances in 
Animal Science and Zoology, Nova Science Pub., 2019, pp. 135–142. ISBN: 978-1-53616-048-2. 

[27] K. Pohlmann, J.W. Atema, T. Breithaupt, The importance of the lateral line in nocturnal predation of piscivorous catfish, J. Exp. Biol. 207 (2004) 2971–2978. 
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[35] C.T. Monk, B. Chéret, P. Czapla, D. Hühn, T. Klefoth, E. Eschbach, R. Hagemann, R. Arlinghaus, Behavioural and fitness effects of translocation to a novel 

environment: whole-lake experiments in two aquatic top predators, J. Anim. Ecol. 89 (2020) 2325–2344. 
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