Marie Prchalova







UNIVERSITY OF SOUTH BOHEMIA
FACULTY OF SCIENCE

Gradients of fish distribution in reservoirs

Marie Prchalova

Ph.D. dissertation

SupervisoDoc. RNDr. Jan Kuh#&a, CSc.

Biology Centre of the Academy of Sciences of thed®zRepublic, v.v.i,
Institute of Hydrobiology

Ceské Budjovice 2008



Prchalova, M., 2008. Gradients of fish distributiarreservoirs. Ph.D. dissertation, in
English. — 72 p., Faculty of Science, UniversitySafuth Bohemia(eské Budjovice,
Czech Republic

Annotation

Patterns of fish spatial distribution were studied two Czech canyon-shaped
reservoirs and in three Dutch basin-shaped regsrvéiffects of environmental
variables like habitat depth, slope, distance ftbenshore and distance from the dam
were evaluated using multivariate statistics. @illgelectivity was also studied as fish
were sampled using gillnets.

Financial support

This study was supported by grants 3067/2005 (FR¥8n the Ministry of
Education, Youth and Sports of the Czech Repubi€QS600170504 and
AV0Z60170517 from the Grant Agency of the AcadenfiySaiences of the Czech
Republic and 206/07/1392 from the Grant Agencyhef@zech Republic.

Declaration

| declare that this dissertation was fully workedt dy myself using the cited
literature only.

| declare that in accordance with the Czech legalec8 47b law No. 111/1998 in
valid version | consent to the publication of mgg#rtation in an edition made by
removing marked parts archived by Faculty of Saeimcan electronic way in the
public access section of the STAG database rumdéyhniversity of South Bohemia
in Ceské Budjovice on its webpages.

Prohlasuji, Ze svoji disertai praci jsem vypracovala samostagpouze s pouZzitim
prameti a literatury uvedenych v seznamu citované litegatu

Prohlasuji, ze v souladu s 8§ 47b zakon&11/1998 Sb. v platném &m souhlasim se
zverejnénim své disertai prace, a to v Upréawzniklé vypusnim vyzn&enychcasti
archivovanych Hrodowdeckou fakultou elektronickou cestou verejee pristupné
casti databaze STAG provozované diskou univerzitou Ceskych Budjovicich na
jejich internetovych strankéach.

In Ceské Budjovice, 9 April 2008

Marie Prchalova



Acknowledgement

My first thanks belongs to Jan Kulk@ — a supervisor, a founder and a manager of
the FishEcU team, a good boss and a patient mamnanitrtfully detached view who
taught me that everybody has the right to reallmegs gradually. | would like to
thank all members of the FishEcU team for theiphdliring field work and data
processing. Without them | would have played wattsingle fish instead of tens
thousands. I'm also grateful for their friendshgherry company and discussions
during my studies. A big thanks to the directortlod BC AS CR, v.v.i, Institute of
Hydrobiology, Josef Ma&ha, for the opportunity to carry out my B.Sc., M.@ad
Ph.D. studies at our institute.

My special thanks belongs to Karel for finding whatas searching for almost half of
my life, to my family and friends that they are,Retr Pokorny (Pokorny-$itBrloh,
gilinet manufacturer) for always being aware tlfatis not easy and to Ot Slavik
for providing scientific experience and realizingpet value of interpersonal
communication.

“...freedom of a will is only for people, who are aluf it...”
Matyas Tanner, head of the Czech division of Spmétesus, 1675. In: Sotola, J.,
1990. Society of Jesus. Prakaskoslovensky spisovatel, p. 171.



Curriculum vitae

Marie Prchalova was born on 24 May 1979 in Kolire€h Republic. After her final
graduation exams at the Secondary Agricultural 8choPodbrady, she started to
study at the Faculty of Science, University of $oBbhemia inCeské Budjovice,
Department of Ecosystem Biology. In 2003, she ssafodly defended her Master’s
and RNDr. thesesand passed final exams for the degrees of M.SEciiogy and
RNDr. In the same year, under the leadership of dhme supervisor, Dr. Jan
Kubeika, and in the same department, Marie began hé&. Btudy in Hydrobiology.
She focused on patterns of fish distribution ireresirs in her dissertation. During
her studies, fish were sampled using gillnets abeécame quite important to improve
the quality of assessment and analysis of gillregthes. Motivated by this, she
focused her attention also on gillnet selectividarie has been a proud member of
the FishEcU team since her first year at univergiwyvw.hbu.cas.cz/fishecu/).

From 2002 — 2004, she worked at the Water Resdastlute of T.G. Masaryk in
Prague. The topic of her work was evaluating fiskgage through theig&kov fish
pass on the Elbe RiVeander the supervision of M.Sc. QefiSlavik, Ph.D.

~

Photo by Steve Miranda,fiJPeter and many others

" Prchalova, M., Drastik, V., Kubka, J., Sricharoendham, B., Schiemer, F. & Vijvegbd. (2003).
Acoustic study of fish and invertebrate behaviguaitropical reservoir. Aquatic Living Resources 16
325-331.

" Prchalova, M., Vetesnik, L. & Slavik, O. (2006)igvations of juvenile and subadult fish through a
fishpass during late summer and fall. Folia Zoatagb5(2), 162-166; Prchalova, M., Slavik, O. &
Barto§, L. (2006). Patterns of cyprinid migratiomwaugh a fishway in relation to light, water
temperature and fish circling behaviour. JournaRivier Basin Management 4 (3), 213-218.



List of papers

The dissertation is based on the following papeapé€r | — V in the text):

Paper |

Paper Il

Paper Il

Paper IV

Paper V

Prchalova, M., Kublea, J., VaSek, M., Peterka, J.,d%e J., dza, T.,
Riha, M., Jarolim, O., TuSer, M., Kratochvil, Miech, M., Drastik, V.,
Frouzova, J., Hohausova, E. Patterns of fish 8igion in a canyon-
shaped reservoir. Journal of Fish Biology, accepted

Prchalova, M., Kubka, J., Cech, M., Frouzova, J., Drastik, V.,
Hohausova, E.,ata, T., Kratochvil, M., Mana, J., Peterka, JRiha,
M., VaSek, M. The effect of depth, distance fronrmdand habitat choice
on the spatial distribution of fish in a canyon{sba reservoir. Ecology
of Freshwater Fish, submitted.

Prchalova, M., Kubka, J., Hladik, M., Hohausova, ECech, M.,
Frouzova, J., 2006. Fish habitat preferences iraificial reservoir
system. Verhandlungen der Internationalen Veremggfiir Limnologie
29, 1890-1894.

Prchalova, M., Kubka, J.,Riha, M., Litvin, R.,Cech, M., Frouzova, J.,
Hladik., M., Hohausov4, E., Peterka, J., VaSek,Werestimation of
percid fishes (Percidae) in gillnet sampling. Fig®e Research,
accepted. doi:10.1016/j.fishres.2007.11.009.

Prchalova, M., Kubka, J.,Riha, M., Mrkvicka, T., Vasek, M., {ka, T.,
Kratochvil, M., Peterka, J., Drastik, V. iiKek, J. Size selectivity of
standardized multimesh gillnets in sampling codfseopean species.
Fisheries Research, submitted.



Author’s contribution

Marie Prchalova (author of this dissertation) is finst author of all papers and wrote
all of them. Most of the statistical analyses adl @& processing of most of the raw
results were performed by Marie Prchalova. All dbats participated during all
sampling, processed certain results (Mikiha in the paper IV and V, JosefiKek in

in the paper V) and performed certain statisticallgses (Radek Litvin in in the paper
IV, Tomas Mrkvika in in the paper V).

All coauthors hereby consent to the publicationhef papers in dissertation of Marie
Prchalova and support it by their signatures:

Doc. RNDr. Jan Kub#a, CSc. Doc. RNDr. Josef Mag, CSc.
RNDr. MartinCech, Ph.D. Ing. Jaroslava Frouzova, Ph.D.
Mgr. Eva Hohausova, Ph.D. RNDrii Feterka, Ph.D.
Mgr. Mojmir VaSek, Ph.D. Mgr. Michal Kratochvil

Mgr. Tomas dza Mgr. MilanRiha
RNDr. Josef Kizek Mgr. Vladislav Drastik
RNDr. Tomas Mrkwika, Ph.D. Mgr. Radek Litvin
RNDr. Jaromir Ska, CSc. Bc. Oldch Jarolim

RNDr. Milan Hladik, Ph.D.



Paper | — statement of acceptance and impact factor

Subject: JFB MS 07-163R3 accept

Date: 19 Mar 2008 12:06:48 -0400

From: Journal of Fish Biology <journal.fishbiology@ b&rporld.com>
To:  marie.prchalova@bf.jcu.cz

Dear Dr Prchalova

Your paper, Manuscript Number MS 07-163R3 has lsmepted for publication in
the Journal of Fish Biology. | have forwarded thanmscript to Fiona McLeod,
Production Editor, Blackwell Publishing, 101 Geor§teet, Edinburgh EH2 3ES,
Scotland (email: fiona.mcleod@edn.blackwellpublighcom).

You will receive an email when your proofs are ngaghich will probably be in 4-6
weeks time. The email will give instructions forvddoading the pdf file from the
eproof site. Please correct and return the pranfadg promptly. You can email a list
of corrections to me (please include page andrdumaber), fax them to me, or post
me a marked hard copy.

Best wishes
John Craig

Dr J F Craig

Editor

Journal of Fish Biology

Whiteside

Dunscore

Dumfries DG2 OUU

Scotland

Tel./Fax: 44 (0) 1387 820860

email: journal.fishbiology@btopenworld.com

Impact factor of Journal of Fish Biology:

2006 — 1.393
2005-1.188
2004 - 1.198

2003 -1.200



Paper IV — statement of acceptance and impact faato

Subject: Your Submission

Date: Tue, 13 Nov 2007 11:52:52 -0000

From: Fisheries Research <fish@elsevier.com>
To:  <marie.prchalova@bf.jcu.cz>

Ref.. Ms. No. FISH1350R2
Overestimation of percid fishes (Percidae) in gilsampling
Fisheries Research

Dear Ms. Prchalov4,

| am pleased to tell you that your work has nownbaecepted for publication in
Fisheries Research. The manuscript will now emermroduction process. Proofs will
be sent to you in due course.

Thank you for submitting your work to this journal.

With kind regards

Antoinette van den Brakel

Journal Manager

Fisheries Research
fish@elsevier.com

Impact factor of Fisheries Research:

2006 - 1.216
2005 -1.160
2004 —0.932

2003 - 0.956



Contents
Gradients of fish distribution in reservoirs 1

Paper |  Prchalova, M., Kublka, J., VaSek, M., Peterka, J.,d%e J., dza, T.,
Riha, M., Jarolim, O., Tu3er, M., Kratochvil, MCech, M., Drastik, V.,
Frouzova, J., Hohausova, E. Patterns of fish Oigtion in a canyon-
shaped reservoir. Journal of Fish Biology, accepted 9

Paper Il Prchalovd, M., Kubka, J., Cech, M., Frouzova, J., Drastik, V.,
Hohausova, E.,ata, T., Kratochvil, M., Mana, J., Peterka, JRiha,
M., VaSek, M. The effect of depth, distance fronrmdand habitat choice
on the spatial distribution of fish in a canyon{sba reservoir. Ecology
of Freshwater Fish, submitted. 32

Paper Il Prchalova, M., Kubka, J., Hladik, M., Hohausova, ECech, M.,
Frouzova, J., 2006. Fish habitat preferences iratificial reservoir
system. Verhandlungen der Internationalen Vereimggtiir Limnologie
29, 1890-1894. 49

Paper IV Prchalova, M., Kubka, J.,Riha, M., Litvin, R.,Cech, M., Frouzova, J.,
Hladik., M., Hohausov4, E., Peterka, J., VaSek,Werestimation of
percid fishes (Percidae) in gillnet sampling. Fig®e Research,
accepted. doi:10.1016/j.fishres.2007.11.009. 54

Paper V. Prchalova, M., Kubka, J.,Riha, M., Mrkvicka, T., Vadek, M., ika, T.,
Kratochvil, M., Peterka, J., Drastik, V. iiKek, J. Size selectivity of
standardized multimesh gillnets in sampling codfseopean species.
Fisheries Research, submitted. 63






Gradients of fish distribution in reservoirs

Introduction

Reservoirs have become an integral part of ourulltlandscape. They have
unquantifiable importance in drinking water supplfs such, water quality
management is of prime interest. Fish have an pudi#ble function in water quality
processes (Hriiék et al., 1961; Williams and Moss, 2003) and rauycertain fish
species in a system is a method of water bodynagia (see Olin, 2005). However,
if one wants to understand the effect of fish,khewledge of fish spatial distribution
is crucial.

The hunger for such knowledge is relatively re@md questions without answers are
still found on this topic (see VaSek, 2004). Thanegal consensus that originally
riverine fish concentrate in the reservoir envir@minthat is most similar to a river,
i.e. the tributary and littoral areas (Fernando &talcik, 1991), is now partially
buried when fish biologists started to sample #fsopelagic zone of the reservoirs
(e.g. Vasek et al., 2004; Jarvalt et al., 2005;!kaald Radke, 2006).

The basic aim of my dissertation was to descrilitepes of fish spatial distribution in
five reservoirs that differed in morphology and taer limnological features. The
Rimov and Zelivka water supply reservoirs in the @z®epublic have only one
principal tributary and are located in relativelyarrow valleys. Due to this
morphology they are called canyon-shaped reservoBeth reservoirs are
characterized by a pronounced longitudinal gradeémutrients, phytoplankton and
zooplankton (StraSkrabova et al., 1994; Hejzlar &ythnalek, 1998; Desortova,
1998; Sda and Devetter, 2000) and by well developed theraradl oxygen
stratifications during summer.

Three Dutch basin-shaped reservoirs form largerebadowls in the Meuse River in
the polder district of Biesbosch. Environmentalenegeneity is very limited together
with shelter possibilities and the growth of subgeel marcophytes. The three
reservoirs create a cascade — water from the isvenmped into the first one, then to
the second one and water from the third one godéisetdinal treatment for drinking
water. All three reservoirs are artificially desifiead by strong aerations (Ketelaars et
al., 1998).

In order to sample the fish vertical distributiondetail, up to eight depth layers in
benthic habitats and up to three depth layers iagpe habitats were fished. The
benthic habitat was defined as the 1.5 m deep lalgeve the bottom. The pelagic
habitat was defined as the volume of the open waitdr no contact with the bottom
or shore. In order to describe the fish horizoniatribution, several localities along
the longitudinal reservoir axis were sampled andhes from benthic and pelagic
habitats were treated separately. As habitat preé®Es may change during ontogeny
(e.g. Fischer and Eckmann, 199%&ch et al., 2005; Jeppesen et al., 2006), samples o
0+ year old and older fish were analysed indivitual

Fish were sampled using multimesh gillnets (EU &ttt Document EN 14 757).
Gillnets are widespread and highly respected deilinets are able to catch fish in a
locality where other reliable gear are not appliean the temperate region, gillnets
catch fish “simply always” (J. Kuli&a).

Gillnets are a passive gear and as such they attlio produce a biased picture that
may not be fully representative of the fish comnynbDifferences in activity and
body morphological features between various fiseces or size groups caused
species and size selectivity of gillnets (see Kahki, 1999). However, all important
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aspects of gillnet selectivity has not been fuilfufed out yet. Thus the second aim of
my dissertation was to describe the species aral sgfectivity of gillnets using
comparable catches of gillnets and catches of tweagampling gear, beach seines.

Results

This dissertation is composed of five papers —mayeer already published (paper 1),
two papers accepted (papers | and IV) and two gapdsmitted (paper 1l and V) to
scientific journals.

Paper | — Patterns of fish distribution in a canyonshaped reservoir

In August 2004 and 2005, an extensive study ofifiecommunity was carried out in
the largest water supply reservoir in the CzechuRkp and Central Europe, the
canyon-shaped Zelivka Reservoir, using a fleet ofdi¢ multimesh gillnets. Fish
were sampled at eight locations along the longraldprofile of the reservoir and at
five benthic depth layers covering depths from sheface down to 18 m (benthic
gilinet 1.5 m high), and at three pelagic deptretaydown to the depth of 5 m above
the bottom (pelagic gilinets 4.5 m high). Catché®ath juvenile (0+ year old) and
adult (fish older than one year) fish were highesthe upper layers of the water
column (i.e. in the epilimnion down to 5 m, and doiw 10 m in the benthic habitats).
Along the tributary-dam axis in the pelagic halsitaboth juvenile and adult fish
preferred the upper part of the reservoir, wheeenttaximum number of species and
also the highest amount of zooplankton were foundthe benthic habitats, fish
selected location according to factors other thaphic status. More juvenile fish
were recorded in the benthic habitats than in tekagic habitats. Depth had the
largest explanatory power for predicting fish conmitys composition, followed by
the affiliation with benthic/pelagic habitats amgdtion on the longitudinal axis of the
reservoir. The fish community was represented npayl cyprinids and consisted of
two distinct groups of species, with bleAkburnus alburnugL.), rudd Scardinius
erythrophthalmugL.) and aspAspius aspiug¢L.) dominating the offshore group while
perchPerca fluviatilisL. and ruffeGymnocephalus cernuyk.) were affiliated with
the inshore group of the adult fish community. Ro&utilus rutilus (L.), bream
Abramis brama(L.) and pikeperchSander luciopercal.) occurred in important
proportions in both the inshore and offshore zoAdisspecies, with the exceptions of
adult perch (1+ and older), 0+ perch and 0+ rogekferred the most eutrophic
tributary part of the reservoir. The fish communitgs relatively stable between the
two years sampled.

Paper Il — The effect of depth, distance from damad habitat choice

on the spatial distribution of fish in a canyon-shaed reservoir

In 1999 — 2007, spatial distribution of the fisnoaunity in theRimov Reservoir,
Czech Republic, was sampled using multimesh gglnEfffects of depth, distance
from the dam to the tributary as well as habitatiok on fish community structure,
abundance, biomass and average weight were tesiegl nedundancy analysis. Fish
were recorded in all sampled depths and parts efréservoir. Effects of three
environmental variables were significant and mastability was explained by depth,



then by distance and habitat. Abundance and biomwiaai species decreased with
depth and responses of individual species werelainm juvenile as well as adult

fish. Number of species, abundance and biomash sfpecies except perch increased
heading towards the tributary and peaked closer tat dhe tributary. Responses of
juvenile fish to distance differed from adult fisthe fish community were found to

have different structures in benthic and pelagioitass; species preferred to occupy
epipelagic (bleak, asp, rudd and juvenile bleakchoand bream) or littoral waters
(perch, pikeperch, ruffe, roach, bream and juvepdecids). Larger fish of all species
except pikeperch and ruffe were caught in pelagibitats. This nine-year study

showed that fish distribution in the reservoir delled distinct patterns, which were
shaped by a combination of physiological constsapitis a trade-off between food
resources and competition.

Paper Ill — Fish habitat preferences in an artificial reservoir system
Three Dutch artificially mixed reservoirs — De @Gs (320 ha), Honderd en Dertig
(219 ha) and Petrusplaat (105 ha) — were sampl&@898, 2000 and 2002 during late
August an early September in order to describeHatitat preferences. Eight benthic
and three pelagic habitats covering all depth kysrd bottom types were fished
using multimesh gillnets. Fish were found in albltats — the highest abundances
were recorded in the benthic habitat 6 — 7 m de#p the flat bottom and in the
benthic habitat with rugged bottom with numerouspéoles in the depth of 15 m.
Pelagic habitats were occupied by less fish andt mbthem were recorded in the
depth layer 9.5 — 5 m above the bottom. Multivariamalysis showed that most of the
variability in community structure could be explagh significantly simply by an
affiliation to the individual habitat. We also ted following characteristics of the
habitats — volume, depth, bottom type and slopd, fannd out that these variables
had significant but lower effect on the fish comntystructure indicating that habitat
was not only a set of abiotic characteristics. Frahbitat characteristics, volume had
the strongest effect on the community of both Oaryad and adult fish. O+ year old
fish were also significantly influenced by the deptmost 0+ year old fish occurred
in depths down to 15 m. Only 0+ year old pikepeand ruffe had positive correlation
with the depth. 0+ smelDsmerus eperlanu@..) and 0+ bream inhabited preferably
the pelagic habitats, whereas 0+ roach and O-tédeiscus idugL.) were found in
both pelagic and benthic habitats in abundancevealioe average. 0+ year old
percids, perch, pikeperch and ruffe were found igamthe benthic habitats. In case
of adult fish, only smelt and bleak showed positoggrelation with the volume —
smelt preferred the pelagic habitats and bleak thadhighest abundances in both
pelagic and shallow benthic habitats. Adult pikepetbream and ruffe had positive
correlation with the depth. Abundances of roachrcipeand white breanBlicca
bjoerkna(L.) were highest in the benthic habitats dowrthe depth of 15 m. This
study showed that in absence of thermal and oxwgetification, fish utilized all
depths and volumes of the reservaoir.

Paper IV — Overestimation of percid fishes (Percida) in gillnet
sampling

Overestimation of the number of percid fishes takgrgillnets was studied in eight
reservoirs in the Netherlands and the Czech Reputhliring 1998 — 2006.



Overestimation was defined as a higher proportibrpercids (percids/(percids +
cyprinids)) in gillnets than in the reference conmity (catches by seines on the same
beach and night as the gillnet catches). In t&dalpairs of catches were compared
and overestimation was found in more than 80% eésaThe overestimation ranged
from a few percent to more than 1 000%, being deé@enhon the proportion of
percids in the fish community. Overestimation waghhst in reservoirs with the
lowest proportions of percids. Overestimation wasved for perch, but not for
pikeperch and ruffe. A correction factor was depeld for the proportion of perch in
the gillnet catches, using an empirical cubic fiorct Analysis of the direct
mechanisms by which fish were enmeshed in theagishowed that most fish were
wedged, one quarter were gilled and only 1.5% wengled. Percid species were
relatively more frequently tangled and gilled thayprinids but not to an extent that
can completely explain the total overestimatiorrtit@rmore, the overestimation was
not caused by a higher probability of perch beiatained in the gillnet, as was
evident from an experiment with retaining perch armhch in the gillnet.
Overestimation of perch is most likely caused byigher probability of them
encountering the gillnet, in comparison with cypms which is related to their
greater activity during dusk and dawn.

Paper V — Size selectivity of standardized multimésgillnets in

sampling coarse European species

We studied gillnet selectivity using a direct methof comparing fish size
distributions from gillnet catches (Nordic type, shesize range 5 — 135 mm, factor
between adjacent mesh sizes 1.25) with referensteibuition obtained by fry and
adult beach seining (net length 10, 40 and 50 nshnms&ze 1, 6 and 10 mm,
respectively) in five Czech reservoirs. Target sggewere roach, perch and rudd. The
most common pattern of differences in fish sizdritigtions between the two gear
was that more 0+ and 1+ year old fishes were cagleach seine nets and slightly
higher proportion of larger fishes was observedjilmet catches. For three given
species, gillnets were not able to enmesh fishedlenthan approximately 40 mm in
standard length. We developed average speciesfispeoirections that increased
proportions of 0+ and 1+ year old fish and decegm@gortions of larger fishes.
However, the average correction produced biaseckcted size distribution in app.
20 % of cases. We also applied Kurkilahti's congcgiven in an European Standard
EN 14 757, but it had a negligible effect on redgcdbias in size distribution. Future
research is needed to develop more accurate dongcbecause without corrections
for size distribution, interpreting results fromllget sampling, especially these
including data on 0+ and 1+ year old fishes, iyveisleading.

General discussion, conclusions and perspectives

The following patterns of fish spatial distributievere studied and described in this
dissertation:

A definite vertical pattern of the fish distributiowas found in reservoirs with
developed thermal and oxygen stratification andttbphic status ranging between
meso- and eutrophy. The highest abundances of jngdnile and adult fish were
recorded in the depth layer of epilimnion, diredbglow the surface to the depth of
thermocline. In the epilimnion, fish utilized théghest water temperatures, oxygen
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concentrations and food resources. This pattenenical distribution was described
also in other reservoirs and lakes e.g. in Pol@widrzowski et al., 2000), Estonia
(Jarvalt et al., 2005), Germany (Bohl, 1980), Swe(f@egerman et al., 1988), France
(Brosse and Lek, 1999) and the Netherlands (Mowas ,e2004). However, as oxygen
concentration directly below thermocline did notalke limiting values for fish
occurrence (StraSkraba, 1974), part of the pomuaif roach, perch, bream and ruffe
also occupied deeper layers in both pelagic andhblerhabitats. This spatial
segregation of perch was ascribed to avoidanceomipetition with roach (Persson,
1986; Kahl and Radke, 2006).

In reservoirs with no thermal and oxygen stratiima, fish occupied all depth layers
with preferences for a relatively shallow habitat« 7 m) with the bottom without
slope and for a deep habitat with the highest le¥dieterogeneity. Pelagic habitats
were inhabited by less fish and most of them weo®nded in the deepest part of it.
Fish did not preferred the shallowest habitats @bbpdue to a risk of predation by
numerous piscivorous birds (Eckmann and ImbrocRB)dresent in the reservoirs.

A clear pattern of the fish horizontal distributiovas found in reservoirs with a
distinct longitudinal pattern of nutrients. Varionstogenetic stages (ecospecies) of
roach, bream, bleak, asp, white bream, pikeperchraffe preferred parts of the
reservoirs with a high trophy i.e. the upper anel tililbutary parts of the reservoirs.
Contrary, juvenile and adult perch seemed to ayeids of the reservoirs with the
highest fish abundances and explored local maximaooplankton. In benthic
habitats, the longitudinal pattern of the fish wlition was influenced not only by
the gradient of nutrients but also by local charastics of certain localities (e.g. the
gentle bottom slope, dense vegetation of marcoptstie), where high abundances of
especially juvenile fish were found.

Benthic and pelagic habitats were inhabited byedg#ht fish communities. All
important species occurred in both types of habitadowever, the structure of the
community changed significantly. Fish ecospeciaddde divided into two groups.
A group of epipelagic species — smelt, bleak, asdd with their juveniles and
juvenile bream and roach, preferred the upper dieter of the pelagic habitats. A
second group of inshore (littoral) species — adolich and bream, and perch,
pikeperch and ruffe with juveniles, occupied thath& habitats down to a depth of
approximately 15 m. In every sampled reservoiragiel habitats were not empty as
expected by Fernando and Ei&l (1991) indicating that originally riverine fistan
utilize the resources of pelagic habitats in resiesv High abundances of juvenile
cyprinids found in the pelagic habitats confirmdxbit diel horizontal migration
between day littoral and night pelagic habitats {IBA980; Gliwicz and Jachner,
1992).

As a next step in studies of fish spatial distridmit Czech reservoirs with lower
trophy, higher water transparency (e.g. the NymRkservoir) or without pronounced
longitudinal pattern of nutrients (e.g. the Chalv&ce mining pit) will be studied
using gillnets. Further, time series of gillnetatas in theRimov Reservoir will be
analysed and compared with time series of trawdhest of pelagic juvenilesi(da et
al., submitted) and littoral beach seine catcheadoiit fish Riha et al., submitted).
Based on gilinet catches and with knowledge of m@s of individual habitats, it will
be possible to provide weighed estimate of the dmmmunity of the whole reservoir
(Prchalova et al. 2006, Kulla et al. submitted).

As fish for my studies were sampled using gillnetspart of this dissertation was
dedicated to the gillnet selectivity. Studies olingt selectivity showed that gillnet
catches have to be interpreted with caution dubidsed species as well as size
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composition. Based on comparison with the activapdimg gear (beach seine nets),
numbers of perch were found to be overrepresentedjilinet samples. Two
experiments showed that the overrepresentatiori@hpyas not caused by its thorny
appearance (projections of opercula and ctenoites¢cavhich could increase the
probability of capture and retention in the netwas concluded that the higher
proportion of perch was probably caused by its éighctivity in comparison with
other species and accordingly by its higher prdiiglaif encountering the gillnet.
Comparing fish size distributions from gillnets abeach seine nets indicated that
gilinets provided a different size composition bé tfish community. Juvenile roach,
perch and rudd (0+ and 1+ year old) were undersepited in gillnet catches. On the
other hand, larger fish were slightly overrepresdnh gillnets. Potential reasons for
these biased proportions were not examined cayethibugh. However, it was
hypothesized that both mechanical characterisfigglloets as well as physiological
abilities of fish of different sizes (swimming sjpgeenanoeuvring capabilities) would
play a role in the size selectivity of gillnets.

Corrections were developed for the species coniposieducing proportion of perch,
for the size distribution increasing proportion sifhall fish and the decreasing
proportion of larger fish. However, these topicgavanswered in a way that gave rise
to new questions, as usual, so better correctionsld be found. Regarding these new
guestions, species and size compositions of gilatthes as well as gillnet catch-per-
unit-of effort will be compared with trawl and béaseine net catches and also with
results derived from hydroacoustics in order toarstind the relevance of the gillnet
picture.

The fish spatial distribution in reservoirs wasrduo be clearly inhomogeneous and
multimesh gillnets proved to be a reliable gear 6wtlining the gradients of
distribution. Directions for future research emergeomisingly and | believe that |
will not get lost.
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Paper | — Abstract

In August 2004 and 2005, an extensive study offiffecommunity was carried out in
the largest water supply reservoir in the CzechuRBkp and Central Europe, the
canyon-shaped Zelivka Reservoir, using a fleet afdi¢ multimesh gillnets. Fish were
sampled at eight locations along the longitudinalfie of the reservoir and at five
benthic depth layers covering depths from the serfifown to 18 m (benthic gillnet 1.5
m high), and at three pelagic depth layers dowthéodepth of 5 m above the bottom
(pelagic gilinets 4.5 m high). Catches of both juiles (0+ year old) and adult (fish older
than one year) fish were highest in the upper Bydrthe water column (i.e. in the
epilimnion down to 5 m, and down to 10 m in the tbenhabitats). Along the tributary-
dam axis in the pelagic habitats, both juvenile addlt fish preferred the upper part of
the reservoir, where the maximum number of spearab also the highest amount of
zooplankton were found. In the benthic habitatsh fselected location according to
factors other than trophic status. More juvenilehfiwere recorded in the benthic
habitats than in the pelagic habitats. Depth haal l#rgest explanatory power for
predicting fish community composition, followed the affiliation with benthic/pelagic
habitats and location on the longitudinal axishaf teservoir. The fish community was
represented mainly by cyprinids and consisted af tlistinct groups of species, with
bleak Alburnus alburnug(L.), rudd Scardinius erythrophthalmu@..) and aspAspius
aspius(L.) dominating the offshore group while perBlerca fluviatilis L. and ruffe
Gymnocephalus cernuu&.) were affiliated with the inshore group of thaeult fish
community. RoachRutilus rutilus (L.), bream Abramis brama(L.) and pikeperch
Sander lucioperca(L.) occurred in important proportions in both tishore and
offshore zones. All species, with the exceptionaailt perch (1+ and older), 0+ perch
and O+ roach, preferred the most eutrophic trilyutzart of the reservoir. The fish
community was relatively stable between the twaysampled.

Clanek | — Abstrakt

V srpnu roku 2004 a 2005 préido na nadrzi Zelivka — nejsi Gdolni nadrzi na pitnou
vodu vCeské republice a ®tdni Evro, intenzivni sledovani rybi obsadky pomoci
mnoho@kovych Nordickych tenat. Ryby byly loveny na osmistech podél podélné
osy nadrze, v i bentickych habitatech od hladiny az do hloubBym (benticka tenata
byla 1,5 m vysoka) a veech pelagickych habitatech od hladiny do hloubky Bade
dnem (pelagicka tenata byla 4,5 vysoka). Ulovkyepilnich (st& 0+) i dosglych ryb
(st&i 1+ a vice) byly nejvyssi v hornich vrstvach vdangloupce tzn. v epilimniu do
cca 5 m hloubky v pelagickych habitatech a do hkgub0 m v bentickych habitatech.
Juvenilni i dosplé ryby preferovaly v pelagickych habitate¢fasti nadrze nejbliz
piitoku, kde byl také zaznamenan nejvysSicgbodruli ryb, nejvySSi hustota
zooplanktonu a nejvyssi trofie. Distribuce ryb wntiekych habitatech se vsakdila
pravdEpodobrt jinymi faktory nez trofii. Vice juvenilnich ryb iy uloveno v habitatech
bentickych nez pelagickych. fiPpiedpovidani sloZzeni rybi obsadkyélmnejvetsi
vyswetlujici silu faktor hloubky. MenSi vliv byl zaznam&m u faktoit prislusnost
habitatu do bentickéi pelagické skupiny a umisti lovného mista na podélné ose
nadrze. Kaprovité druhy rybig@dstavovaly #tSinu rybich drub spol€enstva. Ve
spolg&enstvu se daly dale odliSit éhskupiny druli dosglych ryb, a to druhy ouklej
obecnéAlburnus alburnugqL.), perlin ostrofichy Scardinius erythrophthalmud..) a
bolem dravyAspius aspiugL.), které dominovaly pelagické skupjna druhy okoun
ficni Perca fluviatilis L. a jezdik obecnyGymnocephalus cernuugl.), které
piedstavovaly hlavni druhy skupinyipieZznich drub. Plotice obecn&utilus rutilus
(L.), cejn velky Abramis brama(L.) a candat obecnyander lucioperca(l.) se
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vyskytovaly v obou dvou skupinach ve vyznamnych ilemth. VSechny druhy
s vyjimkou juvenilnich a dosfych okouri a juvenilni plotice vyhledavaly nejvice
Gzivnou gitokovou ¢ast nadrze. Rybi spdenstvo se mezi dwma sledovanymi roky
liSilo jen minimalre.

Author’s contribution:

Marie Prchalova is the first author of this pafgédre share of her work is approximately
90%.
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Paper Il — Abstract

In 1999 — 2007, spatial distribution of the fishmmounity in theRimov Reservoir,
Czech Republic, was sampled using multimesh gglnffects of depth, distance from
the dam to the tributary as well as habitat chaice fish community structure,
abundance, biomass and average weight were tesiteg redundancy analysis. Fish
were recorded in all sampled depths and parts ef réservoir. Effects of three
environmental variables were significant and masiability was explained by depth,
then by distance and habitat. Abundance and bioraasdl species decreased with
depth and responses of individual species werdagiini juvenile as well as adult fish.
Number of species, abundance and biomass of alliegpeexcept perch increased
heading towards the tributary and peaked closertatdhe tributary. Responses of
juvenile fish to distance differed from adult fishhe fish community were found to
have different structures in benthic and pelagibithés; species preferred to occupy
epipelagic (bleak, asp, rudd and juvenile blealachoand bream) or littoral waters
(perch, pikeperch, ruffe, roach, bream and juvepdecids). Larger fish of all species
except pikeperch and ruffe were caught in pelaglathts. This nine-year study showed
that fish distribution in the reservoir followedstinct patterns, which were shaped by a
combination of physiological constraints plus ad&&ff between food resources and
competition.

Clanek Il — Abstrakt

Rybi spoléenstvo Gdolni nadrz&imov bylo vzorkovano mnohékovymi tenaty
vrozmezi let 1999 az 2007. Pomoci redukdaranalyzy byl testovan vliv hloubky,
vzdalenosti od hraze a Wibhabitafi na sloZeni rybi obsadky, jeji g&inost, biomasu a
pramérnou vahu. Ryby byly zaznamenany ve vSech hloubleétdstech nadrze. Vliv
vSech i charakteristik progedi byl pfikazny a nejvice variability bylo vysileno
hloubkou, pak vzdalenosti od hrdze a habitatengetRost i biomasa v3ech diuh
klesaly spolu s hloubkou a odpal jednotlivych druli byly podobné u juvenilnich i
dosglych jedindi. Paet druhi, patetnost a biomasa vSech déulyjma okouna
vzrastaly ve smru od hraze kiitoku nadrze; maximalnich hodnot dosahly tyto
ukazatele blizko ifitoku. Odpo¥di juvenilnich ryb na charakteristiku vzdalenost od
hraze se liSily od odp&di ryb dosplych. Slozeni spolenstva ryb se liSilo mezi
bentickymi a pelagickymi habitaty — druhy jako aejkbbecnd, bolen dravy, perlin
ostrolrichy a juvenilni ouklej, plotice obecna a cejn Wetkeferovaly hladinové vrstvy
volné vody a druhy jako okouki¢ni, candat obecny, jezdik obecny, plotice, cejn a
juvenilni okounovité druhy obyvaly zejméndilgezni n€lké habitaty. \étSi jedinci
vSech drubi ryb byli uloveni v pelagickych habitatech. Tatoviliéeta studie ukazala, Zze
prostorové rozmishi ryb podléhd jasnymiedloham, které byly tvarovany kombinaci
fyziologickych omezeni a trade-off mezi zdroji @ty a konkurenci.

Author’s contribution:
Marie Prchalova is the first author of this pagére share of her work is approximately
90%.
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Paper Ill — Abstract

Three Dutch artificially mixed reservoirs — De @&#s(320 ha), Honderd en Dertig (219
ha) and Petrusplaat (105 ha) — were sampled in,228%) and 2002 during late August
an early September in order to describe fish haprferences. Eight benthic and three
pelagic habitats covering all depth layers anddmottypes were fished using multimesh
gillnets. Fish were found in all habitats — theHagt abundances were recorded in the
benthic habitat 6 — 7 m deep with the flat bottard & the benthic habitat with rugged
bottom with numerous deep holes in the depth oml®elagic habitats were occupied
by less fish and most of them were recorded inddygth layer 9.5 — 5 m above the
bottom. Multivariate analysis showed that most bé tvariability in community
structure could be explained significantly simpiydifiliation to individual habitat. We
also tested following characteristics of the hdbita volume, depth, bottom type and
slope, and found out that these variables had fgignt but lower effect on fish
community structure indicating that habitat was oty a set of abiotic characteristics.
From habitat characteristics, volume had the s&shgffect on community of both 0+
year old and adult fish. O+ year old fish were agmificantly influenced by the depth
— most 0+ year old fish occurred in depths dowd3an. Only 0+ year old pikeperch
Sander luciopercdL.) and ruffeGymnocephalus cernuygk.) had positive correlation
with the depth. 0+ smelDsmerus eperlanuf..) and 0+ breamAbramis brama (L.)
preferably inhabited the pelagic habitats, whefasoachRutilus rutilus (L.) and 0+
ide Leuciscus idugL.) were found in both pelagic and benthic habita abundances
above the average. O+ year old percids, p&eita fluviatilisL., pikeperch and ruffe
were found mainly in the benthic habitats. In casadult fish, only smelt and bleak
showed positive correlation with the volume — sme&ls found preferably in the pelagic
habitats and bleaklburnus alburnus (L.) had the highest abundances in both pelagic
and shallow benthic habitats. Adult pikeperch, bread ruffe had positive correlation
with the depth. Abundances of roach, perch andenltriéanBlicca bjoerkna(L.) were
highest in the benthic habitats down to depth ofni5This study showed that in
absence of thermal and oxygen stratification, €ighzed all depths and volumes of the
reservoir.

Clanek 11l — Abstrakt

Preference ryb pro v¥b habitati byly sledovany v letech 1998, 2000 a 2002 teah
holandskych, ugle michanych nadrzich — De Gijster (320 ha), Hoddem Dertig
(219 ha) a Petrusplaat (105 ha). Ryby byly loveagnpci sady mnoh@kovych tenat
v osmi bentickych aiech pelagickych habitatech. Ryby byly uloveny vescrs
habitatech — nejvySSi petnosti byly zaznamenény v bentickém habitatu shylm
dnem a hloubkou 6 — 7 m a v bentickém habitatwsg&sgnym dnem v hloubce 15 m.
Mérg ryb obyvalo pelagické habitaty s nejvySSigmosti v hloubce 9,5 — 5 m nade
dnem. Mnohonasobna statisticka analyza ukazalayep€tSi vliv na slozeni rybiho
spol&enstva nila jednodusSe fislusnost vzork k jednotlivym habitatm. Déle jsme
vSak testovali vliv nasledujicich charakteristikbhati — objem, hloubka, typ a sklon
dna. Ukazalo se, Ze tyto charakteristiky majikpzny, avsak nizsi vliv na sloZeni
rybiho spoléenstva nez iislusnost vzork k jednotlivym habitatm. To indikuje, ze
habitat neni pouze souhrn abiotickych charaktérigtitestovanych charakteristikén
na slozeni spotenstva jak juvenilnich tak dodgch ryb nejtSi vliv objem. Na
juvenilni ryby n€la dale velky vliv hloubka — nejvice juvenilnichbrge vyskytovalo
v hloubce do 15 m. Pouze u juvenilniho candata métezSander luciopercdl.) a
jezdika obecnéhaGymnocephalus cernuuél.) byla nalezena pozitivni korelace
s hloubkou. Juvenilni koruska evropsR&merus eperlanuf..) a cejn velkyAbramis
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brama (L.) davali grednost pelagickymipd bentickymi habitaty, zatimco juvenilni
plotice obecndutilus rutilus (L.) a jelec jeseheuciscus idugL.) byli nalezeni v obou
habitatech ve vyznamnych gech. Juvenilni okounovité druhy okouftni Perca
fluviatilis L., jezdik a candat byly zaznamenavany zejménantitkych habitatech.
Z dosglych ryb mely pozitivni korelaci s objemem habitatu pouze ejikbbecna
Alburnus alburnus (L.) a koruSka — nejvySSi petnosti korusky byly nalezeny
v pelagickych habitatech a nejvice oukleje byloeloy v pelagickych a #&kych
bentickych habitatech. Pozitivni korelace s hloubkgla popsana u dosgch candat,
cejni a jezdiki. Paietnosti plotice, okouna a cejnka maléBlicca bjoerkna(L.) byly
nejvyssi v bentickych habitatech do hloubky 15 ratoTstudie ukazala, Ze v nadrzich
s chylgjici teplotni a kyslikovou stratifikaci dokézi rybwyuzivat vSechny dostupné
hloubky i objemy nadrze.

Author’s contribution:
Marie Prchalova is the first author of this pafgédre share of her work is approximately
90%.
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Paper IV — Abstract

Overestimation of the number of percid fishes takgngillnets was studied in eight
reservoirs in the Netherlands and the Czech Repubiliring 1998 - 2006.
Overestimation was defined as a higher proportibnpercids (percids/(percids +
cyprinids)) in gillnets than in the reference conmityi (catches by seines on the same
beach and night as the gillnet catches). A tot&8l7opairs of catches were compared and
overestimation was found in more than 80% of caBles.overestimation ranged from a
few percent to more than 1 000%, being dependenh®mroportion of percids in the
fish community. Overestimation was highest in reses with the lowest proportions
of percids. Overestimation was proved for perch, ot for pikeperch and ruffe. A
correction factor was developed, for the proportbperch in the gillnet catches, using
an empirical cubic function. Analysis of the direaechanisms by which fish were
enmeshed in the gillnets showed that most fish wexdged, one quarter were gilled
and only 1.5% were tangled. Percid species weatively more frequently tangled and
gilled than cyprinids but not to an extent that cammpletely explain the total
overestimation. Furthermore, the overestimation m@tscaused by a higher probability
of perch being retained in the gillnet, as was enidrom an experiment with retaining
perch and roach in the gillnet. Overestimation@fch is most likely caused by a higher
probability of them encountering the gillnet, inngoarison with cyprinids, which is
related to their greater activity during dusk aagvd.

Clanek IV — Abstrakt

Nadhodnoceni okounovitych dniulmyb bylo hodnoceno na osmi nadrzich v Holandsku
a Ceské republice v rozfi let 1998 aZz 2006. Nadhodnoceni bylo stanoveko yy35i
podil okounovitych ryb (okounovité/(okounovité+kapité ryby)) v tenatech

v porovnani s referénim spolé€enstvem, které bylo ziskano z uldvkatahovou siti na
stejnych mistech aéhem stejné noci jako Ulovky tenaty. Celkem bylo gym&ano

97 pafi ulovka a nadhodnoceni okounovitych ryb bylo objeveno %8@xipad.
Nadhodnoceni kolisalo odtkolika procent do vice jak 1000% a bylo zavislépodilu
okounovitych v referetnim spoléenstvu. Nadhodnoceni bylo nejvysSi na nadrzich
s nejniz§im podilem okounovitych diule spoléenstvu. Z okounovitych druihbylo
nadhodnoceni prokdzano u okoufiéniho, avSak ne u candata obecného a jezdika
obecného. Za pouziti empirické kubické funkce jsrgreinuli korekeni faktor, ktery
upravuje podil okouna v Ulovcich tenat. Analyza hagdsmu, jakym jsou ryby
zachytavany v tenatech, ukazala, Z¢Swa ryb byla do &k tenat vkligna celym
télem, ctvrtina ryb byla zachycena za Zabra a pouze 1,9%®wo zachyceno za zuby a
jiné hlavové vykzky. Okounovité druhy ryb byly relati¢éntasgji uloveny zachycenim
za zuby a jiné hlavové vybky a za Zabra nez ryby kaprovité, avSak ne v takov
rozsahu, ktery by vystlil jejich nadhodnoceni. DalSi experiment odhalig
nadhodnoceni okouna nenitspbeno ani jeho vyssi prajgbdobnosti udrzeni v siti.
Uzaveli jsme, Ze nadhodnoceni okouna je pepedlobr zpisobeno zvySenou
pravdEpodobnosti potkani sitktera odpovida vyssi aktigibkouri béchem stmivani a
rozkresku v porovnani s kaprovitymi rybami.
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Paper V — Abstract

We studied gillnet selectivity using a direct mathad comparing fish size distributions
from gillnet catches (Nordic type, mesh size rabgel35 mm, factor between adjacent
mesh sizes 1.25) with reference distribution olediby fry and adult beach seining (net
length 10, 40 and 50 m, mesh size 1, 6 and 10 nespectively) in five Czech
reservoirs. Target species were roach, perch agd. fThe most common pattern of
differences in fish size distributions betweentie types of gear was that more 0+ and
1+ year old fishes were caught by beach seine aradsslightly higher proportion of
larger fishes was observed in gillnet catches.the given species, gillnets were not
able to enmesh fishes smaller than approximately@ in standard length. We
developed average species-specific correctionsinbegased proportions of 0+ and 1+
year old fish and deceased proportions of largdrels. However, the average correction
produced biased corrected size distribution in &ip.% of cases. We also applied
Kurkilahti’s correction given in an European Stamt&N 14 757, but it had a
negligible effect on reducing bias in size disttibn. Future research is needed to
develop more accurate corrections, because witborrections for size distribution,
interpreting results from gillnet sampling, espégithese including data on 0+ and 1+
year old fishes, is very misleading.

Clanek V — Abstrakt

Na piti ceskych nadrzich jsme studovali selektivitu tenampoi @gimé metody
porovnani velikostnich rozténi ryb z tenat (Nordicky typ, roZp velikosti atek 5 —
135 mm, faktor mezi fdehlymi o¢ky 1,25) s referetnimi velikostnimi rozdlenimi
ziskanymi z Ulovi zatahovych siti pro juvenilni a da#p ryby (délka siti 10, 40 a
50 m, velikost 6ek 1, 6 respektive 10 mm). Cilovymi druhy byly jidetobecna, okoun
ficni a perlin ostratichy. NegasgjSi rozdil mezi velikostnimi rozdenimi ryb ze dvou
typt lovnych prostedki byl nésledujici: vice juvenilnich ryb (§t®+ a 1+ roku) bylo
uloveno zatahovymi <itni, zatimco vice &Sich ryb uvazlo vtenatech. U vSech
cilovych drulii nebyla tenata schopna ulovit jedince mensi n&filijné 40 mm
standardni délky. Pro jednotlivé cilové druhy jsmywinuli korekci, ktera v ulovcich
tenat zvySuje podil juvenilnich ryb a snizuje postérSich ryb. AvSak naSe korekce
zkresluje podily d&chto skupin v ca 20% ffpadi. Dale jsme pouzili Kurkilahtiho
korekci uvedenou v Evropské natnpro loveni mnohotkovymi tenaty, ale tato
korekce ndla pouze zanedbatelny vliipodstraiovani velikostni selektivity tenat. Je
ziejmé, Ze dalSi vyzkum na téma velikostni selektiténat je nezbytny. Bez korekci
velikostnich rozdleni je totiZ interpretace vysletoveni tenaty velmi zavéci, a to
zejména pokud vysledky zahrnuji také juvenilni ryby
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