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ARTICLE INFO ABSTRACT

Catfish have spread across Europe and several countries out of this region within the last decades. Basic
knowledge of this apex predator has revealed concerns of invasive behaviour and questions regarding its uti-
lization as a biomanipulation species. However, a method enabling its regulation to a required level has not yet
been developed. We simulated the impact of angling on the catfish population by method of hook-lines in two
post-mining lakes with a monitored population consisting of tagged individuals and in two reservoirs as re-
ference sites. Further, the efficiency of hook-lines as a reducing device was examined and the economic aspects
were determined. Catfish population in localities where the species is unwanted or invasive may be efficiently
reduced to a harmless level by hook-lines and angling (depending on the approach of anglers). The most efficient
time of the year seems to be spring to early summer with catch efficiency of 5.4 individuals per 10 baits in one
day. The catch efficiency markedly decreased during the second part of the year and did not exceed 2.8 in-
dividuals per 10 baits in one day. Mean size of catfish had negative impact whereas catfish biomass had positive
impact on the catch efficiency. Trophic status and number of catfish in the locality had no impact on the catch
efficiency. According to model, 11-18 bait-days per 1 ha per season is efficient to decrease catfish population to
10% of the original size. Both angling and hook-lines are very simple, they are financially and time bearable
mechanisms of catfish regulation in any condition. However, catfish play an important role as a biomanipulative
species in many localities. In this case where catfish is beneficial, angling presents a real threat of population
collapse and loss of the biomanipulative effect.
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et al., 2011). Pressure produced by a recreational activity may effec-
tively lead to the disappearance of several species (Post et al., 2002;
Hunt, 2005) and destabilisation of the ecosystem by changes to trophic

1. Introduction

Angling fundamentally affects aquatic ecosystems, particularly the

composition of the fish community, including its size and structure,
drivers of evolution, overall changes in biota and water quality (Lewin
et al., 2006; Laugen et al., 2014). Similarly, fisheries-related activities
such as stocking of hatchery-reared fish or fish introductions may ra-
dically change a fish community, other organisms and ultimately entire
aquatic ecosystems (Pauly, 1995; Robinson and Frid, 2003; Allan et al.,
2005; Frank et al., 2005; Mullon et al., 2005). Commercially important
fish species are for the most part affected by commercial fishing
(Jorgensen et al., 2007), whereas populations of apex predators are also
considerably affected by angling (Hunt, 2005; Lewin et al., 2006; Last

cascades and trait-mediated effects (Arlinghaus et al., 2002; Myers
et al., 2007). However, only limited information dealing with the im-
pact of angling is known, particularly in freshwaters (Lewin et al.,
2006).

Apex predators play a key role in driving the aquatic ecosystem.
They affect the entire food web due to their generalism (Sinclar et al.,
2003; Vejtik et al., 2017a, 2017b). All parts of the food web are directly
or indirectly affected by the presence of apex predators, including
mesopredators (Prugh et al., 2009; Ripple et al., 2014). Lately, numbers
of apex predators are generally decreasing and thus people have
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realized their non-substitutability in the ecosystem (Veit et al., 1997;
Myers et al., 2007; Stone, 2007; Ferretti et al., 2010). The main fresh-
water apex predator in Europe is the European catfish (Silurus glanis)
and its native area is Central and Eastern Europe (Copp et al., 2009).
Catfish is the biggest freshwater fish in Europe and the third biggest
freshwater fish in the world (Stone, 2007; Copp et al., 2009). This may
be the reason why there are a lot of myths connected with the catfish.
Moreover, it is difficult to study, so practically no information was
known about it for decades (Boulétreau and Santoul, 2016). Knowledge
about the ecology of catfish has been progressively revealed in the last
years (Syvdranta et al., 2010; Guillerault et al., 2015; Vejiik et al.,
2017b). The insufficient number of studies focused on catfish is mainly
caused by the low efficiency of standard sampling methods (Alp et al.,
2003). Methods used for capturing catfish are described in Supple-
mentary materials (S1). It is difficult to capture catfish despite the fact
that the number of catfish is generally increasing in comparison to other
apex predators (Carol et al., 2007; Copp et al., 2009; Cucherousset
et al., 2012; Cunico and Vitule, 2014). However, the populations of
catfish in its native area cannot practically reach carrying capacity due
to rather intensive fishing (Copp et al., 2009). For instance, 6543 tons of
catfish were caught in the previous decade, whereas 8096 tons were
caught in the last decade in Russian Federation (Fig. 1). In native lo-
calities, catfish is a subject of both angling and commercial fishing due
to its high-quality meat (Linhart et al., 2002).

Catfish has also been introduced to new localities such as Western
and Southern Europe where it is regarded as an invasive species (Carol
et al., 2007; Cucherousset et al., 2012). It is a paradox, that no com-
mercial fishing, angling or harvesting is provided in non-native lo-
calities where catfish is unwanted species. No catches of catfish are
registered in statistics of Food and Agriculture Organization (FAO) from
Belgium, Netherlands, Spain or Italy. Limited harvest from Western
Europe is probably known only from France, where on average 35 tons
of catfish is caught from the open freshwaters. However, this biomass
recorded from France is markedly lower than biomass of catfish caught
in native countries (FAO, 2018, Fig. 1). Invasions are in general serious
threats to freshwater ecosystems (Dudgeon et al., 2006). Recent work in
Germany and the USA has shown that body size is a key determinant of
angler motivation across a range of species (Arlinghaus et al., 2014).
The large body size of catfish is the main reason for illegal introduction
outside its native range (Hutt et al., 2013; Cucherousset et al., 2018).
Catfish as an apex predator may dramatically affect localities such as
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Iberia and other countries in Southern Europe where high endemism of
small-bodied fish species combines with an absence of native pisci-
vorous fishes (Copp et al., 2009). These species-unsaturated localities
are more susceptible to invasion by non-native species because there is
a vacant ecological niche and interspecific competition is less intense
(Kennedy et al., 2002). According to the Fish Invasiveness Scoring Kit
(FISK), catfish poses a high risk in these areas (Almeida et al., 2013),
whereas this fish is classified in medium risk category according to
European Union (Copp et al., 2014). Considering the wide diet plasti-
city of catfish (Vejiik et al., 2017b), it affects not only fishes, but also
other vertebrates such as waterfowl (Carol et al., 2009).

Catfish is a successful apex predator that fundamentally influences
the ecosystem (Copp et al., 2009; Vejiik et al., 2017b). Thus, the impact
may be profitable but also extremely unfavourable depending on the
locality. Catfish has several unique characteristics that pose it to a role
of an ideal species for biomanipulation, such as low requirements for
water quality, longevity, tolerance to manipulation (Copp et al., 2009),
ability to form abundant population (Boulétreau et al., 2011), wide diet
plasticity and lower gape limitations in comparison with other pre-
dators (Vejiik et al., 2017b; Boulétreau et al., 2018). Biomanipulation
may be applied to obtain or maintain high water quality in reservoirs
for drinking water (Vasek et al., 2013) or in recreational water bodies
such as post-mining lakes (Vejiik et al., 2017b). High potential is as-
sumed in a mild climate due to good prosperity of catfish in warmer
water (Britton et al., 2007).

In terms of the impact of angling on catfish, only two studies, to our
knowledge, have been published so far (Britton et al., 2007; Boulétreau
et al., 2016), however these studies did not evaluate the required im-
pact of angling on the catfish population (Cadrin and Pastoors, 2008).
Due to, increasing importance of the species, present study reveals
needed information about control of catfish population in localities
with its unwanted presence, but also catch and mass quotas of catfish
for localities with its wanted presence that will ensure long-term sus-
tainability of the populations. Further, we evaluated the financial
budget of a catfish fishery that is commonly ignored. In addition, we
used hook-lines, an efficient method for capturing catfish (Vejiik et al.,
2017b), which can be used for both scientific and manipulation (reg-
ulatory) purposes. Catfish individuals in the study sites were tagged,
their abundances and biomasses were known and thus our study has a
unique experimental design conducted under natural conditions. The
main findings are discussed in two sections focused on i) sustainability
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Fig. 1. Mean annual harvest of catfish in
tons from open freshwaters in countries
where harvesting is carried out according to
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Fig. 2. Study sites with GPS locations marked in the map of the Czech Republic (capital: Prague).

of catfish population when the desired management outcome is either
water quality or angling opportunities, and ii) usage of hook-lines as a
tool to reduce an invasive species.

2. Material and methods
2.1. Study sites

The study was conducted in two water bodies created after aquatic
restorations of lignite mining pits, Milada and Most Lakes, Czech
Republic (Fig. 2). The oligo-to mesotrophic Milada (250 ha,
36 x 10°m®, max. depth 25 m) was flooded with water between 2001
and 2010. European catfish was introduced in 2007 (316 individuals,
mean mass 1.2 kg) for biomanipulation purposes. The oligotrophic Most
(311 ha, 70 x 10°m®, max. depth 75 m) was flooded between 2008 and
2014. European catfish (694 individuals, mean mass 3.7 kg) was in-
troduced in 2011, 2012 and 2013. In Most, all catfish individuals were
individually tagged with a passive integrated transponder tag (PIT-tag,
Oregon RFID, fullduplex, length 12 mm, diameter 2.15mm, weight
0.11g, 11,784/11,785 compatible). In Milada, catfish individuals were
tagged when they were captured by hook-lines. Both lakes present a
new type of water body that appears throughout Europe nowadays
(Sienkiewicz and Gasiorowski, 2017) and both were naturally colonized
by perch (Perca fluviatilis), rudd (Scardinius erythrophthalmus), roach
(Rutilus rutilus) and ruffe (Gymnocephalus cernua; for details see
Vejiikova et al., 2016). Maintaining good water quality is an important
feature of both lakes and fish predators play the main role in bioma-
nipulation there (Vejiik et al., 2017b). Angling is currently forbidden,
however it is expected to be allowed in the future. Two dam reservoirs
for drinking water were used as reference sites: Rimov Reservoir
(210 ha, 34 x 10°m>, max depth 45 m) and Zlutice Reservoir (161 ha,
16 x 10°m?, max. depth 23 m) (Fig. 2). Both reservoirs are eutrophic,
and catfish are stocked regularly (50 individuals, i.e. ca. 110kg per
year) for biomanipulation purposes (for more details see Vasek et al.,
2013).

2.2. Fish sampling

Animal treatment (including fish sampling and stomach content
analysis) was performed in accordance with guidelines from the
Experimental Animal Welfare Commission under the Ministry of
Agriculture of the Czech Republic (Ref. No. CZ 01679) and with per-
mission of Palivovy kombinat Usti, state enterprise, the owner of
Milada and Most Lakes, and the Vltava River Authority, administrator
of Rimov and Zlutice Reservoirs. The work was approved by the Ethics
Committee of the Czech Academy of Sciences. The field study did not
involve endangered or protected species.

European catfish from both lakes and both reservoirs were caught
by hook-lines. The method is illustrated in the Graphical abstract and a
detailed description may be found in Supplementary materials (S2) and
Vejiik et al. (2017a). Altogether 30 individual bait fish on 3 hook-lines
were used each day of sampling. Most of the catfish were caught during
the night (81-98%; depending on the water body). All individuals were
measured (total length, Lt) and the codes of their pit-tags were re-
corded. We spent 32, 28, 12 and 8 days in Most, Milada, Rimov and
Zlutice, respectively.

To obtain reliable estimates of the fish biomass of the entire fish
community, detailed sampling was conducted in all water bodies be-
tween 2012 and 2016; between July and September. Each water body
was sampled during the course of 4-5 days in one year by multimesh
gillnets according to EU standard (CEN, 2015; for details see Blabolil
et al. (2017)).

2.3. Simulation of anglers activities

Hook-lines (Vejiik et al., 2017a) authentically simulate angling with
a supporting buoy that is commonly used for catfish angling. The two
baits simulate the two tips that are normally used by one angler, so that
we simulated 15 anglers each day. See supplementary materials (S2) for
a detailed description of the simulation of angling in accordance with
current fishing regulations of the Czech Fishing Union (CFU, 2017).

The simulations were conducted in June-July 30-4, August 25-28,
September 15-19 and November 17-21 in Milada Lake, and in June
23-27, August 18-22, September 1-5 and November 4-8 in Most Lake.
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Table 1
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Abundance, biomass and mean size of catfish (individuals > 70 cm Ly captured by hook-lines) based on the Recapture method and number of recaptured individuals

in Milada and Most Lakes, and Rimov and Zlutice Reservoirs.

Locality Estimated size of the population Ind. ha™! Biomass ha~! Mean mass (kg) Mean length (cm) No. of caught individuals No. of recaptures
Milada 186 0.74 6.1 8.2 103 93 37

Most 576 1.85 7.6 4.1 85 232 74

Rimov 211 1.00 11.8 11.7 116 47 3

Zlutice 167 1.04 8.5 8.2 102 57 6

The sampling campaigns covered basically the entire angling season
(between June 16 and December 31, i.e. 199 days per year). Catches
from May (May 3-7 in Milada, May 9-13 in Most) were not used for
calculations due to national prohibition of angling for predatory fish.
Catfish larger than 70 cm were used to calculate the angling pressure
(see Supplementary materials S3). It is impossible to catch all in-
dividuals of catfish from the locality on bait, thus it is practically im-
possible to reduce fish population to 0% of the previous size (Britton
et al., 2007). That is why our results show reduction to 10% as a
terminal value. Sampling campaigns in the reference reservoirs were
conducted in 2017 in April 17-21, May 15-19 and July 17-21 in Rimov
Reservoir, and in May 22-26 and July 24-28 in Zlutice Reservoir.

2.4. Temperature

Water temperature was measured between 12:00 and 14:00 during
the sampling campaign at each site. Measurements were made at 1 m
depth intervals using a calibrated YSI 556 MPS probe (YSI
Incorporated-Yellow Springs, Ohio, USA). The temperature of the epi-
limnion was used for the purpose of this study since catfish is a warm
water species (Copp et al., 2009).

2.5. Statistical analyses

Mark and Recapture calculations (Schnabel, 1938) were used to
estimate the number of individuals in a population, i.e. population size
in our study and reference sites:

Yo, Mi Ci
YR
where N stands for population size, Mi for total number of previously
marked animals at time i, Ci for number of individuals caught at time i,

and Ri for number of marked animals caught at time i.
Survival rate of the catfish population per one visit (S) is calculated

N

as

where Uj is the catch per one visit calculated as the total number of
catches within the month divided by 60, since catching effort applied in
each month was equivalent to 30 full-day visits of one anglers with two
rods.

Mortality rate caused by anglers per one visit (z) was calculated as:

z=—-InS

Efficiency of the catching differed during the year, thus z was cal-
culated for each month separately (June-July, August, September and
November). Values for the missing months were calculated as means of
the previous and the following month.

The number of individuals in the population, with regard to mor-
tality rate (caused by anglers or hook-lines), was calculated as:

N, = N, * e &F

where N stands for the number of individuals in the previous day, and
E for expected catching effort in a given day (i.e. number of visit of
anglers).
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The decrease of the catfish population was modelled day by day in
the angling season for all sites. Natural mortality was considered as
negligible in comparison to mortality caused by anglers.

The mean cost of 1 kg of catfish sold as a live fish (7.5 €) was set in
accordance with companies selling fish meat registered in The Czech
Fish Farmers Association (www.cz-ryby.cz). A fishing licence in ac-
cordance with the Czech Fishing Union costs 44.5 € in 2017 (valid all
year) and allowed fishing in one region (in our case, 111 fishery lo-
calities of the total area 4621 ha) of the Czech Republic (CFU, 2017).

The effect of temperature and season on catfish catch rate was tested
by general linear model (GLM), where lake identity was set as random
factor.

Five variables — prey fish biomass (fish up to 2.5 kg mass), trophic
status (total phosphorus), number of catfish in the water body, biomass
of catfish in the water body and mean size of catfish — were used to
identify the best model that explained catfish catch per 10 baits during
a day. Stepwise linear regression without interaction terms was applied
to choose the model with maximum likelihood, as determined by the
lowest Akaike Information Criterion (AIC) value (Venables and Ripley,
2002). The AIC deals with the trade-off between the goodness of fit of
the model and the simplicity of the model (number of variables), or the
risk of overfitting and the risk of underfitting (Sakamoto et al., 1986).

All statistical analyses were conducted using R software version
3.4.2 (R Core Team, 2017).

3. Results

Number of caught catfish, their lengths, masses and estimated size
of their populations (individuals > 70cm L) in individual water
bodies based on the Recapture method are summarized in Table 1.

3.1. Catch efficiency dependent on season

May was the second most efficient month in both Milada and Most.
The first half of the sampling campaign was more efficient than the
second in both lakes. Water temperature ranged from 12.1 to 16.3°C
during sampling in May (Fig. 3). Catfish catch rate was significantly
dependent on season (GLM, F; », = 10.0, p < 0.01) contrary to tem-
perature (GLM, F;; = 0.8, p > 0.05). The most efficient time was
June-July (water temperature 19.1-20.2 °C). The mean efficiency was
2.8 and 5.4 individuals per 10 baits in one day for Milada and Most,
respectively. Efficiency of catching had a decreasing tendency in the
following months, even in August when the water temperature was the
highest (22.1-23.5°C). In terms of the reference sites, the catch effi-
ciency was 1.8 individuals per 10 baits in one day for Rimov in April. In
May it was 0.75 and 2.4 individuals per 10 baits in one day for Rimov
and Zlutice, respectively. In July it was 1.3 and 2.8 individuals per 10
baits in one day for Rimov and Zlutice, respectively.

3.2. Parameters influencing the catfish catch

The most parsimonious model identified by stepwise linear regres-
sion for catfish catch per 10 baits during a day with the lowest AIC
consisted of two parameters:

No. of Catfish 10 baits~! Day ~! = 5.098* - 0.494 Mean length of
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catfish* + 0.177 Biomass of catfish (AIC = —15.24, adj. R? = 0.988,
p = 0.063, length in mm, biomass in kg ha™1).

Asterisk indicates the significance levels at which the estimated
parameters in the model formula differ from zero: * for p < 0.05. The
model predicted a negative influence of mean size of catfish, and a
positive effect of catfish biomass. The variables as prey fish biomass,
trophy and number of catfish in the locality were not chosen by the
model. Model predictions closely matched observations with all ob-
servations falling in the 95% prediction confidence interval (Fig. 4).

3.3. Simulation of reduction of catfish population

In total, 3582 bait-days would be needed to reduce the catfish po-
pulation to 10% of the original size in Milada, i.e. 14.3 bait-days per
1ha (average for the entire angling season between June 16 and
December 31). It corresponds to the visits of nine anglers each day
during the entire season per lake (Fig. 5a). If 20 anglers visited Milada

Catfish 10 baits*day™
3

Milada  Most  Rimov  Zlutice

Fig. 4. Comparison of observed catfish catch per 10 baits during a day (black
dots) and model predictions (empty dots) with 95% confidence interval (error
bars) in all study and reference sites.

each day, the catfish population would be reduced to 10% already on
August 1, i.e. after 46 days of the angling season.

In total, 4776 bait-days would be needed to reduce the catfish po-
pulation to 10% in Most, i.e. 15.4 bait-days per 1 ha (average for the
entire angling season between June 16 and December 31). It corre-
sponds to the visits of 12 anglers each day during the entire season per
lake (Fig. 5b). If 20 anglers visited Most each day, the catfish popula-
tion would be reduced to 10% already on August 21, i.e. after 66 days of
the angling season.

In terms of reference sites, 3800 and 1840 bait-days are needed to
reduce the catfish population to 10% in Rimov and Zlutice, respec-
tively. It corresponds to 18 and 11 bait-days per 1ha in Rimov and
Zlutice, respectively. If 20 anglers visited Rimov and Zlutice each day,
the catfish population would be reduced to 10% after 95 and 46 days,
respectively.

4. Discussion

A method of hook-lines was described in this study as an efficient
method for capturing catfish. We evaluated its efficiency as a me-
chanism for catfish regulation, compared this method with regular
angling and evaluated the financial impact of the issue. Further, we
focused on the benefits and threats connected with the presence of
catfish depending on the locality.

Based on the Recapture method, the catfish population in Most was
estimated at 576 individuals, this is 17% less than the total number of
stocked individuals (694). This somehow corresponds to the natural
mortality of farmed and subsequently stocked fish which is roughly
estimated to be around 10% (Copp et al., 2009). Natural recruitment of
catfish in Most was not considered due to its short presence in the lake
(3 years) when early recruits would not have reached sufficient length
(Vejtik et al., 2017b). Thus, error in estimate should be under 10% and
so the results based on Recapture method can be considered as valid
(Robson and Hegier, 1964). Estimations of the catfish population in
Milada, Zlutice and Rimov were 186, 167 and 211, respectively. Seber
(1982) recommended two estimators of reliability of the estimated
population size. The estimated value is unbiased if (M + C)/N = 1 and
nearly unbiased if there are at least seven recaptures of marked animals
(R > 7). In our case, (M + C)/N for Zlutice and Rimov (reference
reservoirs) were 0.4 and 0.2 indicating a certain distortion of the esti-
mated population size. The values were 0.7 and 0.5 for the main study
sites Milada and Most Lakes, respectively, indicating a low distortion.
The sufficient number of recaptures (R > 7) was not reached in Rimov
and Zlutice with only 3 and 6 recaptured individuals, respectively.
Whereas 37 and 74 individuals were recaptured in Milada and Most,
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Fig. 5. Modelled impact of anglers on the
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respectively. Thus, the estimated population sizes should be very close
to real values in Milada and Most Lakes, whereas we can consider a
certain distortion in comparison to real values in Rimov and Zlutice.

The first scenario of the catfish population in the ecosystem is its
beneficial presence. Wysujack and Mehner (2005) claimed that catfish
is not efficient as a biomanipulative species. However, their study is
based on small catfish (mostly < 80 cm Ly), which is hardly sufficient
considering its growth potential (up to 250 cm Ly; Boulétreau and
Santoul, 2016). This is probably the reason why Vejrik et al. (2017b) or
Boulétreau et al. (2018) presented entirely opposite results, i.e. clear
impact of catfish on the entire fish community, including frequent
consumption of large prey (up to ca. 70 cm Lt and ca. 3kg). The diet
spectrum of catfish is wide, thus the entire fish community is affected
by predation pressure that is spread evenly across species, which means
moderate pressure on a particular species (Syviranta et al., 2010).
Therefore, the high effect of biomanipulation provided by catfish may
be achieved by maintaining of a numerous population (Vejiik et al.,
2017b). In contrast to other fish predators, catfish is able to survive at
high density in the ecosystem thanks to its low cannibalism (Vejiik
et al., 2017b) and long lifespan (Copp et al., 2009). Biomanipulation
efficiency may be noticeably increased by a synergic predation effect,
when pike and perch are the additional predators present in the system
(Wasserman et al., 2016).

Access to anglers according to the rules of the Czech Fishing Union
would cause a decrease in the catfish population to over 90% during the
first season in both study sites. Daily visits of 9 and 12 anglers from
June 16 to December 31 would be enough in Milada and Most, re-
spectively. The consequences would be i) severe decrease of biomani-
pulative effect (Vejiik et al., 2017b), ii) loss of ecologically stable po-
pulation, and iii) substantial financial losses to the fishery. Comparing
the income from licences and the costs of fish captured, the seasonal
financial loss in Milada would be 10,295 € (41.2 € per ha) corre-
sponding to 231 of sold annual fishing licences. The seasonal financial
loss in Most would be 15,941 € (51.4 € per ha) corresponding to 358 of
sold annual fishing licences. At the beginning of the angling season,
each angler would catch on average 0.5 and 1.1 catfish per visit to
Milada and Most, respectively. Considering the mean mass of catfish
(8.2kg and 4.1 kg in Milada and Most, respectively), it would corre-
spond to an angler's theoretical income of 30.75 € and 33.83 € per visit,
which is 69% and 76% of the cost of the annual fishing licence. The
angling success would naturally quickly decrease depending on the visit
rate and numbers of remaining catfish. The cost of one multi-hooks
system used for hook-lines (excluding bait fish) ranges from 5.5 €
(medium quality) to 10 € (high quality) and a standard hook-line
contains 10 multi-hooks systems. Its durability is between 5 and 11 of
caught fish but the ideal time for replacement is after six caught fish.
Thus, angler's profits from fish caught on one multi-hooks system were

Aug-15

Sep-15
Date

Oct-15 Nov-15

307.5-676.5 € and 153.8-338.3 € for Milada and Most, respectively.
These basic economic calculations, considering cost of captured catfish
versus cost of fishing licences, showed that this system would be un-
sustainable. As mentioned by Boulétreau et al. (2016), different fish
species vary in their reaction to attempts to recapture. Either a hook
avoidance induced by angling pressure (Young and Hayes, 2004; Ferno
and Huse, 1983) or an opposite reaction (Morita and Tsuboi, 2004) or
an unaffected catchability (Beukema, 1970) was observed. The catch-
ability of catfish seems to be unaffected (Boulétreau et al., 2016), or to
the contrary, it slightly increases with recapturing (Britton et al., 2007;
Boulétreau et al., 2016). The latter theory is also supported by the
substantial frequency of recaptures in Milada and Most (34 and 32%,
respectively). Regarding the fact that catfish (Britton et al., 2007) and
pike (Beukema, 1970) do not react to angling pressure by hook
avoidance and do not have timidity syndrome (Arlinghaus et al., 2016).
“Catch and Release“ angling (Arlinghaus et al., 2007) practised by a
part of the anglers would not ensure a sufficient number of predators.
Most of the anglers in Central and Eastern Europe still prefer taking the
fish (Spurny et al., 2017) because the species is considered to be a
culinary delicacy (Copp et al., 2009). These reasons demonstrate that
sustainable populations of predators including catfish in localities de-
signed for recreational fishing can be maintained only with strict reg-
ulation of the angling and with regular stocking of new individuals
(Johnston et al., 2010). Thus, the regular angling for predators should
not be permitted in the post-mining lakes Milada and Most and in si-
milar lakes that are newly appearing around Europe, nor in drinking
water reservoirs such as Rimov and Zlutice (Vasek et al., 2013).
Maximum efficiency, presenting levels of optimal angling pressure
(in terms of population sustainability), economic return and ecological
self-sustainability, would be ensured under the following conditions. If
we want to provide a sustainable angling, capturing of individuals be-
tween 75 and 120 cm is a good option. Meat quality of such middle-
sized individuals seems to be optimal because meat from larger in-
dividuals is high in fat with low taste (Linhart et al., 2002). In contrast,
these large individuals have the most positive impact on the ecosystem
thanks to no gape limit and it is advisable to keep them in the water
bodies (Vejtik et al., 2017b). We observed that natural recruitment of
catfish (20-25cm Ly) is relatively high in both post-mining lakes (L.
Vejiik, P. Blabolil, pers. observation by electrofishing). Age at maturity
in catfish is generally reported as being 3—4 years old, with mean length
at maturity ranging from 39 to 71 cm Ly (Copp et al., 2009 and related
studies). Mean growth rate of catfish occurring 50° north (such in
Czechia or Slovakia) is 8 cm per year (Barus and Oliva, 1995). In con-
trast, growth rate can be even between 10 and 15 cm (max 20 cm L) in
milder climate, such as in Romania and France (ca. 45° north latitude;
Copp et al., 2009). Therefore, it takes about 8 and 4 years to exceed the
length for angling of individuals occurring 50° and 45° north,
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respectively. Study sites contain on average 120 individual catfish per
100 ha. If we want to preserve 10% of individuals up to 120 cm, about
13.5 and 27 individual catfish (Lt between 75 and 120 cm) can be
captured per 100 ha of water bodies in 50° and 45° north, respectively.
It means about 100 and 200 bait-days per 100 ha in one year.

If the mentioned rules are respected, biomanipulative effect of
catfish should be sufficient (Vasek et al., 2013) with regards to max-
imum economic prosperity of angling. However, the recommendations
should be approached with caution, because individuality of each lo-
cality should be considered. Ideal scenario is to provide a before after
control impact of catfish population on the locality within several years.
It could be a crucial topic for further similar studies.

The second scenario of the catfish population in the ecosystem is its
unwanted presence. Catfish is an invasive species in many areas located
in Western and Southern Europe where it can affect native fish com-
munities including endemic species (Copp et al., 2009). Fast spreading
is mediated mainly by anglers, even to localities with temperature-
suboptimal conditions such as the United Kingdom (Britton et al., 2007;
Copp et al., 2007), regardless of the fact that the spreading is illegal
(Britton et al., 2010a, 2011). We can assume that the impact of catfish
in localities such as the UK will be higher in the future due to increasing
temperature caused by climate changes (Vejiik et al., 2017a). Ac-
cording to available information, catfish probably presents the greatest
threat in the Iberian Peninsula (Copp et al., 2009; Almeida et al., 2013).
Catfish is an unwanted species also in Italy where it reaches maximum
large sizes (Boulétreau and Santoul, 2016). Therefore, release of catfish
to aquatic ecosystems is forbidden by law (legge regionale n. 19 del 28
aprile 1998). Unfortunately, valuable scientific results focusing on
catfish impact on water systems in Italy are not available. In contrast,
localities in France seem not to be negatively influenced so far, however
long-term observations are necessary (Guillerault et al., 2015). When
catfish is unwanted, the ability to extirpate a local population is prac-
tically impossible because catfish prefers large aquatic ecosystems with
high connectivity (Britton et al., 2010a b). Consequently, the catfish is
still expanding its range and population sizes are increasing in Belgium,
France, the United Kingdom and Spain despite angling regulations
aimed at the reduction of this species (Cucherousset et al., 2018). An-
glers catching catfish in Western and Southern Europe commonly prefer
the “Catch and Release“ method (Arlinghaus et al., 2007) in good faith
to maximize welfare of fish (Arlinghauss et al., 2007b). As such, this
capturing method cannot be used for reduction of catfish populations.

However, a catfish population and its potential negative impact can
be readily reduced by targeted capturing. Thus, we would recommend
hook-lines as an efficient method in hands of managing stakeholders for
catfish regulation in localities with unwanted presence of this large
invasive species. Because the hook-lines efficiently reduce the number
of predators in marine ecosystems (Cardinale et al., 2015), it clearly
must be even more efficient in much smaller freshwater ecosystems.
Moreover, this fact was proved by our results. The pressure provided by
anglers or regulation by hook-lines will not completely remove catfish
from a locality. Nevertheless, the methods have substantial impacts on
catfish population from reduced abundance and biomass (Hutchings
and Myers, 1994; Toresen and @stvedt, 2001), to truncated age and size
structure (Jgrgensen, 1990), and altered population genetic subdivision
up to erosion of genetic diversity (Allendorf et al., 2008). Therefore, the
population is reduced down to a harmless level by these methods and
the localities where catfish is invasive and unwanted should recover.

Theoretically, 11-18 bait-days per 1 ha per season are needed to
reduce the local population of adult catfish to 10% of the original size
(population size between 0.74 and 1.85 ind. ha™!). Neither prey fish
biomass, trophic status, nor number of catfish in the locality had a
significant impact on the catch efficiency. In contrast, the size of the
catfish had a significant impact on the catch efficiency, as small in-
dividuals are more readily caught than large ones. Further, efficiency
increases with catfish biomass in a locality. The model used in the study
proved that catfish biomass is a better index of potential predation
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pressure of catfish than number of catfish in a locality. All catfish po-
pulations in our study and reference sites are large in comparison to
other aquatic ecosystems in the Czech Republic (Vasek et al., 2013;
Vejiik et al., 2017a). The reasons are i) absence of anglers’ activities
and ii) man-mediated vast stocking programme at the study sites. Thus,
we assume the presence of larger populations only in localities with
more favourable conditions and with a warmer climate (Copp et al.,
2009). Unfortunately, estimates of the size of catfish populations in
absolute majority of European localities are still not available. How-
ever, catching effort intensified to 30-40 bait-days per 1 ha per a year
should be sufficient to reduce a catfish population to 10% of the ori-
ginal size in any European locality. Determination of the population
size is necessary to calculate an accurate number of bait-days for a
given locality. Spring and early summer seems to be the best time for
the highest catch efficiency, i.e. time close to reproduction (Copp et al.,
2009). The efficiency decreases towards autumn and winter. Higher
impact of season than temperature was statistically proved and was also
assumed by Britton et al. (2007).

If we want to apply hook-lines in the countries of the European
Union, it is necessary to overcome the deep-rooted tradition that a lot of
freshwater ecosystems serve only as an angling area and no other reg-
ulations are applied (Lewin et al., 2006). Further, the policy of each
country will specify, whether ecologically sustainable management will
be preferred opposed to the maintenance of hobby and relaxation fa-
cilities for many inhabitants, because big game fishing provides sa-
tisfaction for anglers (Arlinghaus et al., 2002; Matsumura et al., 2011).
Moreover, angling brings economic benefits thanks to the sale of li-
cences and fishing equipment (Jgrgensen et al., 2007). It has to be
mentioned, that catfish can be even beneficial in some cases in non-
native localities, because it can reduce abundances of many other in-
vasive species (Carol et al., 2009). Thus, an individual approach is
necessary in each locality. Providing a study focused on catfish diet in
the locality (Vejiik et al., 2017a) would be an ideal step before making
a decision about catfish reduction or maintenance.

5. Conclusions

To maintain an efficient biomanipulative effect of catfish in the
localities with wanted presence, angling pressure should be limited to
only 1 and 2 bait-days per 1 ha in one year in 50° and 45° north latitude,
respectively. Only individuals with sizes between 75 and 120 cm Ly
should be allowed to harvest.

In contrast, if population control of European catfish is needed, the
most efficient time of the year to apply hook-lines seems to be spring to
early summer. Subsequently, the feeding activity of catfish decreases.
The sufficient catching effort seems to be 30-40 bait-days per 1 ha per
season to efficiently reduce the catfish population to 10% of the original
size in any European locality.
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