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Abstract. The aim of this paper is to present and discuss the
results of a survey of fishers exploiting dam reservoirs to
determine the conditions of conducting fisheries associated
primarily with climate change. Overall, questionnaires were
obtained from 18 enterprises (of which 16 were chapters of
the Polish Anglers Association) regarding a total of 30
reservoirs with a combined surface area of 29,666 ha, which
is 49% of the total surface are of this type of basin in Poland,
the largest country in East-Central Europe. This sample is
highly representative of all the fisheries conducted in this
basin category in Poland and in other East-Central European
regions. The following questions referring to the impact of
climate change were defined and analyzed based on the
answers obtained from the questionnaires: survival of
hatchlings, fry, and adult fish; the spawning success of
selected fish species; selected hydrological and biological
reservoir parameters, the possibility of using and the
effectiveness of fishing gears; the length of the recreational
fishing season; the size of recreational and commercial
fisheries catches of different fish species. Information
regarding the impact of reservoirs on fish migrations was also
obtained.
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Introduction

Dam reservoirs are artificial basins constructed by
damming river waters with retaining walls
(Wisniewolski 2009). The total surface area of the
140 dam reservoirs in Poland, the largest country in
East-Central Europe, is about 60,000 ha, and their
total capacity is 3,522 million m® (Matecki and
Poktadek 2010). Most of the reservoirs have small
surface areas, and only 15 exceed 1,000 ha
(Czerwinski 2014a).

The primary functions of dam reservoirs include
the following: water retention; flood control; storing
potable water, industrial water, and waters required
for agricultural, energy, recreation, recreational and
commercial fisheries (Jagus 2018). In Poland, recre-
ational fisheries are practiced in virtually all dam res-
ervoirs, while commercial fisheries are conducted in
only a few (Czerwinski 2014a). Despite many simi-
larities, these artificial reservoirs are not comparable
with natural lakes and require a more comprehensive
management approach (Launois et al. 2011, Blabolil
et al. 2016, Jankowski 2017).

The Department of Fisheries Bioeconomics of the
Inland Fisheries Institute has been conducting re-
search about recreational and commercial fisheries
reservoirs for years (Falkowski and Wisniewolski
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2003, Falkowski and Erdmanski 2005, Falkowski
2007, 2008, Czerwinski 2014a, 2014b, 2018). The
foundation for these studies is the annual analysis of
information obtained from a representative sample of
entities authorized to fish dam reservoirs in Poland
regarding the size of recreational and commercial
fisheries catches; the size, structure, and value of
stocking; and the conditions for conducting fisheries
while maintaining their sustainable development
(Czerwinski 2014a). However, global climate change
in recent years has forced scientists within the broad
field of water management (Arlinghaus et al. 2015,
Cooke et al. 2015, Hunt et al. 2016, Kaczkowski et
al. 2019) to include a new aspect in research on
fisheries management, including that in dam reser-
voirs, which is specifically the impact of these
changes on fisheries.

The aim of this paper was to present and discuss
the results of a survey of managers form the entities
exploiting dam reservoirs to determine the condi-
tions of conducting fisheries associated primarily
with climate change.

Materials and methods

The analysis was based on completed questionnaires
collected in 2019 that were sent to recreational and
commercial fisheries enterprises operating in dam
reservoirs. In total, questionnaires obtained from 18
entities (of which 16 were chapters of the Polish An-
glers Association) regarding a total of 30 reservoirs
with a combined surface area of 29,666 ha (Table 1),
which is 49% of the total surface are of this type of ba-
sin in Poland.

Based on the responses obtained from the ques-
tionnaire, the following issues were defined and ana-
lyzed regarding the conditions for conducting
fisheries in dam reservoirs, especially those that re-
spondents linked with climate change:

- impact of dam reservoirs on fish migrations;

- impact of climate change on the survival of

hatchlings, fry, and adult fish;

- impact of climate change on the effects of the

spawning of selected fish species;

- impact of climate change on selected reservoir

hydrological and biological parameters;

- possibility of deploying fishing gears and their

effectiveness;

- impact of climate change on the length of the

recreational fishing season;

- size of recreational and commercial fishing

catches of different fish species;

- positive phenomena linked with climate

change.

In the analyses, most of the results regarding the
questions posed are presented as the percentage dis-
tributions of the responses. The same percentage dis-
tribution is used to describe the responses to yes or
no questions.

The Linkert scale was used with questions that
allowed respondents to identify impacts on a scale
from 0O to 5 (0-no impact, 1-very little impact, 2-little
impact, 3-moderate impact, 4-high impact, 5-very
high). For the ranking questions, the analysis focused
on the points awarded depending on the answers ob-
tained from the questionnaires, which created a per-
centage distribution of the points awarded according
to the selected degree of impact. A summary with sta-
tistical data was also created: rank sum (SR), average
(M), standard deviation (SD), median (Me), mode
(Mo), first quartile (Q1), third quartile (Q3) and quar-
tile deviation (Q) to provide a description of the re-
sponses and points awarded. Additionally, the
parameter of the percentage of no responses to the
questions posed in the questionnaire (NR [%]) was
added.

In addition to the analysis of responses using the
Linkert scale, questions were also included to which
respondents could answer yes or no. These were
used to determine basic information on the topic of
dam reservoirs and the recreational and/or commer-
cial fisheries conducted in them.

Results

Most of those who have exploited the fisheries in
dam reservoirs long-term have noted the impact of
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Table 1

General data regarding the dam reservoirs studied (PAA - Polish Anglers Association)

Dam reservoir Entity entitled to exploit the fisheries Area (ha)
Wioctawek PAA Mazowiecki 7,911
Zegrze PAA Mazowiecki 3,852
Siemianéwka PAA Biatystok 3,253
Porgbka PAA Bielsko-Biata 386
Tresna PAA Bielsko-Biata 1,020
Nowomiejski PAA Ciechanéw 28
Ruda PAA Ciechanéw 24
Bielkowo PAA Gdansk 54
Zalew Bledzewski PAA Gorzéw 80
Dzieckowice PAA Katowice 712
Koztowa Goéra PAA Katowice 527
Przeczyce PAA Katowice 431
Rybnik PAA Katowice 398
Przykona PAA Konin 120
Stupca PAA Konin 266
Stup PAA Legnica 292
Turawa PAA Opole 1,782
Cieszanowice PAA Piotrkow Trybunalski 217
Drzewica PAA Piotrkow Trybunalski 100
Miedzna PAA Piotrkéw Trybunalski 180
Sulejow PAA Piotrkéow Trybunalski 196
Joachiméw-Ziemiary PAA Skierniewice 36
Lisowo PAA Szczecin 175
Rejowice PAA Szczecin 75
Sicina PAA Szczecin 31
Topola/Kozielno PAA Watbrzych 545
Mietkow PAA Wroctaw 807
Nielisz PAA Zamo$¢ 834
Dobczyce Regional Water Management Board in Krakow 970
Goczatkowice Gliwice Municipal Water and Sewage Enterprise 2,600
Total area (ha) 29,666
Average area (ha) 989

climate change in recent years (63.3%). Recreational
fishing and the use of groundbaits (90%) are permit-
ted in the vast majority (96.7%) of the reservoirs sur-
veyed, and 16.7% of the reservoirs supplied nearby
towns with potable water. A disadvantageous fact
noted was that only 23.3% of the reservoirs had fish
passes for migrating fish (Fig. 1). Therefore, it is not
surprising that the question about impediments to
fish migrations such a high percentage of

respondents indicated that the reservoirs had a sig-
nificant impact (56.7%) on impeding fish migrations
(Fig. 2). However, for questions about the reduced
survival of hatchlings and fry or the mortality of adult
fish associated with climate change, respondents in-
dicated that the impact of climate change was defi-
nitely lower. As many as 40.7% of respondents
indicated that climate change had no impact on adult
fish mortality, 29.6% did not observe any impact on
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Question

In recent years have you noticed the impact
of climate change on the fisheries
in dam reservoirs?

Is there a fishway installed in the dam reservoir?

Does the dam reservoir supply the local
community with drinking water?

Do recreational fishers fish in the dam reservoir?

Are recreational fishers allowed to use bait?

O yes B no [ noresponse

Figure 1. Distribution of responses (%) to yes/no questions.

Please rate the degree to which
the dam reservoir impede fish migration

Please rate the impact climate change
has on reduced survival of hatchlings and fry

Please rate the impact climate change
has on the mortality of adult fish
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Figure 2. Distribution of responses (%) to the question about the impact of dam reservoirs and climate change on ichthyofauna.

juvenile stages, and other respondents noted little or
very little impact (18.5%). Only in the case of juvenile
fish mortality did 11% of respondents think that cli-
mate change had a significant impact.

According to respondents, pike was the species
the spawning of which was most vulnerable to cli-
mate change (Fig. 3, Table 2). This species scored the
most points (70 SR points) and only 20.7% of respon-
dents did not note any negative impact. Subsequent

species in terms of spawning sensitivity were
pikeperch and perch, which had very similar results
with 42 and 40 SR points, respectively; however,
34% of respondents did not note climate change to
have had any impact on these species. On the other
hand, the species that were least susceptible to cli-
mate change were crucian carp and bream, about
which most users indicated no (44.8%) or very little
impact (41.4%).
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Species

Pike. Esox lucius L.

Pikeperch. Sander lucioperca (L)

Perch. Perca fluviatilis L.
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Common roach. Rutilus rutilus (L.)
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Common bream. Abramis brama (L)
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Figure 3. Distribution of responses (%) to the question about the negative impact of climate change on the effects of the spawning

of selected fish species.
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Figure 4. Distribution of responses (%) regarding the negative impact on fisheries of selected phenomena associated with climate change.

A phenomenon related to climate change that,
according to the respondents, had the greatest nega-
tive impact on the fisheries, was the longer cormorant
residence time (107 points SR), and as many as
58.6% of respondents believed that this had a very
high impact, while only 10.3% respondents reported
that there was no impact (Fig. 4, Table 2). The assess-
ment of typical weather phenomena, such as the dis-
turbance of the classic seasons and the shorter ice

cover period, was very similar, with 85 and 84 SR
points, respectively, and the percentage distribution
of responses was also very similar.

According to those surveyed, increased tempera-
ture most negatively affected the fisheries in the sum-
mer (as many as 27.6% of respondents, 90 SR
points), but the impact of this was also noted in
spring, because 40% of respondents indicated that its
impact was high (84 SR points) (Fig. 5, Table 2). In



Marek Trella et al. 213

season of the year

Increase in water temperature

season of the year

Extreme jumps in water temperature
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Figure 5. Distribution of responses (%) regarding selected issues about the negative impact of climate change on water temperature that
are affecting fisheries, by seasons of the year.
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Figure 6. Distribution of responses (%) regarding selected issues about the negative impact of climate change on water levels that are
affecting fisheries, by seasons of the year.
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Figure 7. Distribution of responses (%) regarding oxygen deficits that affect fisheries, by seasons of the year.
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Figure 8. Distribution of responses (%) regarding the negative impact of climate change on shortening the recreational fishing season, by

seasons of the year.
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Figure 9. Distribution of responses (%) regarding selected issues about the negative impact of climate change on water quality, by seasons

of the year.

the fall and winter, however, no significant impacts
were noted, as was reflected by 20.7% and 32.1% of
respondents, respectively. Extreme temperature
jumps were a distinct problem in the summer with
31% of respondents (87 SR points) noting that this
had a very high impact. In spring, this impact was
moderate (62 SR points), while a significant

percentage of respondents indicated either the lack
of it or its low impact in fall and winter.

Information obtained from the questionnaires
showed clearly that low water levels were most dis-
advantageous in summer with 36.7% of respondents
indicating that this had a very high impact (87 SR
points) (Fig. 6, Table 2). Low water levels in spring
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Figure 10. Share (%) of reservoirs in which commercial fisheries are conducted (or the lack of such fisheries) and the distribution
of responses (%) regarding the negative impact of climate change on the possibility of deploying fishing gears and their effectiveness.
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Figure 11. Distribution of responses (%) regarding the negative impact of climate change on the recreational and commercial catch sizes of

particular fish species.

and fall were also a problem to a degree, while only in
winter did the impact of this phenomenon on the
fisheries decrease. Fluctuations in water levels were
the greatest problem in spring according to 36.7% of
respondents who reported this as having a very high
impact (91 SR points), while 23.3% of respondents

identified this as having a very high impact in sum-
mer and fall (83 and 70 SR points, respectively).
Oxygen deficits, which are linked to the lack of
a distinct meteorological winter during the period
studied, occurred only in summer and winter; how-
ever, as is indicated by the responses obtained, the



216 Determinants of dam reservoir fisheries impacted by climate change as observed by managers...

Species
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Figure 12. Distribution of responses (%) regarding the negative impact of climate change on the effective spawning and rearing of fish

species under controlled conditions.
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Figure 13. Distribution of responses (%) to the question about positive phenomena associated with climate change.

impact of this is much higher in summer (71 SR
points) and over half of the respondents did not see
any negative impact in winter (45 SR points) (Fig. 7,
Table 2).
Information climate

about how change

shortened the recreational fishing season was

surprising since this is only a problem in winter and
is probably related to the shorter ice cover duration;
20.7% of respondents indicated that the impact of
this was very high (51 SR points), although 41.4%
did not observe any impact even in winter (Fig. 8, Ta-
ble 2).
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Table 2
Characteristics of responses using the Likert rating scale — comparative comparison (NR [%] - no response, SR - sum of rank
scores, M - mean, SD - standard deviation, Me - median, Mo - mode, Q; - first quartile, Q3 - third quartile, Q - quartile deviation)

NR [%] SR M SD Me Mo Qi Qs Q

Impact of dam reservoirs on impeding fish

o 0.0 1220 41 1.3 5 5 3 5 1
migration
I f cli loweri li
mpact of ¢ 1.mat.e change on ov.vermg hatchling 100 510 19 17 ) 0 0 3 15
and fry survival in dam reservoirs
I f cli It fi i
mpact of climate change on adult fish mortality 100 39.0 14 15 ] 0 0 3 15

in dam reservoirs

Impact of climate change on the spawning effects of selected species

pike 33 70.0 24 1.6 3 4 1 4 1.5
pikeperch 3.3 42.0 14 1.5 1 0 0 2 1
perch 3.3 40.0 1.4 1.4 1 0 0 2 1
tench 3.3 36.0 1.2 1.6 1 0 0 1 0.5
common roach 3.3 32.0 1.1 1.5 1 0 0 1 0.5
wels catfish 3.3 30.0 1.0 1.5 0 0 0 2 1
crucian carp 3.3 29.0 1.0 1.5 1 0 0 1 0.5
common bream 3.3 27.0 0.9 1.3 1 0 0 1 0.5
Negative impact of the following phenomena on fisheries
Longer periods of great cormorant habitation 23 1070 38 19 5 5 25 5 125

(increased pressure on fish stocks)
Shorter periods of ice cover 0.0 85.0 29 14 3 4 2 4 1

Disruption of the classic seasons of the year 3.3 84.0 29 14 3 4 2 4 1
Increased water temperatures
spring 0 86 29 1.5 3 4 2 4 1
summer 3.3 90 3.1 1.8 4 5 2 5 1.5
fall 3.3 50 1.7 14 1 1 1 3 1
winter 6.6 44 1.6 1.6 1 0 0 3 1.5
Extreme jumps in water temperature
spring 3.3 62.0 2.1 1.6 2 1 4 1.5
summer 3.3 87.0 3.0 1.9 5 1 5 2
fall 6.6 51.0 1.9 1.5 1.5 1 1 3 1
winter 6.6 40.0 1.5 1.4 1 1 0.75 2.25 0.75
Fluctuating water levels
spring 0.0 91.0 3.0 1.8 3 5 1 5 2
summer 0.0 83.0 2.8 1.8 3 5 1 4 1.5
fall 0.0 70.0 2.3 1.9 2 2 1 4 1.5
winter 3.3 51.0 1.8 1.8 1 0 0 3 1.5
Low water levels
spring 0.0 74.0 25 1.7 2 1 3.75 1.375
summer 0.0 87.0 29 2.0 3.5 5 1 5 2
fall 0.0 74.0 2.5 1.8 0 1 4 1.5
winter 3.3 52.0 1.8 1.7 0 0 2 1
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cont. Table 2

NR [%] SR M SD Me Mo Q Qs Q

Oxygen deficits

summer 0.0 71.0 24 1.8 1.5 1 1 4 1.5

winter 3.3 45.0 1.6 2.0 0 0 0 4 2
Shorter recreational fishing season (decreased angling permit sales)

spring 33 15.0 0.5 1.2 0 0 0 0

summer 3.3 11.0 0.4 1.0 0 0 0 0

fall 33 11.0 0.4 1.0 0 0 0 0

winter 33 51.0 1.8 2.0 1 0 0 3 1.5
More frequent algal blooms

spring 0.0 37.0 1.2 1.3 1 0 0 2.75 1.375

summer 0.0 86.0 29 1.8 4 4 1 4 1.5

fall 0.0 45.0 1.5 14 1 0 0 3 1.5

winter 0.0 9.0 0.3 1.0 0 0 0 0 0
Suspended matter sedimentation (water turbidity)

spring 233 26.0 1.1 1.3 1 0 0 2.5 1.25

summer 23.3 55.0 24 1.9 3 0 0.5 4 1.75

fall 233 30.0 1.3 14 1 0 2.5 1.25

winter 233 11.0 0.5 1.1 0 0 0 0.5 0.25
Negative impact on the possibility of deploying fishing gears and their effectiveness (if fishing is conducted)

gill-nets 0.0 10.0 1.0 0.7 1 1 1 1 0

seines 30.0 8.0 1.1 0.9 1 0.5 2 0.75

traps 10.0 11.0 1.2 1.0 1 1 1 2 0.5

fyke nets 30.0 9.0 1.3 1.1 1 1 0.5 2 0.75
Negative impact on the size of recreational and commercial catches of selected fish species

pike 133 53.0 2.0 1.5 2 3 1 3 1

pikeperch 13.3 40.0 1.5 1.3 1 1 1 2 0.5

perch 133 40.0 1.5 1.5 1 1 0 3 1.5

wels catfish 13.3 31.0 1.2 1.5 1 0 0 2 1

common bream 13.3 26.0 1.0 1.4 0 0 0 1.75 0.875

ide 20.0 25.0 1.0 1.2 1 1 0 1 0.5

tench 133 24.0 0.9 1.1 1 0 0 1 0.5

crucian carp 13.3 22.0 0.8 0.8 1 1 0 1 0.5

common chub 20.0 21.0 0.9 1.2 1 0 0 1 0.5

common roach 13.3 19.0 0.7 0.8 0.5 0 0 1 0.5
Negative impact of climate change on the effectiveness of spawning and rearing fish under controlled conditions

pike 40.0 38.0 21 1.6 2 0 1 3 1

pikeperch 433 37.0 22 1.6 2 0 1 3 1

wels catfish 40.0 35.0 1.9 1.7 2 0 025 3 1.375

ide 40.0 220 1.2 1.2 1 0 0 2 1
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On questions regarding the impact of climate
change on water quality, i.e., the occurrence of algal
blooms and turbidity, it was not surprising that most
respondents chose summer months (86 and 55 SR
points, respectively), and more than 80% did not note
such an impact during the winter (Fig. 9, Table 2).

The entities surveyed declared that commercial
fishing was only conducted in 5 of 30 reservoirs
(16.7%), but these reservoirs together constituted 63%
of the total surface area covered by the study. Respon-
dents who fished with commercial fishing gear did not
specifically note any negative impact of climate change
on the possibility of deploying or on the efficiency of
these fishing gears. The survey indicated that the use
of gill-nets and seines was more resistant to climate
change, and problems, although minor, arose when
using fyke nets and traps (Fig. 10).

Climate change was noted to have the largest nega-
tive impact on the catch sizes of recreational and com-
mercial pike fishing (53 SR points) followed by those of
pikeperch and perch (40 SR points each). Apart from
wels catfish, the remaining species did not score a com-
bined total of 30 SR points, and many respondents in-
dicated that the impact of climate change was either
very small or imperceptible (Fig. 11, Table 2).

Problems stemming from climate change that af-
fected the efficiency of spawning and rearing fish un-
der controlled conditions were noted for the three
species of pike, pikeperch, and catfish. These species
accumulated similar numbers of SR points and the
spread of responses was also similar. A much smaller
impact was observed by respondents in the case of
ide, with 66% of respondents indicating that climate
change had very little or no impact on this species
(Fig. 12, Table 2).

On the open question, which allowed those sur-
veyed to indicate the positive aspects of climate
change, most respondents (29.3%) mentioned faster
fish growth, while slightly fewer (27.6%) indicated
that global warming was associated with a prolonged
vegetative season. On the other hand, 25.9% of re-
spondents indicated that the shorter ice cover period
would reduce ice fishing, which, in turn, would result
in decreased perch fishing pressure during winter.
Other positive aspects mentioned included an

extended fish growth period (13.8%) and earlier
spawning (3.4%) (Fig. 13).

Discussion

According to those who exploit the fisheries of dam
reservoirs, climate change does not have the greatest
impact on the fish populations inhabiting these bas-
ins; the reservoirs themselves have the greatest im-
pact on this since they impede fish migrations. The
impact of this has been studied and described repeat-
edly; dam construction alters natural water flow dy-
namics (Nilsson and Berggren 2000, Nilsson et. al
2005, Moore et al. 2012), and this, in turn, impacts
the migratory routes of many fish species, access to
which can either be significantly disrupted or totally
inaccessible (Baras et al. 1994, Wisniewolski 2008,
Baras and Lucas 2001, Noonan et al. 2012,
Debowski 2016). This disadvantageous impact is
compounded by the modest number of fish passes
installed in just 23.3% of the reservoirs studied. It
should also be borne in mind that fish passes do not
fully eliminate the problem of impeded fish migra-
tion (Roscoe and Hinch 2010, Bunt et al. 2012, Hatry
et al. 2013); unfortunately, the effectiveness of many
fish passes is low (Noonan et al. 2012).

The second problem that respondents pointed
out was the negative impact of the cormorant that is
related to climate warming, i.e., its increased
pressure on the dam reservoir fish stocks. The cor-
morant problem in Poland has been the focus of in-
creasingly lively discussion for years, because,
according to research, this species is the main con-
sumer of fish in inland waters and coastal lagoons
(Krzywosz and Traczuk 2012, Trella 2017), and as
such, these birds are a potential threat to many fish
populations in Poland and many other countries
(Svazms et al. 2011, Winkler et al. 2012,
Heikinheimo et al. 2016, Trella and Mickiewicz
2016). The problem of cormorant pressure on fish
stocks will increase along with climate change as av-
erage temperatures increase and the typical winter
shortens, which will result in a notable shortened ice
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cover period, which respondents scored highly. The
number of cormorants decreased with increased ice
formation on dam reservoirs (Bobrek et al. 2018,
Wilk et al. 2019). With increased air temperatures
and the resulting, in part, higher trophic status of the
reservoirs, water temperatures and fish biomasses
will increase, and the periods of cormorant habita-
tion will extend (which it has, in fact, already done)
and the numbers of this bird will also increase
(White et al. 2015, Klimaszyk and Rzymski 2016).
Respondents also scored problems highly that
resulted from perceptible changes in climate. The
most significant included increased water tempera-
tures in spring and summer, extreme jumps in water
temperatures in summer, water level fluctuations in
spring and summer, low water levels from spring to
fall, algal blooms (mainly in summer), and oxygen
depletion. Reservoirs have a very significant impact
on water thermal regimes since they cause distur-
bances in relationships between river water tempera-
tures and air temperatures (Moniewski and Stolarska
2007). Reservoir thermal stratification throughout
the year causes significant temperature changes in
both reservoirs and in rivers downstream from them
(Wiejaczka 2011). Reservoirs have a significant im-
pact on natural relationships between air and water
temperatures; since there is a clear difference be-
tween these parameters in comparison to them prior
to dam construction, this results in air temperatures
having less of an impact on water temperatures in
streams in any season of the year (Kedra and
Wiejaczka 2017). Because of the potentially adverse
impact of thermal sewage, respondents noted
a higher intensity of summer algal blooms, which, ac-
cording to Traczewska (2012), are often more intense
in dam reservoirs. It should be remembered, how-
ever, that nutrients from anthropogenic sources are
the primary cause of algal blooms and increased wa-
ter trophic status in Polish dam reservoirs
(Czaplicka-Kotas et al. 2012). All these factors have
a significant impact on fish populations, piscivorous
animals (Lessard and Hayes 2003), and water oxy-
gen content. Therefore, the high scores these phe-
understandable, because

nomena received is

increased water temperatures in reservoirs not only

affected fish, they also impacted entire aquatic eco-
systems (Olden and Naiman 2010). The changes in
reservoir water levels the respondents noted are
a very complicated problem because they result from
the very function of reservoirs, the priority task of
which is water retention for flood control or energy
requirements, and not fisheries. Additionally, water
level fluctuations also result from the lack of or heavy
precipitation, which either exposes or floods large
areas of reservoir bottom resulting in the poor littoral
zone development or the lack thereof. This zone gen-
erally occurs in natural basins (Traczewska 2012),
and it is of fundamental importance to the diversity
and abundance of fish species (Winfield 2004).

Maintaining sustainable fisheries in dam reser-
voirs requires sound stocking policy. Phenomena de-
scribed above, such as temperature jumps or water
level fluctuations during spawning periods, signifi-
cantly impact the development of species and their
juvenile stages. According to respondents, climate
change has the greatest impact on pike spawning.
Currently in Poland, pike is the most important spe-
cies in stocking policy, and its stocking dominates in
all inland waters (lakes, rivers, and dam reservoirs;
Mickiewicz and Wotos 2012, Mickiewicz and Trella
2016, 2017, Mickiewicz 2018). During spawning,
this species requires favorable hydrological condi-
tions, including increased water levels and longer
flooding periods in coastal meadows where spawn-
ing occurs (fLozowski et al. 2014). All of this explains
why pike received such high scores in the assessment
of negative climate change impacts in comparison to
other fish species in terms of both spawning (natural
and artificial) and in assessing the impact of these
changes on recreational fishing.

The remaining parameters tested obtained much
lower SR points, which resulted mainly from the fact
that the majority of respondents selected the answer
“no impact.” For some variants of responses, it was
not surprising that users did not see any impact on
fishing operations; however, on questions pertaining
to the use of fishing gear such high percentages of re-
sponses indicating the absence of any impact was
surprising. According to an FAO report (FAO 2018)
on the impact of climate change on fisheries and
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aquaculture, the topic of fishing gear is quite exten-
sively discussed and emphasizes that as climate
change progresses the use of current fishing gears
will be problematic or even impossible. Equally sur-
prising was the fact that respondents thought that the
only impact climate change was having on the length
of the recreational fishing season was to shorten it in
winter.

Conclusions

The responses obtained from the questionnaires pre-
sented the real problems that those entitled to exploit
the fisheries of dam reservoirs are facing, especially
the problems the respondents observed to be linked
with climate change. Since the answers to the ques-
tionnaire were obtained from entities that exploit
nearly 50% of the total area of dam reservoirs, it can
be stated that this sample is highly representative of
all fisheries conducted in this group of reservoirs in
Poland, and one can reasonably assume that this also
applies to neighboring regions of Central and Eastern
Europe. As is demonstrated in this paper, conducting
fisheries in these waters requires a comprehensive
approach, and the respondents themselves are
mostly aware of current or future climate changes
and their impacts on the fisheries. This conclusion of
the survey is significant because it is expected that
climate change will intensify and significantly affect
both recreational and commercial fisheries con-
ducted in dam reservoirs (Kaczkowski et al. 2019).
Most of the entities entitled to fish in dam reservoirs
do not operate commercial fisheries opting instead
for recreational fisheries; however, regardless of the
management model chosen, climate change will
stimulate increased densities of cyprinids that could
require periodic targeted catches of these low value
cyprinids.
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