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SHORT COMMUNICATION
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Abstract Common carp is one of the most important game fish in Europe. Due to the high exploitation
and limited natural recruitment, direct stockings became a common and widespread stock enhancement
practice in recreational fisheries. Sustainable recreational fisheries management requires continuous
monitoring programs to define the stocking size and distribution of newly-stocked fish. In this study,
we assess the capture rate and distribution patterns of hatchery-reared common carps in a dammed,
lotic ecosystem using data from a seven-year tagging survey. Mean capture rate was 7.4% and one-
third of captures happened within the first two months after release. High interannual differences were
observed both in the capture rate and the temporal dynamics of captures. Movement patterns also showed
interannual and interindividual differences; 30.8% of the fish were captured within 5 km of their release
site, and 55.6% of the fish were captured within 10 km. More than ten per cent (12.8%) of fish caught more
than 25 km far from release site. Distance travelled did not associate consistently with time between the
release and capture. Our findings suggest that repeated surveys in consecutive years would be preferable
than increasing the number of tagged fish in one year in angler report-based tagging surveys, and that
15-20 kms between stocking sites can ensure proper distribution of common carp in a lotic fishery even
under high angling pressure.
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Introduction

The popularity of recreational fisheries, especially angling, has increased in the last decades. The participa-
tion rate is more than 10% of the adult population of industrialized countries (Arlinghaus and Cooke 2009;
Arlinghaus et al. 2015). Nowadays, recreational fisheries are the dominant use of freshwater fish stocks
(Arlinghaus et al. 2002). Exploitation, however, is limited to several game or trophy species (Elmer et al.
2017). To compensate for this highly imbalanced, species-specific exploitation, direct stocking became a
commonly applied practice in recreational fisheries management in Europe (Riepe et al. 2017), even out-
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side the native range of the targeted species (Cucherousset et al. 2021). High exploitation and low natural
recruitment decrease drastically the time frame of stock enhancement programs, frequently far below the
life-cycle of the species, moving the fisheries towards a ‘put and take’ management model (Molony et al.
2003).

In Europe, the common carp (Cyprinus carpio) is one of the most preferred game fishes (Wolos et al.
1998; Arlinghaus and Mehner 2003; Boukal et al. 2012; Specziar and Turcsanyi 2014). As is common
with popular gamefish, common carp catches are almost exclusively supported by regular stocking in
many fisheries (Boukal et al. 2012; Speczidr and Turcsanyi 2014). Thus, the economic success of fisher-
ies strongly depends on a successful stocking strategy. However, stocking practices are frequently based
purely on managers’ ecosystem-specific experiences and anglers’ expectations (Arlinghaus et al. 2022).
Common carp, on the other hand, is known as an ecosystem engineer species (Weber and Brown 2009).
Under high density, it can considerably affect the recipient ecosystem. For instance, it triggers the inter-
nal nutrient cycle (Matsuzaki et al. 2007), contributes to the disappearance of macrovegetation through
bioturbation (Bajer and Sorensen 2015) and creates high predation pressure on macroinvertebrates (Mat-
suzaki et al. 2007; Rahman et al. 2008). Therefore, better understanding of dispersal patterns and capture
dynamics of newly-stocked common carp is a keystone of the economic and environmental sustainability
of recreational fisheries.

The establishment of sustainable stocking strategy requires monitoring programs that reveal the capture
rate both in temporal and spatial scale and the dispersion of newly-stocked fish. However, studies on com-
mon carp stocking strategies in recreational fisheries are quite limited. The present study aimed to reveal
the (i) capture rate and (ii) dispersion of hatchery-reared common carps in a dammed lotic fishery with a
special emphasis on (iii) the interannual differences. We believe that the outcomes of such case studies can
increase the sustainability of recreational fisheries management by establishing cost-effective and more
environmentally-friendly stocking practices.

Materials and methods
Study site

The Rackeve-Soroksar Danube (RSD; Fig. 1.) is a eutrophic side arm (length: 57.3 km, width: 80 — 300
m, water surface: 14 km?, mean depth: 3-3.5 m, velocity: 0.1 — 0.3 ms™') of the Danube River, situated
between 1642 river km (rkm) and 1586 rkm (Vadadi-Fiilop et al. 2007). The water level of RSD is highly
regulated; its fluctuation is less than 50 cm (Vadadi-Fiilop et al. 2007). Although the main channel is
highly modified (surrounded by houses and bungalows), islands and channels increase the habitat di-
versity. In addition to the wide, open lotic main channel, well-vegetated lentic habitats and swamps also
occur in RSD.

The fish fauna of RSD is dominated by bleak (Alburnus alburnus), prussian carp (Carassius gibelio),
common carp, roach (Rutilus rutilus), pumpkinseed (Lepomis gibbosus), asp (Leuciscus aspius), bream
(Abramis brama), white bream (Blicca bjoerkna), european perch (Perca fluviatilis), pikeperch (Sander lu-
cioperca), and northern pike (Esox lucius) (Udvari and Gydre 2020). Although common carp is among the
most abundant fish species (Ugrai and Gydre 2007), natural recruitment of common carp is insufficient due
to the deleterious effects of water quality, habitat and spawning ground degradation, and human disturbance
(Udvari et al. 2003).

Angling has a long tradition in RSD; the first angling associations were established in 1935. Hatch-
ery-reared common carp have been stocked regularly since the construction of the fish hatchery in Rackeve
in 1948. In recent years, due to excessive angling pressure, annual catch (dominated by common carp) can
reach 15.5 t per km? in RSD. To counterbalance this enormous pressure, the average common carp stocking
was 205.4 tonnes (min: 161.4 t; max 284.2 t) in the last 10 years, constituting 14.7 tonnes stocked common
carp per km? annually.

Tagging

A tagging survey was conducted in seven distinct years between 2003 and 2015 (2003, 2004, 2008, 2009,
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10 km

Fig. 1 Rackeve-Soroksar Danube, and release sites of common carp.
Circles indicate release sites of tagged fish (a). The geographic position of RSD in Hungary and Hungary in Europe are indicated in
the inserts “b” and “c”, respectively

Table 1 Descriptive statistics of tagged common carp and recapture in Rackeve-Soroksar Danube, Hungary

Stocking date number of mean size  size range number of recapture  mean distance  distance range  mean time time range
tagged fish (kg) (kg) recaptures rate (%) (km) (km) (days) (days)

2003. Oct. 1000 0.65 03-15 67 6.7 14.3 <1-485 215 16 -563
2004. Oct. 216 1.12 04-20 20 9.2 18.8 2.5-445 128 18 -386
2008. Oct. 499 0.90 02-43 71 142 10.8 <1-28.5 220 3-766
2009. Oct. 500 0.41 02-18 19 3.8 16.5 <1-495 248 4-615
2010. Oct. 500 0.50 02-29 57 11.4 6.4 <1-37 163 2-655
2013. Oct. 1000 0.66 0.1-22 59 5.9 12.2 <1-325 98 1-610
2015. Nov. 500 0.33 0.1-45 21 42 13.6 <1-275 176 26-357
all year 4216 0.62 0.1-45 314 7.4 13.2 <1-49.5 178 1-1766

2010, 2013, 2015). The number and size of tagged common carp varied from 200 to 1000 individuals and
from 0.18 to 2.98 kg (1-3 years old), respectively (Table 1). A total of 4216 common carp were tagged be-
fore stocking with individually numbered T-bar anchor external tags. Tags were installed under the dorsal
fin, by trained experts, using a tagging gun. Released fish were of a local carp strain and were hatched and
reared in the aquaculture facility of the Rackeve Danube Branch Angling Association (RDBA). Carp were
released in October and early November from tanker trucks using a simple fish slide at 14 release sites
along the main channel of RSD (Fig. 1).

Information on the tagging survey was promulgated in the fishery regulations, which are received with
the fishing licence. The tag was described, and anglers were informed of the needed data (i.e., location and
date of catch, weight and length of the fish, contact details of angler). Anglers were also informed of how
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to report data (mailing the tag and required information to fishery manager headquarter) and of the rewards
for response. Accurate and complete data reports are rewarded by small value gifts of fishing tackle, such
as a pack of hooks or fishing line.

Data handling

Catch data were geolocated using the angler reports, which usually contained settlements and street
name, rkm, and natural (e.g., islands, bays) or artificial formations (e.g., ferries, markets, bridges). Most
catch locations could be determined within 1 km. Ambiguous locations were excluded from further
analysis.

Data analysis

Annual differences in temporal intensity of capture were assessed by Kruskal-Wallis H test and subsequent
pairwise comparisons. In the comparisons, we use the capture data of the first years. Pearson correlation
was used to assess the relationship between number of tagged individuals and number of captures and cap-
ture rate. Statistical analyses were performed in Past software (Hammer et al. 2001).

A general linear model (GLM) was fitted to the distance between release and capture location as
response variable and year (i.e., year of the release), time (i.e., days spent in RSD) and body size (i.e.,
body weight at release) of common carp as explanatory variables. Model contained the main effects and
first order of interactions. To improve model fit, we log-transformed the distance between release and
capture location and time spent in RSD. Assumptions of the model was checked via residual analysis us-
ing diagnostic plots (Quinn and Keough 2002). Subsequent pairwise comparisons and linear regressions
were made on the significant terms. The general linear model was built in Statistica 6.0 (StatSoft, Tulsa,
OK USA) software.

Ethical consideration

Fish were tagged according to the rules in force in Hungary. No animal welfare permit was required.
Results

Capture

During the seven years of the survey, altogether 314 recapture events were recorded, resulting in a 7.4%
mean capture rate, but high interannual variances were observed (Table 1). Significant interannual differ-
ences were observed also in the temporal dynamics of capture (Kruskal-Wallis H test, H=51.45 p <0.0001).
Fourteen to sixty-one percent (mean: 31.8%) of tagged common carp were captured in the year of stocking
(within 60 days after stocking). The vast majority (95.5%) of captures were recorded within a year after
release (Fig. 2). Number of tagged individuals was uncorrelated with number of captures (Pearson, r=0.61,
p=0.14) or capture rate (Pearson, r=-0.29, p=0.52).

Distribution

Mean distance travelled by common carp was 12 km, with high interindividual differences. Altogether,
30.8% of the fish were caught within 5 km of the release site and 55.6% moved less than 10 km (Fig. 3),
while 12.8% of common carp captured more than 25 km far from release site. The general linear model
revealed that the dispersion (i.e., distance between the release and capture site) differed significantly among
the years (Table 2) and the relationship between dispersion and time spent in RSD was affected by year
(Table 2). The distance between the release and capture sites decreased with increasing time spent in RSD
(R, ;038 F =12.24; p=0.0027) in 2004. Further significant relationships were not observed (Fig. 4).
Body size did not affect the dispersion.
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Fig. 2 Temporal dynamics of common carp captures in Rackeve-Soroksar Danube, Hungary. Scales of Y-axes differ

Discussion
Capture — Tag recovery

Capture rate is obviously a cornerstone of the success and reliability of tagging surveys. It is determined
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Fig. 3 Distance between release and capture sites of common carp in Rackeve-Soroksar Danube, Hungary. Scales of Y-axes differ

by tag retention (Arnason and Mills 1981), post-release mortality (Ellis et al. 2017), and the behaviour of
data providers (i.e., commercial and recreational fishers; Crandall et al. 2018). Retention of T-bar anchor
tags has presumably species-specific differences, but it can be as high as 90% (Clugston 1996; Livings et
al. 2007; Rude et al. 2011) for the first year. Captures continuously decreased during the first year and more
than 90% of captures happened within this period. Therefore, tag loss presumably did not considerably
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Table 2 Results of General Linear Model for newly stocked common carp distribution (distance between the release and recapture
site) in Rackeve-Soroksar Danube (RSD)

Ss df MS F P R 4 F P
Intercept 1.34 1 1.34 434 0.037 0.13 3.25 <0.001
Year 6.07 6 1.01 3.26 0.004
Weight 0.07 1 0.07 0.25 0.614
Time to capture 0.02 1 0.02 0.07 0.785
Year x body size 1.51 6 0.25 0.81 0.560
Year x time 7.56 6 1.26 4.06 <0.001
Body size x time 0.11 1 0.11 0.37 0.542
Error 88.36 285 0.31

Note: year = year of release; weight = weight of the released common carp; time to capture = days spent in RSD
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Fig. 4 Distance (km) between release and capture sites of common carp in relation to time (day) spent in Rackeve-Soroksar Danube,
Hungary

reduce capture rate in the time frame of the present study. Due to the less favourable environmental condi-
tions (e.g., food resource availability), post-release mortality can be higher in winter; thus the late autumn
stocking events potentially reduced the capture rate. However, angling pressure remained high in the first
half of winter; one-third of total captures were recorded in the first two months (14 — 61%) after stocking.
This rapid capture potentially compensated for the effect of overwintering mortality on capture rate. Such
high angling pressure may result from the fact that most anglers are residents who live permanently around
the side arm (two-thirds of reporting anglers live permanently within 5 km of RSD). In general, the reward
positively affects the motivation for providing data and increases the general and interannual reporting
rate (Taylor et al. 2006). A general positive effect of the reward to capture rate cannot be excluded in the
present study, but we did not observe any increase in reporting rate over the years. One explanation might
be that the value of the reward (fishing tackle) was not high enough. Indeed, we believe that the resident
anglers feel responsible for fish stocks and intend to help or take part in fisheries management regardless
of rewards. Although the average capture rate (7.4%) is comparable to values recorded in common carps
in lotic ecosystems (e.g., Stuart and Jones 2006), we expected a higher capture rate because the common
carp-oriented angling dominates the angling behaviour in the study site. Earlier studies achieved 15%,
16.6% (Vostradovsky 1991) and 17.5% (Specziar and Turcsanyi 2014) recapture rates for carp, relying ex-
clusively on angler catches. A capture rate close to those earlier studies was observed in 2008 (Table 1), but
the interannual differences were high despite the use of the same tag type, stocking practices and constant
reward practices. Such high interannual variance has been reported also in former studies (e.g., Taylor et al.

&
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2006; Sitar et al. 2017) suggesting high stochasticity in tagging surveys.
Distribution patterns

Dispersion and movement patterns of fish depend on habitat (size and complexity), temperature, water dis-
charge and individual traits (size and sex; Radinger and Wolter 2014). In addition, considerable differences
are assumed between newly stocked fish and wild populations because the homing behaviour obviously can
occur only in fish with a pre-existing home range. Yet, substantial overlaps have been reported in distance
between stocking and capture location in both stocked and wild fish, an important proxy of dispersion. For
instance, newly-stocked common carps migrate on average 10.5 km to 23 km in a large shallow lake (Spec-
ziar and Turcsanyi 2014). In some studies (Stuart and Jones 2006; Jones and Stuart 2009), migration varied
between 14.3 and 26.2 km in wild populations, suggesting less importance of the origin of fish. However,
in other studies with common carp (Brown et al. 2001; Crook 2004), strong site fidelity (<1 km movement)
has been observed. Late-autumn stocking and well-vegetated, diverse habitat resulted in moderate migra-
tion of common carp in our study. Indeed, the mean distance between the stocking and capture location
was low in comparison with formerly published values (Stuart and Jones 2006; Jones and Stuart 2009;
Specziar and Turcsanyi 2014). Although the mean migration distance of newly stocked and wild common
carp overlaps, the rate of sedentary specimens differs considerably. Strong site fidelity is common in wild
common carp. Stuart and Jones (2006) and Osborne et al. (2009) reported, respectively, that 80% and 85%
of individuals moved less than 5 km. Jones and Stuart (2009) recaptured 63% of the tagged common carps
within 10 km during a 20 month survey. These studies also observed long-distance migration (>100 km)
in 7% (Stuart and Jones 2006) and 10% (Jones and Stuart 2009) of the individuals. High interindividual
differences occur also in newly stocked fish, but, similarly to Specziar and Turcsanyi (2014), we experi-
enced less skewed dispersion. Almost forty percent of the captures were recorded within 5 — 15 km of the
release location, and more than 10 percent of the individuals were captured more than 25 km away from the
release location. Exploratory behaviour seems more pronounced in newly stocked fish, resulting in higher
proportion of mobile individuals and rapid and balanced dispersion of introduced stock. The traditional
put-and-take fisheries management practice relies on the rapid dispersion of newly stocked fish, but the
increasing popularity of catch-and-release practice (Lyach and Cech 2018) requires a better understanding
of long-term changes in movement of stocked common carps.

Implication for management

Feedback from stocking actions is essential for sustainable fisheries management relying on stocking of
fish. However, the costs (financial and time) and potentially deleterious effects (handling stress) of tagging
surveys restrict its extent (both intensity and duration). Based on the high interannual differences in capture
rate and the weak association between the number of tagged fish and capture events in our study, we sug-
gest extending the duration of studies (i.e., repeated surveys in consecutive years) rather than increasing the
number of tagged fish.

Despite constant reward practices, substantial differences in capture rate occurred among the years.
We believe that the low-value rewards did not constitute considerable motivation. However, the anglers,
especially the residents, feel responsibility for the fish stock and ecosystem, and they are open to take part
in management actions (Copeland et al. 2017). We believe the responsibility of anglers can be the base of
monitoring programs for more sustainable recreational fisheries in the future.

Frequency of stocking is restricted primarily by the availability of fish to stock but should reflect the
feedback of anglers to maintain their satisfaction. In the study system, stocked fish were usually captured
within a year, suggesting substantial angling pressure. In general, capture events showed a permanent de-
cline during the year, indicating the depletion of stock and decrease in overall angler catch. This sin-
gle-stocking model is presumably based on local traditions and feedback of resident anglers (Arlinghaus et
al. 2022), and it could be sustainable, but it also has risks. On one hand, the survival of introduced stock,
especially in winter, is doubtful. On the other hand, our results highlight the possibility of rapid depletion.
In 2013, more than 60% of captures occurred in the first two months after the stocking. Finally, a split stock-
ing into multiple events over the year could decrease or even eliminate the potentially deleterious effects of
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common carps on the recipient ecosystem.

Distribution of the stocked fish is important in both conservation- or fisheries-aimed stockings. Because
the dispersion of stocked common carp is a function of time spent in the new ecosystem (Specziar and
Turcsanyi 2014) the extent of angling pressure can play a crucial role. However, our results highlighted
rapid dispersion of newly stocked common carps which can compensate for high angling pressure. Fifteen
to twenty km between stocking sites ensured proper distribution even under high angling pressure.

In conclusion, the high interannual variability in capture rate, independent of the number of tagged indi-
viduals suggests that a multi-year survey even with lower number of tagged fish would presumably provide
more reliable outcomes. Reporting rate was low despite the low value rewards, so we question the benefit
of the reward program. Newly stocked common carp dispersed rapidly in the receiving environment, thus
15-20 kms between release sites can provided a sufficiently balanced distribution in lotic fisheries.
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