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Abstract
The alien fish species brown bullhe@dr(eiurusnebulosughas had a direct impact on % ecies through competition
he diversity,

for food and predation in European water bodies. The attrestudy was to determi frequency of occurrence
and abundance of types of food in the stomachs of 278 individualsebul se lakes in CentrBlastern Europe

ulosu
with different trophic status.
Altogether, D types of foodincluding taxa)in the diet ofA. nebulos e d and the most frequently eaten were detritus,
Chironomidae, plants and selected taxa of macrofdaora to%a es with high&ophic statushe higher share
isAjin tl
e

of detritus and the lower number type of foodwere note t were present only in brown bullhead from two
t

stern Europe is an opportunist and the composition of its

xibility, this alien species can easiliisidapt preferences to
potential food resources in océeg water ba

Keywords invasive fish diet ¢ S equency of foodwater parameters, reservoirs

Introduction
The problem %th occurrence of invasive species of fish in water bodiepeatmentin many
European %. usesandroutesof the spreaaf norrindigenous species, including invasioees to

r are well k n W9)nHoWwews thezel isstill little ibf@riaBon onHreil rantyek
cu angbarticularly on their impact onaquaticecosystems andn the communities of organisms

newg a

i e aquatic ecosyststheyhave dominatednvasive species camquestionably affedpecific species
andfor entire ecosystems, but their impact has economic impoganeell(Coppet al, 2005). In recent years,
the effects of alien and invasive species on coloniseesygstems and individual speciésve been widely
investigatedTheseeffectsinclude predation, competition for food and habitat, hybridisation, habitat degradation
and aleration and the transmission of pathogens and parasjtexkwood, Hoopes, & Marchetti2007;
Grabowska, Kotusz, & Witkowsk2010;Rabitschet al, 2013. However, the most damaging and undesirable

effect seems to bbeir directimpad on native species through predation and competition for food and habitat.
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The brown bullheaddmeiurus nebulosuéesueur 1819)comes from North Amerigavhere it occurs naturally

in the Mississippi and MissouRiver catchment areas. The brown bullheeak introduced to several European

countries (e.g. Spain, Germany, England, FratieeNetherlandsBelgium and Austrialn the second half of the

19th century(Welcomme, 1988E| vi r a & Al nGogbetwala2005. Quledtly,;according to many

sources listed bRutkayos8 Bi s k u p , Har ant , (2033),A ;mébtl@syhasabaedepdttedgn 33

European countriesnformation about its occurrencessll limited, although several authamsport thain some

placesit can create stable populations and continue to be a significant part of the fisli felund |,2 lKeith 1 99 1 ;

& Allardi, 1998;RechuliczPas ka, -KakkowkkaMi ec208Bn, & Pnifc ga

Due to its range of occurrence, and sometinegér y | ar ge propo r.t i he fis

impact through predation and competition for food seems toringal However to better@nde t, the

specific types of food eaten by this invasive species mudehéfied In the ara ofits nat (&n veral

studies have been conducted ondfed of the brown bullheadproviding abasicchag@cterisatioof the types of

food andalso investigatinghe impact of various factors on the composition OC( engill, 1973; Klarberg
t

& Benson, 1975Gunn, Qadri, & Mortimer 1977; Kline & Wood, 1996GpIn wherd. nebulosudas
successfully invaded (New Zealand), Barnes and Hicks (2003xtésofted t
diet of this sped@s. In addition, the ability oA. nebulosudo prey; ve sh wasstudiedby Bigun and
Afanasyev (2011).

The brown bullheads known to havea welldevelo

inbe composition of the

| and poor eyegflbtast, 1985p The
composition ofits food may be dependent on the a ili rey in the environmenbratite size of fish

the young can feed on zooplanktdater they

fish and amphibians (Keast, 1985a). As reported by

hand,someauthors suggest tha rowA*bullhead is able to meet its nutritional requiremendetwitls,
sewage and acitblerant invertebr engill, 1973).

There is a lack of inform the diet of the brown bullhead in invaded areas in, Bitftapeyh therare
reportsabout the food © ericA. melas in the IberiarPeninsula (Leunda al., 2008) and the UKRuiz
Navarro, Britton, Javies, & Sheah15).As this species is a regulanomponenbf the fish fauna of

some regio urope Kor ni j w, R e ¢ h u,12008; Rechul&zt H.a2015)i itéaswi c z
interesti elitthas avariablediet ora clear preference faertaintypes of foodAnotherinteresting question

is whetRer theshoice offood depends on the habitats in whtblk brown bullhead lives. This study is one of the

0 describe the diet and food prefergottéhe brown bullhead in the lakeScentraleasterrEurope.
ims of the present study ar@a)determine the diversity dhe food of the brown bullhead in lakes with
diffevent trophic status; iijo identify what kind of food is most often eaten by this invasive species in réyative

new areas of occurrenandiii) to determine whakind of food dominates the diet of the brown bullhead.

Materials and Methods

Specimens oA. nebulosusver e col |l ected fr om sWgvoedna waa kleesthehstmrnadt e(d i r
Poland) inthesummer months (Jurgeptemberdf 2011-2015 (Table 1). The material was taken from the littoral

zone of all the lakes, at depths from 1.0 to 1.5 metres, tmimgeparate sets of muftiesh gillnets (1.5 m deep,
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30 m long, 12mesh sizefrom 5 mm to 55 mm kneto-knot) (Appelberg, 2000; CEN document, 205 each

lake controlled sampling was conducted witlsirtwo-year period always in May, August and Octobérakes

Skomi el no, Pi a s warezsanpledn 20d1203 2 takesDkoinea s z n e Czarne, and
2013 and_ake Glinki in 20142015. For each fish sampling, nets were exposed for 12 hours, from 6 PM to 6 AM.

The assessment of water quality in all of the lakes studied was based on the physical and chemical parameters of
the water, such as total phosphorus (TP), chloroh§@hl a) and water transparency (Secchi diseD). The
limnological analyses were cardeout according to theelevantmethodology, and laboratory analyses were
performed. The measurements of the variables listed above were carried out three times each erin all years
of observatiofHe r manowi ¢ z, Do Ua Es k a 1976)'bojdétdrmirmhe‘rc&3 i
lakes, based on the main water quality paramégiEps Chla and SD), the average Carl
calculated by the formula TSI SI(SD) + TSI(CHL) + TSI(TP)/3where: TSI(SD) 6(;\4
TSI(CHL) =9.81 In(CHL) + 30.6, TSI(TP) = 14.42 In(TP) + 4.15 (Carlson, 1977@ .
n

All A. nebulosuspecimens caught were weighed (W) on a laboratory scale®to

length (TL) was measurgto the nearest 0.1 mmifter weighing ad measuriag;, fish were killed with an
overdose of bhenoxyethanolThen the fish were dissected andirthﬂ@ immediately preserved in
n e

eo ws K i

rest 0.1 g) and their total

4% formaldehydeAltogether from all lakes, 299 specimens of th ad were caligalysis of their
stomach contentgvealed that 21 fish had empty stomachs. The individuals were used determine
their diet(Table 2).

In the laboratory, each individual stomach was weig

d dissected and the contents wereTieamoved.
the weight of the empty stomach (WES) an of the contents (WP) were measured.

During the analysis of the stomach coftenté af e prey was sorted angthen possibledentified at

the lowest taxonomic leveking a Niko 00 stere®@microscope at maximum magnification of 1@@yslop,
1980 Kogodziejczyk e In sakhisampl@, th® MomasKandyax the nunzbér 0f@l) types
of food and the identified taxa @ 2 ed. The unidentified contemisisting of organic remainsere
classifiedas detritus. All th 1 rements full and empty stomachs and all types of fosdre made

the empty di i C dria & Abdurahiman, 2004J he calculated values tieindex of digestive tract
fullnes
= 0%

usvere used to dividthe fish into six groups (05) of different degrees of fullneg: %SF
ract empty);i10 % < %SF -Q5265 %; %SF -30 % 0% ; %IF -B%Z5 %; 4
0%5% > 108%. Foeach lake, the percexgeshare of individual groups of fish with varying

esti

s of digestive tracfullness wasletermined.

TheWrequency of occurrence (%pBf individual groups of food and taxa in the stomaché.ofiebulosugrom

each lake were calatled using the formulF = N/NL100% where: N - number of fishin whichtaxon/type of

f ooad #@as pTteta mumber, of edamined fish. Moreover, the abundance of biomass of a specific food
(%P) found in the stomachsasdetermined by théormula %P = n/nl100% where: R i biomass of specific

food belongingtot a x on/ t y me, idotal bfomasdof stomach contenffurthermore, the biomass of a
specific food (%P found in the stomachsasdetermined byheformula %RP=n/ n L 1, @@’ Ri biomass

of preyspecific food belonging to taxon/type of foddd, ni total biomass of stomach contsifZacharia &
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Abdurahiman, 2004)The ShannoiWiener (H') diversity index was calculatéor the macrofaunandividuals

found in thestomachs oA. nebulosus

To determine the feeding strategyfofnebulosus Cost el | 06 s ( Wwa8Uskedithgnoddigationsc met ho
suggested byAmundsen, Gabler, and Stald\ik996). This method is based on a dimensional scale, where

each point represents occurrence {aRd preyspecific abundance (%9Rf components in the diet of fish.

The distribution of normalityolmogorowSmirnov testand homogeneity of varian¢elL e v e n evérestestede s t )

for all dataobtained Thismade it possible to choos@propriate statistical tests (parametric or-p etric).

The nonparametric KruskaWallis ANOVA test H was usetb detect any variability inthe trophic st ahe

lakes, based on physical and chemical variables such as Secchi disc (SD), total ph(gpho a hlorophyll
a (Chla). To compare the average weight of food, the number of types aftfodumber of faac brates
individualsf ound, and t he dieach lalenotparametric ANOVA((HesRalNEll s H)

was usedhs well

Spearman correlation analysis was perforrtedetermine the relationship bgtive hejabundance of different
types of food in the stomaclortents and the parameters characterising tatasiofake

All the analyses and statistical tests were carried out using the Stat§oft Staii package v. 10 for Windows at a

significance leveloPO 0. 05 .

To verify the similarity of food abundance in different populationé.afieb@losusa cluster analysigwith Bray-
Curtis as similarity indexvas conducted using Bi@di it wakécAleece, Gage, Lambshead, &

Paterson1997).

Results
The lakes invhich theA. nebulosupop s were Sampled for stomach content anatgglsvaryingtrophic

status (Table 1 water from GIlinki, Domiors zne, C.

chlorophylla (Chl a) and total ph@s an theother lakes. The lowest values of these key physical and

chemicalvariableswere rec di Piaseczno (KrusWadllis, test H) for TP (6, N = 205) = 150.7% <

0.0001; for Chia (6, N = = & < 0.0001). Theaveragecalculatedfor the Carlson index (TSI) ranged
from 43.60 for Lake Pi to 79.22 for Lake Gliakid clearlydistinguishedhese lakes (Table 1).

The total length( he Bgown bullhead individuals ranged from 100 mm to 230 mm. The brown bullheads
with the hghiest a (172.7N 18.4 mm)were found in Lake Domaszn€he analysis of digestive tract

tha&. nebulosusndividualswith empty stomachs were observed only in Lake Skomielno and

nboki e, wher e mor e t han 20% of i ndibhakesl ual s h

I, 20 types of food were found fine analysed digestive tract®f these, 19 types of food were found in

individuals from most lakes, whiletwotakas peci fi ed as A Ot her &andotherDiptere)e r e mai
were recorded onl y andBilLadkedigheSthjaibbre dbadeypes Wereaecanded in the

diet of fish from Lake Piaseczno (14) and feestin fish from Lake Bi§ e ( 10) . L alikeeed Bi age
significantly fromtheot her s i n the number ofWdlig w®stH foynpneer ofdondd i n  HI
types (6, N=278)=277P= 0. 0001 and f orl5HR£0.00H). IntNe digestv@ tBajtbthe 2 2

fish fromthe other lakes, the number of food types ranged from 11 to 13 (Table 3). The types of food present in
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the stomachs of abrown bullheadbopulations were detritus, parts of plants, sand, Chironomidae e)aamd

Coleoptera gdult9. The presence oT ubificidaein the food was noted only in the stomachs of fish from Lake

PiasecznoMaize used by anglers as fishing baias foundin the dietonly in Lake DomasznéTable 3). The

analysis shows that detritus was the most freqtead type of the brown bullhead in almost every lake. Its

presence varied from 34% (Lake GQgOhitpmohidae veretfaundin@he % ( L a k

diet of alarge portion of individuals (from 46% to 84%pm all populations (Table 3).

The geatest biomasef food was recorded in the stomachs of brown bullheads from Lakes mielno and

G § n b,avithifigh making up the largest shargnalysis ofthe taxonomic features of fish (numbe in rays,

shape of finsetc.) showedhatthe fish prey were small individuals (TL max. 70 mm) QSp %
Ja total length

h oach,
bleak, rudd and ruffe. In addition, fish prey was present only in the stomachs of specime
above 135 mmPlant food (parts of plastind filamentous alga@nd detritus also haglgnificant in the

stomachs of fish from all lakes (Table 4). Overall, the median biomass of foo machs of brown
bullheads from all the lakesassimilar, with statistically significant differenc (%Neen the biomass
of the stomach contents in fish from Lakes Skomielno and Piaseczno ( g% H (6, N =278) = 13.99;
P =0.03).

Analysis of the percentage shareb@@mass okpecific prey (%P i

0 rown bullheads showed that in
tthigfoodacadunted fab5%waad 78.8%d o mi n a t

achs of fish from other lakes (excluding Lake

Lakes Skomielno and Ggrhnbokje

respectivelypof all biomass of food (Fig. 1). Moreo

Glinki) the scales of large fish were fourithis demo own bullheadeeadily eatcarrion Detritus
B. e. Bi age, Czarne, Do mas

accounted for 51% to 83.566 thebiomasgs of thi& i se lakes. In addition, liakesSkomielno, Piaseczno

and Glinki, plants made up significant ski@ke of the Biomasstbé diet of A. nebulosusln the first two lakes,

however, plant parts were fourd this of food, whilén Lake Glinki mainlyfilamentousalgae of
phytdbenthicorigin werenoted(Fi
There were differences the ra er of individuals of macrofauna prey in the food of the brown bullheads

from each lakeThe grea Vi numbef macrofauna prewere notedn the stomachs of brown bullheads

from Lake Glinki (29.1% @ and Lake Piaseczno (26/868.41) while the fewestmacrofaunandividuals

weree at en s h fr dN@43)anklake Skpmidino KLO.GB12.265 (Fi§. 2). The analysis

of the medi h d differences in the number of mac,r of auna
wheret er Bf macréauna preywas significantly lower than in Lakes Glinki and Domaszne (Kruskal

tH = 278) = 24.484p = 0.0004) (Fig. 2)Significant differences inhe diversity index (H') of

eroundonly in the case of fish frohakesDo mas zne and -VWallisagsteH (6, K= u s k a |

The@nal ysis of the brown bull headsd feeding 9gtwithat egy (
the shareof specific food in the total biomass (9P showed that the brown bullheads in all lak#smainly
Chironomidae, but the biomass ofsttiood category was relatively small (Fig. 3). The feeding strategy of the

brown bullheads from fivef thelakes concentrated on detritweghile fish werethe mostpreferredfood only in
LakesSkomi el no and Ggnboki etemoktlgplahtalk Lake$GlimkisarddDpmaszriiish e f i s h
category of food waalsochosen more frequently than other types of fdad.ake Piaseczno most of the brown

bullheadindividuals used many types of food resources (Fig. 3b).
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The cluster analysis of the diettd showedigh similarity of the stomach contents d&. nebulosusn Lakes

Domaszne,CzarrendBi age ( Fi g. 4) . T h éntha bicenhsg of thesfood df brawh leullheadsmi | ar i

from the surveyed | akes i ndGzarre haa derytsimitat food (similarityfmore m
than 70%) (Fig. 4)The brown bullheads from Lakes Glinki and Domasaisehad similar stomach conterits

Lake

the fishfromL a k e s B i a §.8he foaddf the brawnbuwlheadsfrdm k e s Sk omi elienrnas and Gg§

different fromthatof the fish from the other five lakgsut very similar to each other (>70%) (Fig. 4).

Spearman correlatioanalysis revealed the highesirrelations betweetotal phosphorus (TP) and, biomasfs

food type. The large share of detritus in the biomass of the stomach contents of the bro ullheads was

significantly correlated with the content of total phosphorus in the lake.853,P < 0.05. More

W

parametewasnegatively correlatedith the share of biomass of zooplankton and biomassief | diet of

nebulosugTable 5). \

Discussion

This isone of the first studies on the composition of the diet of the alie ulosuswhichis very

commonin water bodies in &rope. Thaesultsdemonstrate the diversityji jet'of populations of this species

range of contents in their digestive traétsod types o fish eggsmacrofaunandsmall fish

herd. nebulosusas beerfound in recent
to eakry diverse food (Barnes & Hicks, 2003).
, caddis fly larvae, plant material and gdefnitusas

were foundin the stomachs of these figkeast, 198

different trophic staiéany authorsn Europe(Wheek r , 1978;
1991; Gabowskeet al., 2

speciescompet

ave previouy reportedthat the brown bullheacs a norindigenous, invasive

for food with native fish spediemay alsoaffect the ecosystems at different
levels of theftrophi id, as an herbivore amdpredator. A possible influence was confirmed by the analysis
of fooddmPthejlakes) particullgrin LakesSk o mi el n o, Gl i nki ,,wkiEpasofplants ardn d

ish constituted the largest porti@iig. 1). This is very important when this speciaakes u significant portion

na in reservoirs and lakes in relatively newly inhabited aabasit(LOO yeas) ( HAOL 2 Kk,
n ketjal;, 2003; Rechulicet al.,2015).

In native areas, invertebrate macrofabaa been shown to lieebasic food foA. nebulosug¢Scott & Crossman,
1973; Keast, 1985bjccordingKline and Wood (1996)respectiveof thebody sizeof A. nebulosusChironomid

larvaeandpupae and also the amphipdglalella sp. were dominant components of its diet.

on both the diet composition of the brown bullhead in newly invaded

Hol |

Pi as

The present observations have shown that the trophic variability of lakes may in some way modify the feeding

strategy of brown bullhead§hus plants or fish were iportant food itemdn some lakes (i.e. Skomielno,

Pi aseczno aganndd Glgeftbroiktiues) i n ot hers Figlad3).Domaszne,

Cz al
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Moreover, researcbonductedby Leundaet al (2008) on the Iberian Peninsula and by Rhavarroet al (2015)

in the UK showedhat A. melasate similar food. In addition, the digestive tracts of brown bullhéase been
shown to beadapted for efficient digestion of flora tissues (i.e. filamentous algae) (&uain1977). Allof this
demonstrates thatespiteits diverse geographic locatisnthe brown bullhead hassimilar, wide range of food
types.

In our observations, there wasticeablevariation infood typedepending on the trophic levels thfe lakes
expressed by CH, Secchidisc and total phosphor3P) values TP was the indicator that seemed to most

influence the occurrence of individual taxa and types of food in the stomaghsebulosugTable 57 lakes

where theTPv al ue i ncreased, t he abundancthehi@bst @ 1 us i n
this dieary componentvas present in most of the brown bullhetoimachs examined, irrespective |atlee
contributionvaried (Table 3). Similarly, significant share of detritus in the dietAfneb usindjinthagof the

congenerA. melasin thar native areavasreported by Klarberg and Benson (1 Barrera, and

Rosaleqg2006) respectively Thessignificant contribution of this type of food ipsthe abablya result
of its passive intake during penetration of the bottom of the reservoirs a od of actively searching
t

for potential preyby the brown bullheadvas confirmedn an experim on byBigun and Afanasyev

(2011) This was particularly evident in eutrophic lakes, Wiitle

Vi 0 large areas of exposed deposits
in the littoralzone(i.e.LakesGl i nki , Domaszne Q@Quapther foedsoarcevdhs Mants yhich Fi g .
werefavouredby fish in Lakes Piaseczno, Glinki an n%m idae were very frequently found in the

eless, the vast majority of individbabwn
any authors, this is the basic food of fish from the

Ictaluridaefamily in their nativeareas ofgoccurren & Crossman, 1¥i&berg & Benson1975;Hill et

composition in lakes located in ' of occurrence. This diversity was also observed in the noimber

taxa and types of fooés w i e number of macrofauna prey found

to the grea iV e lakes anddmging methodslt may alsoberelated to the increasing amount
and sh ofigetritls in their dieisexplained aboveln Lake Skomielnowith a slightly lower Carlsorindex,

oret andiood categoriesvere recordedh the diet ofA. Nebulosusliet (Fig. 3b). At the same time, in this

bullheads specialised in eating fighichwere dominant in their diet. This was also evident in the
er numbers ahacrofauna in the diet die fish inthis lake(Fig. 2).

In geheral, the statistical analysis (cluster analysis) showed that the Aiateffulosusvas similarin lakes with
similar trophic conditions. Therefore, the lakes were clearly divided intadtgtinct types, in terms of trophic
group (Fig. 4).

The brown bullhead can have a very direct impact on native fish in colonised areas where it is iBuakize.
direct impact wagonfirmed inan experiment conducted by Bigun and Afanasyev (20#vhp reportedthat A.
nebulosugprefersthe spawn of pikéhanperch.Declerck, Louette, De Bie, and De Meed{2002),in a study

conducted in interconnected ponétsynd that fishwasone of the basifood typesfor A. nebulosusThe prey
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mainly consisted ofish species occurring in pondslarge numbes,i.e. topmouth gudgeon, rudd and roaGh.

the Iberian Peninsula, the presence of fish in the diet was alsaledcim the stomachs a@bngenerA. melas

(Leunda et al., 2008).

Similarly, an impact of the brown bullhead on fish was found in our research. This type of food was present in the
stomach contents of fish from two | akelB%dfiSdwiduals el no
(Table 3). In addition, this typef food accounted fomore than 60%f thebiomass of the food k. nebulosus

from these lakedn addition, the remains of fish were found in the form of scales in the stomachg of.the fish from

almost all lakes (excepake Glinki) (Table 3, Fig. 1)These scales came from the remains of larg

brown bullheads would not be attecaptureThis is confirmed by the presence of soft tisgje p.
of bones in the digestive traciBhis shows thathe brown bullheadseadily eatflesh of dea&
t 0

sourcemaybe carrion. It is possible that timesit may bethe most easily available food4a thex
confirms the opportunism &. nebulosu#n its choice of food type.

Thedata analysis showed that fish@gywere only recorded iA. nebulosus id aTL above 135
mm. This is confirmed by previous studieporting thaindividualsbigger %150 mnpreyed orfish

(Declercket al, 2002; Leundeet al, 2008) Possibly, due to other % tions, nutrients giradvth

conditions, brown bullheads in Europan prey upotiish earlier elated speciesn a studyby

Coppet al.(2016), some features of tepecies may changehen itfavadeSaew territories.

In conclusionA. nebulosusas an alien fish species agap foPhighly variable and flexible feeding, should

be regarded as opportunistic, as evidenced by the iet composition found for the fish lxkes the

studied. Our findings demonstrate that this ily use the potential resources available in the water
bodies it inhabits as its main food sow@kce and other groups of organisms, especially in reservoirs and

lakes where it becomedbundant.
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Table 1. Morphometric, trophic, and fishery characterisatiarg
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we | |

as S 0 me

& - modified); zdastandard deGiatiort; & © P- values of selected variables in row marked thegame

physical

and

@

mi c al

variabl es
diffdPedtad . 0 5

Skomielno Piaseczno Glinki Gt eboki e Domaszne zarne Bi at e
Years of study 2011- 2012 2013-2014 2013-2014 2011- 2012 2034 2015 2014- 2015 2014- 2015
GPoordinates N 51°29 N 51°23 N 51°30 N 51°28 <E 5 28 N 51°9©30° N 51°3:

E 23°0" E 23°1"° E 23°33 E 22°5 3°0” E 23°1" E 23° 2"

Maximum depth (m)* 55 38.8 8.8 7.1 3.1 15.6 2.7
Average depthim)* 2.0 12.6 2.8 2.4 5.1 1.3
Surface area (ha)* 75.3 84.7 40.9 81.7 39.0 136.9
Water mixing type* polymictic dimictic polymictic polymictic polymictic polymictic
Fishery lake type * tench-pike breamvendace tenchpike tenchpike tenchpike
Secchi disc (m) 1.4 A+ ( 4.6 A+ 0.9 Bx 0.5 % 0 0. 4 Px
TP (g dm 104.0°¢+ 28. 3 A+ 319. 3P+ 263.7 P+ 240. 3P+
Chla( pg3dm 6.5 A+ 5.3 At 22. 48+ 13. 8”78 60. 6C+
TSI 57.5 43.6 69.9 69.6 75.6

(?/Q

( mea
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Total length (TL, in mm)

Body mass (W, in g)

Lake N

Mean N Min - Max Mean N
Skomielno 52 145. 2 N 100.0-180.0 36. 3 N
Piaseczno 34 155.9 N 140.0-181.0 47.6 K
Glinki 32 168. 0 N 134.0-210.0 77.3 N 0.0
Ggnboki 78 152.5 N 100.0-230.0 48.1 40.3
Domaszne 31 172.7 N 120.0-214.0 60. 2 67.7
Czarne 36 166.107 N 148.0-183.0 51 50.0
Bi age 36 160. 6 N 137.0-180.0 0.0 66.7

N

9.1

22.6

25.0

8.3

4 5
7.7 19.2
16.0 8.0
126 0.0 0.0
51 13 23.4
6.5 0.0 3.2
16.7 8.3 0.0
16.7 0.0 8.3




Table 3. Number oftypes of foocandoccurrences (%)-of prey andothersin thestomachcontents of brown bullhead frothes t u
for macrofauna; 1 significant differences@® O 0. 05
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e d i $hankah\Wienerkhdex

Lake

Type of food Skomielno Piaseczno Glinki Ggnboki Czarne Bi age
Detritus 52.08 64.00 75.00 34.43 100.00 91.67
Plants 29.17 56.00 43.75 21.31 16.67 8.33
Sand 2.08 48.00 18.75 50.00 8.33
Zooplankton 6.25 56.00 12.50 0.00 0.00
Chironomidae 60.42 68.00 75.00 75.00 66.67
Trichoptera 43.75 16.00 0.00 8.33 0.00
Mollusca 22.92 0.00 0.00 41.67 8.33
Odonata 0.00 0.00 0.00 0.00
other Diptera 10.42 0.00 50.00 0.00
Ephemeroptera 25.00 8.00 33.33 8.33
Coleoptera 10.42 12.00 41.67 16.67
Assellus aquaticus 14.58 8.00 0.00 8.33
Corixidae 6.25 4.00 0.00 0.00
Ostracoda 0.00 0.00 0.00
Tubifex 0.00 0.00 0.00
Hydracarina 0.00 4. 0.00 0.00
Corn 0.00 0.00 0.00
Fish 33.33 0.00 0.00 0.00
Scales 0. 4.00 16.67 33.33
Other . 0.00 8.33 16.67
No. of types of food 13 14 11* ilog
H6 for macrofau 0.10 0.18 0.05*
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Table 4. Biomass of food types (in m@f the brown bullhead from studied lakes; life stagei llarve, imi imago;sdi standard deViatigrt i significant differences @& O

®

0.05

kne

Lake Skomielno Piaseczno Glinki Ggnboki Czarne Bi age
Type of food mean N mean KN mean N mean KN an N mean K mean K
Detritus 35.07 N 87.17 N 120.750N 19.9 4.92 N 223.65 N 189.35
Plants 59.08 N 200.45 N 86.94 K .21 K 1.64 N 10.63 N
sand 0.01 KN 28.39 K 5.91 K 52.69 KN 12.88 N -
Zooplankton 0.04 N 73.86 N 0.35 N - - B}
Chironomidagvr) 2.55 N 13.91 N 20.54N 3 2. 8 N 27.63 N 2.43 N 18. 29 N
Trichoptera(lvr) 1.80 N 0.27 N 00 N 4.54 N 4.58 N -
Mollusca 4. 22 N - - 0.02 N 1.38 N 0.65 N
Odonata(lvr) - - 2.29 N 0.04 K - -
Other Dipterglvr) 0.04 N - 0.35 N 1.44 N 9.74 N -
Ephemeropterévr) 0.47 K N 0.04 N - 0.23 KN 0.01 N
Coleoptergim) 0.44 N N 6. 137.94 0.14 N 8.49 N 0.99 N
Assellus aquaticus 1.42 N \ 0.55 N - - 0.37 N
Corixidae(im) 0.01 KN - - 28.07 N - -
Ostracoda - 0.30 K - - - .
Tubifex - - - - - -
Hydracarina - N 0.01 K - 0.01 K - -
Corn (baits) - - - 20.29 N - -
Fish 194. 2 - 572.45 N - - -
Scales - Q N - - 0.03 N .21 N 14.35 N
Other - - 60.10 N - .48 N 1.53 K
Medians 33930* 17729 88.30 146.80 18235 21849
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Table 5 Spearman correlations betweée foodbiomass ofA. nebulosusndvariables characterising the trophic
status of thestudied lakes (SD Secchi disc, TR total phosphorus, Chi - chlorophyll a); * - statistically
significant differenc@atPO 0. 05

SD TP Chla

Detritus -0.206* 0.353* 0.033
Plant 0.202* -0.128 -0.137*
®
Zooplankton 0.256* -0.340* -0.158*
Sand 0.019 -0.0% - &\
Macroinvertebrates -0.068 0.167* 35
Fish 0.079 -0.225* >)38
Scales -0.176* 0. 0.073

Other -0.108 % 0.139*

100%

0O Others

W Scales

80%

o Fish
@ Corn (baits)
H Tubifex

m Corixidae

40% -
Chironomidae

& Zooplankton

20% -
=Sand

Plants

@ Detritus

Skomielno Piaseczno Glinki Glebokie Domaszne  Czarne Biate

Figure 1. Abundance of biomass (%P) of types of food in the contents of brown bullhead ditrestsfom the

studied lakes; taxa with share in biomass %P < 5% marked as Others
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Figure 2. Numbers of individuals of macrofaumaey identified in the browil bu Mgestive tracts in the

studied lakes; differences in medians with the same letterohstatistically ifica O 0.05
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Figure 3. Feedin S (percentage occurrence of prey) @l preyspecific abundance (%) for
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Figure 4. Dendrogranresulting from the cluster analysis of prey abundance in brown bullhead stomachs from
different lakes (BrayCurtis index used)



