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Summary 
 

 
To gain knowledge of the mechanisms underlying fish interactions in lakes of 

different environmental states, the behaviour of the top predator, pike, and the prey fish 
community was studied in a clearwater and a turbid lake. Turbidity reduces visibility, 
and it was hypothesized that pike would increase activity and open water habitats in the 
turbid lake, in order to maintain sufficiently high encounter rates with prey fish. The 
hypothesis regarding prey fish was that they would decrease antipredator behaviour in 
turbid water. 

Diel activity and habitat choice of adult pike (55-85 cm) was investigated by use 
of radio telemetry. Condition factor was the same for pike in the two lakes. Contrary to 
the hypothesis, no between-lake difference was found in either activity level or habitat 
choice of pike. However, individual variation in behaviour was very pronounced within 
both populations, and both the most active and inactive specimens were found in the 
turbid lake. Body length influenced both activity and habitat choice, with larger 
individuals covering longest distances and spending most time in open water. Neither 
activity nor habitat choice showed significant diel variation, but lowest mean activities 
were found at noon.  

Multimesh gillnets and PASE electrofishing were used to study diel distribution 
and activity of prey fish in the two lakes. Five-hour gillnetting was conducted in both 
littoral and pelagic habitats in day- and nighttime, respectively. PASE electrofishing 
was carried out in the reed zones of the two lakes, simultaneously with gillnetting. In 
the clearwater lake, prey fish displayed schooling, showed little activity and resided in 
or neer littoral vegetation during the day. At night roach, but not perch, moved from 
littoral to open water habitats. In the turbid lake, activity was higher than in the 
clearwater lake, density was higher in open water throughout the diel cycle, and 
schooling was not observed. Hence, prey fish in the clear watered lake displayed typical 
antipredator behaviour, whereas those in the turbid lake did not.  

Combined, the results of the two studies suggest that pike are able to hunt as well 
in turbid as in clear lakes. However, only prey fish in clear water respond to predators 
by changing their behaviour. Thus, in clear water predators, such as pike, affect prey 
fish populations both directly through predation and indirectly by inducing behavioural 
changes. In turbid lakes, on the other hand, piscivores only affect prey fish through 
predation.  
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Synopsis 
 

Danske søers miljøtilstand 
Hovedparten af de danske søer er i dag næringsrige, eller det der kaldes 

eutrofierede (Jeppesen et al., 1999). Sådanne søer er typisk karakteriseret ved, at vandet 
deri er uklart, eller turbidt, hvilket skyldes tilstedeværelse af store mængder 
planteplankton. En høj biomasse af planteplankton muliggøres netop af et højt indhold 
af næringsstoffer, hvoraf fosfor er det, der oftest er bestemmende for vækstraten af 
planteplankton (Wetzel, 2001). En konsekvens deraf er, at sollyset ikke trænger ret 
langt ned i vandsøjlen, hvilket forårsager, at undervandsplanter sjældent er udbredte på 
søbunden (Jeppesen et al., 1990; Scheffer et al., 1991). Dyreplanktonet (zooplanktonet) 
i eutrofe søer er som regel domineret af små arter, der er forholdsvis modstandsdygtige 
overfor prædation, men som samtidig yder et mindre græsningstryk på 
planteplanktonet, end større typer af zooplankton er i stand til (Carpenter et al., 1985). 
Fiskemængden er normalt høj, og fiskesamfundet udgøres primært af plankti- og 
benthivore arter, mens rovfiskenes andel følgelig er lav (Persson et al., 1991; Jeppesen 
et al., 2000). 
 Sådan har situationen imidlertid ikke altid været. Oprindeligt var størstedelen af 
landets søer mere næringsfattige og klarvandede (Jeppesen, 1998), men den 
kontinuerligt øgede tilledning af næringsstoffer fra landbrug, industri og menneskelig 
bebyggelse op gennem det 20. århundrede har bragt søerne i den miljømæssige tilstand, 
de er i nu (Jeppesen et al., 1999). I takt med den øgede opmærksomhed på dette 
problem, er der foretaget diverse foranstaltninger for at reducere tilførslen af 
næringsstoffer til akvatiske miljøer, og det er lykkedes i en sådan grad, at langt de fleste 
søer i dag modtager betydeligt mindre mængder næringsstoffer end tidligere (Jeppesen 
et al., 1999). Dette er dog ikke ensbetydende med, at søerne i løbet af kort tid skifter 
tilbage til den oprindelige, klarvandede tilstand. Igennem den periode, hvor der var en 
høj tilførsel af næringsstoffer til søerne, er der nemlig blevet ophobet store mængder 
forsfor i søbunden. Dette fosfor vil, efter en reducering af den eksterne tilledning, 
gradvist blive frigivet til det ovenliggende søvand, indtil der er opnået ligevægt mellem 
fosformængden i tilløbs-vandet og søbunden. Dermed kan der være høje 
koncentrationer af fosfor i søvandet længe efter, den eksterne fosforbelastning er blevet 
nedbragt, og der vil derfor fortsat kunne opretholdes en stor population af 
planteplankton i denne periode (Søndergaard et al., 1999; Søndergaard et al., 2005). 
Man taler i denne forbindelse om en kemisk træghed i responsen på mindsket 
næringsstof-belastning. Ligeledes opereres med begrebet biologisk træghed, i hvilken 
sammenhæng fiske-samfundet er en af de primære faktorer. 
 
Fiskesamfundet i søerne 

De dominerende, og økologisk vigtigste, arter af søfisk i Danmark inkluderer 
gedde (Esox lucius), aborre (Perca fluviatilis), skalle (Rutilus rutilus) og brasen 
(Abramis brama) samt i visse tilfælde sandart (Stizostedion lucioperca). Gedden er en 
rovfisk, der er specialiseret i at æde andre fisk og udgør derfor øverste led i fødenettet i 
de søer, hvor den findes. Den har en solitær levevis og foretrækker oftest at opholde sig 
i forbindelse med bredzonens vegetation, hvorfra den angriber byttefisk, der svømmer 
forbi (Bry, 1996). Aborren er ligeledes en rovfisk, men til forskel fra gedden, lever den 
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som voksen ofte både af fisk og større invertebrater (Jacobsen et al., 2002). Juvenile 
aborrer æder ligesom deres ældre artsfæller invertebrater, men har desuden 
dyreplankton som en af deres primære fødekilder, hvilket gør arten til en konkurrent for 
skalle og juvenile brasen (Diehl, 1988). Aborrer foragerer ofte i grupper og færdes 
typisk både på åbent vand og i bevoksede habitater (Eklöv, 1992). Skallen er meget 
fleksibel hvad fødevalg angår. Udover dyreplankton og små invertebrater kan den leve 
af plantedele, makroalger og diverse typer dødt organisk materiale (Persson, 1983). I 
stil med aborre og skalle, er dyreplankton en stor del af den juvenile brasens føde. 
Efterhånden som disse vokser, kommer diverse bunddyr dog til at spille en større og 
større rolle, og adulte individer æder sjældent andet (Winfield & Townsend, 1988; 
Kakareko, 2002). Skalle og brasen er begge kendt som stimefisk, men i visse tilfælde 
praktiserer de en mere solitær levevis. Sandart er ikke hjemmehørende i Danmark, men 
findes alligevel i en række næringsrige søer. Den er en specialiseret fiskeæder, ligesom 
gedden, og er særligt tilpasset til livet i uklare søer, da den både ser godt ved lave 
lysintensiteter og har et veludviklet sidelinieorgan (Ali et al., 1977; Popova & Sytina, 
1977). Oftest findes sandarten på åbent vand. 
 Des større produktion af plante- og dyreplankton der er i en sø, des større mængde 
af fisk vil der være fødegrundlag for. Følgelig rummer næringsrige søer generelt større 
fiskepopulationer end mere næringsfattige af slagsen. Desuden ændres også de enkelte 
fiskearters relative vigtighed i fiskesamfundet henover en næringsstof-gradient (Persson 
et al., 1991; Jeppesen et al., 2000). Blandt rovfiskene trives gedden nogenlunde gennem 
hele spektret af trofieringsgrader, hvorimod aborrens andel af fiskesamfundet topper 
ved en middel grad af næringsindhold. Følgelig falder den samlede andel af rovfisk 
med stigende næringsbelastning. Sandart kan, hvor den findes, dog i nogen grad 
kompensere for aborrens nedsatte vigtighed i eutrofe søer. Stik modsat forholder det sig 
med skalle og brasen. Disses relative bidrag til fiskesamfundet øges med stigende 
næringsindhold i søerne (Persson et al., 1991; Jeppesen et al., 2000). At det forholder 
sig således kan i høj grad tilskrives, at miljøforholdene afgør udfaldet af føde-
konkurrencen mellem aborre på den ene side og skalle og brasen på den anden. Aborren 
er konkurrencemæssigt overlegen i habitater med undervandsvegetation, som typisk er 
udbredte i mindre næringsrige søer, hvorimod de to andre arter har fordelen på deres 
side i turbide søer, uden strukturerede habitater (Diehl, 1988; Persson, 1991).  
 
Alternative ligevægtstilstande og biomanipulation 
 Der findes adskillige eksempler på, at miljøtilstanden i en sø ikke forandres 
mærkbart, selvom næringsindholdet i søen er ændret tilstrækkeligt til, at der teoretisk 
set burde ske et skifte (Scheffer et al., 1993). Man taler således om alternative 
ligevægtstilstande i miljøtilstanden, og det er især i denne sammenhæng, begrebet 
biologisk træghed kommer i spil. Fiskesamfundets sammensætning og 
tilstedeværelsen/fraværet af undervandsplanter er nøglefaktorer i denne forbindelse 
(Scheffer et al., 1993). Er undervands-vegetation udbredt i en sø virker det, af 
forskellige årsager, stabiliserende på en klarvandet tilstand, og næringsindholdet skal 
derfor øges betragteligt, før en sådan sø bliver uklar (Scheffer et al., 1993; Jeppesen, 
1998). Modsat, og mere aktuelt for situationen i de danske søer, kan store populationer 
af planktivore fisk fastholde en sø i uklar tilstand, selvom både den eksterne og interne 
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fosforbelastning er nedbragt væsentligt (Benndorf, 1990; Jeppesen et al., 1990; 
Hansson et al., 1998).  
 Den miljømæssige målsætning for danske søer er for langt de flestes 
vedkommende en relativt klarvandet tilstand. Som nævnt er en sådan tilstand i mange 
tilfælde dog ikke indtruffet trods en reduktion i næringstilførslen, og derfor har man i 
en række søer forsøgt at opnå klarere vand ved hjælp af såkaldt biomanipulation. De to 
mest anvendte typer af biomanipulation har været udsætning af store mængder 
geddeyngel (Prejs et al., 1994; Berg et al., 1997) og opfiskning af planktivore fisk 
(Jeppesen, 1998). Teorien bag gedde-udsætningerne er, at unaturligt store mængder 
geddeyngel kan æde meget store andele af ynglen fra planktivore fisk, og at dette 
efterfølgende vil forplante sig ned gennem fødenettet med mindre mængder 
planteplankton og klarere vand til følge (Carpenter et al., 1985). Metoden har dog vist 
sig at være mindre effektiv, end de indledende forsøg antydede, og dens udbredelse er 
nu begrænset (Skov et al., 2006). Ved opfiskning af hovedparten af de planktivore fisk i 
en sø opnås en øjeblikkelig reduktion i prædationstrykket på dyreplanktonsamfundet. 
Samtidig har man håbet på at kunne begrænse disse arters rekruttering de følgende år 
og dermed opnå en permanent mindre bestandsstørrelse. Sidstnævnte har dog oftest 
ikke været tilfældet, da de planktivore fisk har et enormt højt reproduktivt potentiale, 
men på kort sigt har disse opfiskninger medført en mere klarvandet miljøtilstand (Urho, 
1994; Hansson et al., 1998). 
 
Formål med specialet 
 Til trods for dets afgørende betydning for søers miljøtilstand, har man i dag kun 
begrænset kendskab til, hvordan fiskesamfundet udvikler sig, når 
næringsbelastningen mindskes. Ligeledes er der adskillige huller i den tilgængelige 
viden om rovfiskebestandes stabilitet, og deres evne til at have en effekt på 
populationer af planktivore fisk, under forskellige miljøforhold. I denne sammenhæng 
er det derfor vigtigt at opnå større forståelse for de mekanismer, der ligger bag 
fiskenes samspil i henholdsvis klarvandede og turbide søer.  
 Formålet med dette speciale er at undersøge, om top-prædatoren gedden og dens 
byttefisk udviser forskellig adfærd i henholdsvis en klarvandet og en turbid sø. De to 
dele undersøges separat i de samme to søer: den klarvandede Engelsholm Sø og den 
uklare Gødstrup Sø. 
 Første del er et telemetri-studie af adulte gedders døgnaktivitet og habitatvalg, 
som desuden suppleres med en fødeundersøgelse. Gedden har traditionelt været 
betragtet som en syns-afhængig rovfisk, der af den grund har svært ved at identificere 
bytteemner i uklart vand. At der alligevel findes gedder i turbide søer har været 
foreslået at kunne skyldes, at de under sådanne miljøforhold tillægger en mere aktiv 
jagtstrategi med henblik på at støde ind i flere potentielle byttefisk (Vøllestad et al., 
1986). Dette studie vil kunne afsløre, om det forholder sig således i naturlige søer. 
Derudover vil fødeundersøgelsen samt forholdet mellem de enkelte gedders længde 
og vægt (konditionsfaktoren) kunne indikere, om gedderne skulle have sværere ved at 
fange tilstrækkeligt føde i uklart end i klart vand. Tilsammen vil disse oplysninger 
give ny viden om geddens generelle trivsel og prædation på planktivore fisk under 
forskellige miljøforhold.  
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 Den anden del af specialet omhandler døgnmæssig fordeling og aktivitet af 
geddens potentielle byttefisk. Undersøgelsen er baseret på en kombination af 
elektrofiskeri og fiskeri med biologiske oversigtsgarn. Når byttefisk udfører såkaldt 
anti-prædations adfærd, såsom at søge tilflugt i vegetation, kan det have negativ 
indflydelse på deres fødeindtag og vækst (Werner et al., 1983). Laboratorieforsøg har 
imidlertid vist, at nogle arter undlader at udføre anti-prædations adfærd i uklart vand 
(Abrahams & Kattenfeld, 1997; Snickars et al., 2004). Resultaterne fra dette studie 
kan give information om, hvorvidt byttefiskene i en typisk dansk sø udviser reduceret 
grad af anti-prædations adfærd i uklart sammenlignet med klart vand. I et større 
perspektiv kan dette øge kendskabet til effekten af rovfisk på de planktivore fisk i 
søer med forskellig miljøtilstand. 
 
Resultater og perspektivering 

Telemetristudiet af geddeadfærd gav følgende hovedresultater: 
 

• Der ikke var ikke forskel i gennemsnitligt aktivitetsniveau eller 
habitatvalg blandt gedderne i de to søer.  

• Der var en markant grad af individuel variation i både aktivitet og 
habitatvalg internt i begge populationer, og omfanget af denne variation 
var størst i den turbide Gødstrup Sø. Her fandtes både de mest aktive og 
de mest inaktive individer. 

• Længden af gedderne havde betydning for både aktivitet og habitatsvalg, 
og de største individer tilbagelagde de længste distancer og opholdt sig 
mest på åbent vand.  

• Hverken aktivitet eller habitatvalg varierede signifikant gennem døgnet, 
men det laveste gennemsnitlige aktivitetsniveau blev udvist midt på 
dagen.  

• Konditionsfaktoren hos gedder i de to søer var ikke forskellig. 
• Fødeundersøgelsen viste, at gedderne i de to søer åd byttefisk af samme 

størrelsesorden, men at dem i Engelsholm Sø i gennemsnit havde 
indtaget et lidt højere antal byttefisk.  

 
Der blev altså ikke fundet bevis for at gedden opretholder et højere 

aktivitetsniveau eller opholder sig mere på åbent vand i uklare end i klarvandede søer. 
Siden konditionsfaktoren for gedderne var ens i de to søer, ser det heller ikke ud til, at 
de skulle være ude af stand til at jage succesfuldt i uklart vand. Følgelig er der intet 
ved disse resultater, der tyder på, at gedder i uklare søer overordnet set tvinges til at 
ændre adfærd, i forhold til klarvandede situationer, for at møde tilstrækkeligt med 
bytteemner. Dog udviste de mest aktive individer i den uklare sø et højere 
aktivitetsniveau end modparten i den klarvandede sø, men modsat fandtes der også 
helt stationære og mere inaktive gedder i den turbide sø, end tilfældet var i den 
klarvandede. Det tyder derfor på, at der i uklare søer finder en forholdsvis høj grad af 
adfærdsmæssig specialisering sted internt i geddepopulationer. Baggrunden derfor og 
den økologiske betydning deraf er uvis. At der ikke var signifikant døgnvariation i de 
studerede gedders aktivitetsniveau indikerer, at de er i stand til at tage føde til sig på 
alle tider af døgnet. 
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Undersøgelsen af byttefiskenes adfærd udmøntede sig i disse resultater: 
 

I den klarvandede Engelsholm Sø opholdt byttefiskene sig generelt i 
stimer i tilknytning til bredzonens vegetation og var forholdsvis inaktive 
i dagtimerne. Aborrerne forblev hovedsageligt i vegetationen døgnet 
rundt, hvorimod skallerne bevægede sig ud på åbent vand om natten.  

• 

• I den uklare Gødstrup Sø var byttefiskene derimod spredt ud over hele 
søen, og tætheden var på alle tider af døgnet højere på åbent vand end i 
vegetationen. Desuden var aktivitetsniveauet generelt højt.  

 
Stimedannelse, inaktivitet og ophold i vegetation betragtes som adfærdsmæssig 

reduktion af risikoen for at blive ædt af rovfisk. Byttefiskene i den klarvandede 
Engelsholm Sø udviste netop sådan adfærd, hvorimod adfærden hos dem i den turbide 
Gødstrup Sø ikke afspejlede noget forsøg på at undgå sammenstød med prædatorer. 
Dermed bekræftes det, at anti-prædations adfærd kraftigt reduceres blandt byttefisk i 
uklare sammenlignet med klarvandede søer. Følgelig antages det, at byttefisk i uklare 
søer ikke oplever reduceret vækst, som det har været eftervist, at anti-prædations 
adfærd kan resultere i (Werner et al., 1983).  

Samlet set har resultaterne af disse to undersøgelser vist, at top-prædatoren i de 
danske søer, gedden, ser ud til at kunne jage ligeså effektivt i uklare som i 
klarvandede søer. Forudsat at populationsstørrelsen er ensartet, vil gedden dermed 
kunne yde samme prædationstryk på planktivore fisk i turbide og mere rene søer. 
Undersøgelsen af byttefiskenes adfærd viste dog, at det kun er i klarvandede søer, 
byttefiskene reagerer på tilstedeværelsen af rovfisk ved at ændre deres adfærd. I 
klarvandede søer har rovfisk som gedden således både en direkte effekt på 
byttefiskene i form af prædation, og en indirekte effekt gennem induktion af 
adfærdsændringer. I turbide søer er det derimod kun gennem direkte prædation, 
rovfiskene påvirker byttefiskene. Muligvis er netop byttefiskenes manglende anti-
prædations adfærd en af årsagerne til, at geddens jagtsucces ikke nedsættes i uklare 
søer.   
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Behaviour of adult pike (Esox lucius L.) in relation to water 
turbidity  

 
Martin Andersen 

 
Abstract 
 Diel activity and habitat choice of pike (55-85 cm) were studied in a turbid and a clearwater lake 
by use of radio telemetry. Small radio transmitters were surgically implanted in the body cavity of 19 
and 20 pike in the two lakes, respectively. Diurnal tracking sessions, where each fish was tracked eight 
times, was performed five times in both lakes during the summer of 2006. Trackings were carried out 
in relation to light intensity; i.e. the position of each fish was determined one hour before and one hour 
after noon, sunset, midnight and sunrise, respectively. Diel activities were then calculated from net 
movements during these approximately two-hour intervals. There was no overall difference in mean 
activity or habitat choice between pike in the two lakes, but individual variation was very pronounced 
within both populations, and to the highest degree in the turbid lake. Body length affected behaviour, 
with large individuals covering longer distances and spending more time in open water than smaller 
pike. In both lakes, activity was lower in full daylight than at sunset, night and sunrise, although not 
significantly.  
 
Introduction 

Northern pike (Esox lucius L.) is the top predator in numerous waters of 
Northern Europe (Raat, 1988), and it plays an important role in structuring fish 
communities and also the environmental state of aquatic ecosystems (He & Wright, 
1992; Skov et al., 2002a). Pike can tolerate a wide range of environmental conditions 
(Casselman, 1978), and is distributed throughout a wide variety of freshwater habitats 
and even brackish water. Piscivorous feeding is initiated already during the first 
growing season (Mann, 1982), and traditionally the pike is considered an 
opportunistic (Nursall, 1973; Margenau et al., 1998) sit-and-wait predator (Diana et 
al., 1977; Eklöv & Diehl, 1994). For prey detection pike primarily depend on vision, 
although prey within close range can be identified by use of the lateral line (Nursall, 
1973; Raat, 1988).  
 Highest densities of pike are generally associated with temperate 
meso/eutrophic waters (Casselman, 1978; Jeppesen et al., 2000), whereas populations 
have been found to decline under hypertrophic conditions (Willemsen, 1980). In this 
context Craig & Babaluk (1989) reported lower condition factor for pike in turbid 
water compared to clearwater habitats, and argued that suboptimal hunting 
conditions, caused by turbidity, resulting in low food intake could be the explanation. 
Contrary to this hypothesis though, neither Mauck & Coble (1971) nor Skov et al. 
(2002b) found any influence of turbidty on food intake in the pike.  
 Reduced ability to visually identify prey items in turbid water have been 
reported for some piscivores (Crowl, 1989; Hecht & van der Lingen, 1992), and 
Turesson & Brönmark (2003) demonstrated that visual predator-prey encounter rate 
for a stationary predator, such as the pike, decreases with increasing turbidity, even 
though high turbidity is accompanied by high prey densities. According to Reid et al. 
(1999) succesful hunting of a visual predator despite such sensory limitations must be 
the result of behavioral changes in predator, prey or both. This is in agreement with 
Vøllestad et al. (1986) who hypothesized that pike, under turbid conditions, might 
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profit from switching from the typical sit-and-wait behaviour to a strategy where they 
search more actively for prey. 
 The purpose of this study was to investigate the effect of turbidity on adult pike 
behavior in the field. The hypothesis was, in accordance with Vøllestad et al. (1986), 
that pike in turbid water, in order to maximze encounter rate with prey fish, would be 
more active and spend more time in the pelagic zone than pike in clear water. This 
was tested by executing a radio telemetry study of diel activity levels and habitat 
choice of pike >55 cm in a turbid and a clearwater lake.  
 
Materials and methods  
Study sites 
 The rational basis behind selection of study lakes was to keep all other factors 
than water turbidity as similar as possible, so that turbidity would be the most obvious 
physical parameter explaining possible between-lake differences in pike behaviour. 
These assumptions were met to a satisfactory degree with the two shallow lakes, Lake 
Engelsholm and Lake Gødstrup, located in the central part of Jutland, Denmark.  

Lake Engelsholm is 43 ha with a mean depth of 2.6 m (max: 6.1 m) and is 
relatively rectangular in shape (Figure 5.). The lake is meso/eutrophic with a highly 
variable phytoplankton turbidity; Secchi depth exceeded five meters in springtime 
when the pike were tagged, but then declined to less than one meter in July and 
August (see result section). Submerged macrophytes are almost entirely absent, but 
wide stands of floating leaved Percicaria amphibia are present along the whole 
western shore. Emergent vegetation occurs throughout the shoreline and is dominated 
by Phragmites australis, while also Thyfa latifolia, Thyfa angustifolia and Ancorus 
calamus are quantitatively significant. The relatively high water transparancy in the 
lake can probably be ascribed to removal of large quantities of cyprinids from 1992-
’94 and again in 2005.  

Lake Gødstrup covers 46 ha, has a mean depth of 1.6 m (max: 4.0 m) and is also 
rectangular in shape. It is very eutrophic with a mean summer Secchi depth of less 
than 0.5 m. The vegetation in the lake resembles that of Lake Engelsholm: 
Submerged macrophytes are practically absent, floating leaved Nuphar lutea covers 
the zone ouside the emergent vegetation along most of the sheltered south western 
shore, and the abundant emergent vegetation is dominated by Phragmites australis 
with minor contributions of Glyceria sp.  
 
Capture and radio tagging 

Nineteen pike from Lake Engelsholm were radio-tagged (total length: 56.5-81.2 
cm; mean: 64.6 ± 7.2 cm). Fifteen of these were caught by electrofishing in the 
littoral zone, while four were caught in open water by gill nets and angling (two of 
each). In Lake Gødstrup 20 pike were radio-tagged (total lenght: 57.6-84.5 cm; mean: 
68.5 ± 7.0 cm); all of these were electrofished in the littoral zone. Capturing the fish 
lasted two days in both lakes, and tagging was not initiated until all fish had been 
captured. After capture the pike were held in a 4x4 m enclosure near the lakeshore. 
 Before tagging, the pike were anaesthetized in a 60 ppm solution of Eugenol 
until activity ceased and balance was lost. Then the fish were measured (total length) 
and weighed. When tagging was completed, the pike were placed in tanks with 
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aerated water and observed while they recovered from anaesthesia. When recovery 
was complete, they were released in the lake. 
 The tagging process took place on the lakeshore. Fish were placed on a surgical 
pillow, and the transmitter was inserted into the body cavity through a mid-ventral 
15- to 20-mm incision, anterior to the pelvic girdle. The antenna was run through a 
hole from the body cavity, pierced with a blunt needle posterior to the incision. The 
incision was closed with 1-2 separate sutures. Total operation time was held within 3-
5 minutes. The transmitters were flattened in shape (Model F1585, Advanced 
Telemetry Systems Inc., USA) and weighed 2.8 g in air. The applied tagging method 
has been shown to only affect long-term growth and survival of pike very little, if at 
all (Jepsen & Aarestrup, 1999). 
 
Data collection 
Telemetry 

The study was conducted during summer of 2006. Pike food intake normally 
peaks in the summer period (Diana, 1979), where also water turbidity is at its highest. 
Thus, potential influence, of turbidity on pike foraging behaviour is hypothesized to 
be most pronounced during summer. 

Diel activity and habitat choice of the tagged pike were investigated by 
manually tracking the individuals in relation to light intensity; i.e. noon, sunset, 
midnight and sunrise were chosen as diel key periods. Five diurnal tracking sessions 
were performed in each lake (Weeks 24, 26, 29, 31 and 33). During diurnal tracking 
sessions, each fish was positioned 7-8 times: approximately one hour before and one 
hour after noon, sunset, midnight and sunrise, respectively. Consequently, each 
diurnal tracking session lasted approximately 18 hours in total. In June though, the 
short time interval between sunset and sunrise made it impossible to complete all 
planned positionings. The two positionings “after sunset” and “before midnight” were 
then combined to one. Thus, only seven trackings were performed during the two 
diurnal tracking sessions in June. To minimize temporal displacement in 
measurements between the two lakes, tracking sessions always took place on two 
successive days. 

Tracking of the fish was performed from a petrol-engined boat using a handheld 
antenna. To minimize disturbance, the fish were approached at low speed. The 
position of each individual, along with the time of positioning, was stored on a 
handheld GPS-unit (Garmin GPSMAP 76, Garmin International Inc., Kansas, USA). 
During all tracking sessions, daytime water temperature and Secchi depth were 
measured. 
 The activity measures obtained in this study represent minimum activities. Since 
it can hardly be assumed that fish always swim in straight lines, a certain degree of 
underestimation of moved distance is unavoidably associated with the applied 
method, and the longer the time interval, the larger the underestimation (see Baras, 
1998). In order to investigate the extent of activity underestimation during 2.5-hour 
intervals, continuous trackings of 11 individual pike were performed in each lake. On 
three occasions (Week 28, 30 and 32) 3-4 individual fish were positioned every 15 
minutes during two and a half hours, ranging from 5 quarters before to 5 quarters 
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after sunset. This time span thus equals that of the two sunset positionings during 
diurnal tracking sessions. 
 
Stomach analysis 
To verify that pike in the study lakes actually were piscivorous, as assumed, and to 
check for any differences in prey choise between the two lakes, stomach contents 
from a number of untagged pike (16 and 19 in Lake Engelsholm; 11 and 14 in Lake 
Gødstrup) were collected in June and September in both lakes. The fish were caught 
by electrofishing in the littoral zones, and then anesthetized in a 75 mg L-1 Benzokain 
solution. Stomach contents were pumped out of the pike using glass tubes, as 
described by Hyslop (1980). After recovery from anaesthesia, the fish were released 
into the lake. Stomach contents were preserved in 80 % ethanol for later analysis in 
the laboratory. 
 
Data analysis 
Size and condition factor of pike 

Size (length) homogeneity of the tagged pike between lakes was tested with a t-
test. A two-way ANOVA was used to test for difference in condition factor (condition 
factor = 100 x weight (g)/length (cm)3) of pike between lakes and time of season (the 
tagged pike and those caught for diet analysis in June and September, respectively). 
 
Activity 

For each diurnal tracking session the 7-8 positions of each fish were used to 
calculate four minimum activity measures (distance moved per hour around noon, 
sunset, midnight and sunrise, respectively), each based on two positionings performed 
with 2-2.5 hours between them. Also, to include movements between the selected key 
periods, the distance between all positions (in chronological order) was used to 
estimate total activiy during the approximately 18 hours. Exact times of the 
positionings were used in the calculations to maximize accuracy of activity estimates.  

For two reasons, all tests were run for all five diurnal tracking sessions and for 
the first two diurnal tracking sessions in June, respectively. First, water clarity in the 
clear watered Lake Engelsholm decreased markedly between the second and third 
tracking-session. Therefore, by looking separately at results from the first two 
tracking sessions the desired, large between-lake difference in turbidity was ensured. 
Secondly, the number of functional radio transmitters declined through the study 
period after the second diurnal tracking session (see result section). It was then 
possible to include more individuals in the analyses (16 and 15 in the two lakes, 
respectively) of the two tracking sessions in June than in the analysis of all tracking 
sessions (7 and 7 individuals, respectively).    

To evaluate the difference in activity through the diel cycle, through the study 
period and between lakes, several repeated-measures ANOVA analyses were run. 
Moved distances were measured in both meters and bodylengths, and all tests were 
thus performed with both units.  

The repeated-measures ANOVAs were arranged with two within subject factors 
(two/five 18-hour trackings and four diel key periods), one between subject factor 
(two lakes) and one co-factor (total length of each individual). Difference in total 
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activity during 18-hour trackings was evaluated in a repeated-measures ANOVA with 
one within subject factor (two/five 18-hour trackings), one between subject factor 
(two lakes) and one co-factor (total length). The data were LOG(X+1) transformed to 
meet the assumption of parametric analysis (normality and homoscedasticity). When 
the assumption of sphericity was violated (Mauchly’s test of sphericity, P<0.05), data 
was Huynh-Feldt corrected. Data was standardized, so that only individuals that were 
found during all trackings were included in the analysis. Difference in proportion of 
inactive pike during 18-hour trackings between lakes was tested with binary logistic 
regression. Levene’s Test was used to test for equality in variances between activity 
measures in the two lakes. 
 
Effect of Secchi depth and temperature on activity 
 As mentioned, Secchi depth in Lake Engelsholm was severely reduced during 
the study period, so the lake was only truly clearwatered during the first two diurnal 
trackings. Therefore, to further investigate the influence of turbidity on pike activity, 
a multiple regression analysis of total activity during 18-hour trackings (measured in 
meters), Secchi depth and total fish length was performed. The influence of water 
temperature and fish length on activity was tested likewise.  
 
Continuous trackings 

From the continuous trackings of individual pike, the relation between total 
distance moved and the distance from the first to the last position of that same 
individual was used as measure of underestimation of moved distance during 2.5-hour 
intervals. These results were only used in a descriptive way and were not tested 
statistically. 

 
Habitat choice 
 Distance to shoreline was used as measure of habitat choice. All positions of 
each fish from the five 18-hour trackings were included in analyses. Besides the 
actual distance to shoreline/vegetation, association with vegetation was measured by 
defining all positions within 30 m (maximum distance from shoreline, where 
vegetation occurs in the study lakes) of the shoreline as “in/near vegetation” and all 
positions more than 30 m from the shoreline as “outside vegetation”. 

Variation in distance to shoreline between lakes and over time was also 
evaluated through a repeated-measures ANOVA. As with activity, separate tests were 
run for the first two and all five 18-hour tracking sessions. Included in the analysis 
were two within subject factors (two/five 18-hour trackings and 7-8 positions), one 
between subject factor (two lakes) and one co-factor (total length) (See above for 
further details). Between-lake difference in proportion of pike associated with 
vegetation was evaluated by use of binary logistic regression. Levene’s Test was used 
to test for equality in variances between distances to shoreline in the two lakes. 

 
Stomach analysis 
 Analysis of stomach contents included number, species and length of fish prey 
(no invertebrate prey was found). For partly digested prey fish, vertebrae were used 
both for species determination and estimation of original length (Wise, 1980). Fish 
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remnants that could not be ascribed to a specific prey fish, were only included 
qualitatively in the analysis. Difference in number and size of ingested prey was 
tested with a Mann-Whitney U-test. Binary logistic regression was used to evaluate 
the proportion of empty stomachs and of occurrence of roach and perch, respectively.  

 
Results 
Secchi depth and temperature 
 Secchi depth in Lake Engelsholm exceeded three meters in June, but was 
drastically reduced to 75-100 cm in July and did not increase until after pike trackings 
were completed. In Lake Gødstrup secchi depth remained low (maximum 42 cm) 
throughout the summer (Figure 1.). Daytime water temperature was similar in the two 
lakes; initially it exceeded 20 ◦C, then it dropped to a minimum in late June, rose until 
it peaked at 24 ◦C in late July, and then dropped again during August. 
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Figure 1. Secchi depth (top) and daytime water temperature  in 1 m depth (below) in Lake Engelsholm 
and Lake Gødstrup, during the period of pike trackings. 
 
Mortality and failure of radio transmitters 

Two tagged pike in Lake Gødstrup evidently died early in the study period, 
since the signals from their transmitters were tracked to dry land. Furthermore, one 
individual in Lake Engelsholm and three in Lake Gødstrup were presumed dead. 
They remained inactive at diurnal tracking sessions and could not later be confirmed 
alive by use of electrofishing and other mechanical disturbances (i.e. the radio signal 
did not move).  
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 During the 18-hour tracking in week 29, signals from five fish in each lake 
could not be intercepted. Further loss of signals occurred during the study period; in 
week 33 a total of 11 and 8 signals were missing in Lake Engelsholm and Lake 
Gødstrup, respectively. The manufacturer later confirmed that defective batteries had 
caused this unexpected failure of radio transmitters.  
 
Length and condition factor of pike 

The tagged pike in Lake Gødstrup were slightly longer than those in Lake 
Engelsholm (t-test, P=0.04), but there was no such difference between the 16 and 15 
(P=0.21) or the two times seven (P=0.80) pike included in the analyses; mean total 
length of those was 68 ± 8.5 cm. Neither was there found any significant difference in 
condition factor between pike in the two lakes (Two way-ANOVA, P=0.28) or at 
different times during the study period (P=0.82). Mean condition factor of all caught 
pike in the two lakes was 0.65 ± 0.06. 
 
Activity 

Through all five tracking sessions, no significant difference in pike activity 
between the two lakes was found, either in diel activity pattern (n=7, 7; P=0.89; see 
Table 1.) or in total activity (P=0.99). This was also the case when only results from 
the first two tracking-sessions were analyzed (n=16, 15; P=0.36).  

Very pronounced individual variation in activity levels was evident, though, and 
variation was largest in Lake Gødstrup. Two of the seven individuals in Lake 
Gødstrup were found in the same positions on all occasions, while another always 
was found in a position different from the prior and moved up to 1200 m (1430 
bodylengths) during diurnal tracking sessions. On the contrary, none of these two 
extremes were found in Lake Engelsholm (see Figure 5.). Binary logistic regression, 
though, did not reveal any overall differences in proportion of inactive periods 
between pike in the two lakes. That is, at any given point the number of pike that did 
not move between trackings was the same in the two lakes. Also, Levene’s test on 
diel activity measures of the two times seven pike did not show any between-lake 
difference in variance (P=0.09), whereas the variance in total activity was higher in 
Lake Gødstrup than in Lake Engelsholm (P<0.01). Thus, the individual variation in 
activity was not significantly different between the two lakes at any one point, but in 
total activity throughout diurnal tracking sessions, variation was more conspicuous in 
Lake Gødstrup. Results from the higher number of pike during the first two tracking-
sessions showed higher variance in Lake Gødstrup for both diel (P<0.01) and total 
(P=0.02) activities, however. 

Activity did not show diel variation, but lowest values were generally found at 
noon (mean: 19 bodylenghts hour-1) and the highest at sunrise (mean: 39 bodylenghts 
hour-1; Figure 2.). Neither was activity significantly different between the five diurnal 
sessions, but the highest activity level coincided with the highest water temperature, 
which occurred in week 29 (mean: 37 bodylenghts hour-1). In agreement with this, 
there were no significant differences in diel or seasonal activity among the 16 and 15 
pike present during week 24 and 26.  
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When movements were measured in meters, larger specimens were significantly 
more active than smaller ones (Table 1.), while no such difference was found when 
measured in bodylengths (P=0.07).  

 
  

Source Subject SS df MS F P 
Lake Between 7.34E-5 1 7.34E-5 0.034 0.857 
Bodylenght Between 0.019 1 0.019 8.587 0.014 
Week Within 0.051 3.6 0.014 0.775 0.535 
Week*Lake Within 0.023 3.6 0.006 0.351 0.822 
Week*Bodylength Within 0.054 3.6 0.015 0.828 0.504 
Time of Day Within 0.012 3 0.004 0.435 0.730 
Time of Day*Lake Within 0.009 3 0.003 0.308 0.820 
Time of Day*Bodylength Within 0.023 3 0.008 0.849 0.477 
Time of Day*Week Within 0.056 12 0.005 0.704 0.746 
Time of Day*Week*Lake Within 0.113 12 0.009 1.414 0.167 
Time of Day*Week*Bodylength Within 0.069 12 0.006 0.865 0.584 

Table 1. ANOVA table of the primary test of pike activity (measured in meters per hour) in Lake 
Engelsholm and Lake Gødstrup. Results from 14 pike obtained during five 18-hour trackings are 
included. P values in bold indicate significant effects. 

 
 

Effect of Secchi depth and temperature on activity  
Likewise, multiple regression demonstrated that there was a significant 

correlation between total distances moved during diurnal tracking sessions and total 
fish length (P<0.01), while Secchi depth did not add any significant explanation to 
the variation in movement (P=0.29). Multiple regression also revealed that daytime 
surface temperature of the study lakes significantly influenced total activity during 
diurnal tracking sessions (P=0.04), with activity increasing with temperature. 
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Figure 2. Diel activity (+ standard deviation) of pike (n=7, 7) in the two lakes measured in 
bodylenghts per hour. Mean values based on five 18-hour tracking sessions.  
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Figure 3. Seasonal activity (+ standard deviation) of pike (n=7,7) in the two lakes measured in 
bodylengths per hour. Mean values based on four activity measures per diurnal tracking session.  
 
Continous trackings 

In both lakes five of the 11 pike displayed some activity during continuous 
tracking. The extent of underestimation of moved distance associated with positioning 
every 2.5 hours was highly variable, though and not necessarily linked to activity 
level (Table 2.). Some individuals did not show much curvature in swimming path, 
while two of the pike in Lake Gødstrup swam constantly but remained in the same 
area (Table 2. and Figure 4.). 

 
 Engelsholm   Gødstrup   
Fish Total First-last Underestimation Total First-last Underestimation 

1 177 106 67 726 153 375 
2 224 125 79 43 21 105 
3 113 27 319 116 46 152 
4 55 48 15 241 240 0.5 
5 104 76 37 735 102 621 

Table 2. Data from continuous tracking of individual pike; only data from active specimens are shown. 
In the first column are total distances moved (measured in meters) during the 2.5 hours.  The second 
column shows distance from the first to the last position of pikes, and the third column gives the 
underestimation (%) of moved distances by basing movements on positions every 2.5 hours. 
 
 

Figure 4. Swimming path (pink; 735 m) 
of pike number 5 (see Table 2.) in Lake 
Gødstrup when tracked for every 15 
minutes during 2.5 hours. The black 
circle is the starting point and the white 
circle the ending point. The yellow line 
(102 m) represents the moved distance 
that would have been revealed by 
tracking the pike every 2.5 hours. 
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Habitat choice 
There was no significant difference in distance to shoreline between pike in the 

two lakes (n= 7, 7; P=0.46) or in relation to time of day (P=0.40) throughout the 
entire study period. The same applied for the seperate analysis of the first two 
tracking-sessions (n= 16, 15; P =0.14). 

As with activity, there was marked individual variation in habitat choice, and 
Lavene’s test revealed that the variation was larger in Lake Gødstrup than in Lake 
Engelsholm, both for the whole study period (P<0.01) and for the first two tracking-
sessions (P<0.01). Overall, the most inactive individuals were also the ones that were 
most often found in or near vegetation. Thus, activity level and habitat choice seems 
to be correlated.  

Total fish length had significant influence on habitat choice, with larger 
individuals more often inhabiting open water habitats than smaller ones (P=0.01). 
That only applied for the two times seven pike present for the entire study period, 
though since body length did not have significant effect on distance to shoreline 
among individuals in the first two tracking-sessions (n=16,15; P=0.11). Binary 
logistic regression revealed no significant difference in degree of association with 
vegetation of the pike in the two lakes. Based on the 38 positions of each pike though, 
an average of 3.5 fish (of seven possible) were found in or near vegetation in Lake 
Engelsholm, while the number was 4.6 in Lake Gødstrup.  
 
Stomach contents 

In Lake Engelsholm as well as Lake Gødstrup, half of the pike had either 
completely empty stomachs or only very few bony fish parts. In Lake Engelsholm 
though, more pike had empty stomachs in September than in June.  

Roach (Rutilus rutilus), followed by perch (Perca fluviatilis), was the most 
common prey species found in pike stomachs in both lakes, and the proportions were 
not significantly different (P=0.40 and P=0.92, respectively). In Lake Engelsholm, 
roach remnants were found in 37 % of the pike stomachs, and perch remnants in 23 
%. In Lake Gødstrup roach occurred in 48 % of pike stomachs and perch in 24 %. 
Besides roach and perch, only bream (Abramis brama) and eel (Anguilla anguilla) 
were also found in pike stomachs; one bream in Lake Gødstrup and one eel (48 cm) 
in Lake Engelsholm.  

There was no significant difference in size of ingested prey items (P=0.11; 
mean length: 10.1 ± 6.5 cm) between pike in the two lakes, but among pike with 
actual stomach contents, those in Lake Engelsholm had eaten higher numbers of fish 
per individual (mean: 2.6 ± 2.2) than those in Lake Gødstrup (mean: 1.2 ± 0.4; 
P=0.03).  
 
Discussion 
Effect of turbidity on pike behaviour 

Contrary to the hypothesis, no overall differences were found in either activity 
level or habitat choice between pike in Lake Engelsholm and Lake Gødstrup. Thus, 
water turbidity does not seem to have any apparent effect on pike behaviour. 
However, in agreement with expectations it should be noted that the most active pike 
in Lake Gødstrup did cover substantially longer distances than their most active 
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conspecifics in Lake Engelsholm, especially when results from the continuous 
trackings are considered. Within-population variation in both activity and habitat 
choice was very pronounced in both study lakes, though. This was the case for both 
the 14 individuals from which results were obtained throughout the study period, and 
for the 31 pike that could be included in analyses when only results from June was 
considered. Hence, individual variation seems to be a general feature of the two pike 
populations and not just an artefact of a low number of individuals in the main 
analysis. A consequence of the variation is that general behavioural trends are 
difficult to pinpoint in the two populations. However, analyzing the first two tracking 
sessions separately with a higher number of individuals represented did not result in 
main conclusions deviating from those of the primary analysis. The only difference in 
test results was that also the variance in diel activity was larger in Lake Gødstrup than 
in Lake Engelsholm, whereas only variance in total activity differed between the 
lakes in the primary test. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 5. All 38 positions (black dots) of two pike from Lake Gødstrup (top) and Lake Engelsholm 
(bottom), respectively.  
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A direct comparison of pike behaviour in waters of different turbidity state have 
previously been conducted by Jepsen et al. (2001), although several factors 
complicate the interpretation of their findings. The study lakes differed markedly in 
morphometry, density of prey fish and abundance of underwater vegetation. 
Furthermore, activities were based on net movements during 6-hour intervals, which 
allows for considerable underestimations of moved distances. Despite these problems 
in terms of study design, their conclusion was in line with that of this study; large 
individual variation in behaviour was observed, but there were no between-lake 
differences in average activity levels.  Thus, so far no studies have been able to 
document that adult pike should change their overall behaviour according to degree of 
water turbidity.  

As opposed to the findings of Craig & Babaluk (1989), pike in the turbid Lake 
Gødstrup did not have lower condition factor than those in Lake Engelsholm. In this 
sense, nothing implies that pike should be less efficient foragers in turbid water, as 
was also documented for juvenile pike by Mauck & Coble (1971) and Skov et al. 
(2002b). Contrary to Vøllestad et al. (1986), turbidity did not make pike in this study 
extend their use of open water habitats, and mean activity was not higher among pike 
in Lake Gødstrup than among those in the clearer Lake Engelsholm either. Hence, 
nothing suggests that pike in turbid water discard ambush hunting in favour of more 
active hunting in open water, as was the hypothesis of this study. 

So how do adult pike hunt in turbid water? Even though pike have been 
observed to mainly identify prey by use of visual cues (Nursall, 1973; Raat, 1988), 
numerous studies have documented the pikes’ ability to hunt successfully at low light 
intensities and even in total darkness (Volkova, 1973; Dobler, 1977). On this 
background, it seems reasonable to question the pikes’ proclaimed dependence on 
sight, and hence to regard the sensory capabilities of its lateral line more highly than 
hitherto recognized. In accordance with the classic studies on sensory capacities of 
the pike (Nursall, 1973; Raat, 1988), though, it does seem likely that input from the 
lateral line is not sufficient to provide pike with as big a reactive field as visual input 
does in clear water. In that case, pike may experience a somewhat reduced ability to 
identify prey items when turbidity is high. However, if pike to some extent are 
capable of hunting by use of sensory input from the lateral line, then visual encounter-
rate could be hypothesized not to equal the actual encounter-rate realized by the pike 
under turbid conditions. Thus, as long as turbidity is accompanied by high prey 
abundance, as is the general trend, pike would not necessarily be expected to 
experience reduced encounter-rates with prey fish in turbid waters. Consequently, 
pike would not be forced to increase activity under turbid conditions in order to 
maintain an adequately high encounter-rate.  

Turbidity has been hypothesized to function as a prey refuge and hence reduce 
predation risk (Miner & Stein, 1996; Vogel & Beaumont, 1999), but in a scenario 
where the predators are sensorially superior to the prey fish, the opposite is in fact 
more likely to be the case. If pike, as suggested above, do possess a very well-
developed lateral line, they may very likely have such a sensory advantage over prey 
species like roach and perch. Greenberg et al. (1995) demonstrated that the element of 
surprise is crucial to the success of pike hunting, and with the above in mind pike may 
be able to employ ambush hunting even in open water with turbidity as cover instead 
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of physical structures (Skov et al., 2007). Accordingly, an elevated activity level 
compared to a clearwater situation is not to be expected.  
 
Prey fish 

Stomach contents revealed that the diet of pike inhabiting Lake Engelsholm and 
Lake Gødstrup was dominated by the two most abundant fish species, roach and 
perch. Size of the ingested prey items averaged 10 cm, which coincides with that of 
other studies (Bagenal, 1977; Van Densen, 1994; Persson et al., 1996). Presence of 
perch up to 20 cm and an eel at 48 cm confirms though, that pike also eats larger 
prey, and thus that they can be regarded, to some degree, as opportunistic. No 
invertebrate prey was found in any of the pike stomachs, and the significant 
proportion of empty stomachs further supports an entirely piscivorous feeding 
strategy (Lawler, 1965; Diana et al., 1977). 
 As opposed to pike, the behaviour of prey species – mainly roach and perch – 
differed markedly between the two lakes (Andersen, 2007b). In the clear watered 
Lake Engelsholm roach and perch stayed in schools in or close to vegetation during 
the daytime, whereas roach moved to the pelagic at night. On the contrary, the prey 
fish in Lake Gødstrup were distributed throughout the lake at all times and were most 
active in daylight (Andersen 2007b). Thus, in agreement with other studies turbidity 
made prey fish reduce predator-avoidance behaviour (Abrahams & Kattenfeld, 1997; 
Jacobsen et al., 2004; Snickars et al., 2005). 
 Under experimental conditions pike have been shown to stay close to patches of 
high prey density (Eklöv & Diehl, 1994), but the tagged pike in this study lakes did 
not, in terms of activity and habitat choice, behave significantly differently despite the 
large differences in distribution and activity of their common prey species. Thus, 
apparently the pike did not adjust their behaviour to that of their prey. This could be 
interpreted as if the lesser extent of anti-predator behaviour among prey fish is 
enough for the pike to compensate for the visual constraints associated with hunting 
in the turbid Lake Gødstrup. The density of prey fish was relatively high though 
(Andersen, 2007b), and it would be reasonable to assume, that it is in fact the 
combined effect of high prey density and low extent of anti-predatory behaviour, that 
outweighs the negative effects high water turbidity could have on pike hunting 
success.  
 
Individual variation in behaviour 

Individual variation in behaviour was a general feature in the two pike 
populations, and the extent of it was largest in the turbid Lake Gødstrup, where both 
the two most active and the two most inactive of the 14 study pike were found. The 
same applied for habitat choice; the most active pike was also the only individual that 
inhabited open water at all 38 occasions it was positioned, although it was initially 
caught in the littoral zone. Likewise the two continuously inactive specimens were the 
only ones that were never observed outside vegetated areas. The pike in Lake 
Engelsholm behaved slightly more homogeneously. All individuals there exhibited 
both active and inactive periods and were also found in littoral as well as pelagic 
habitats at some point. Furthermore, the results from the continuous tracking of 
individual pike indicate that individual variation in activity could be even larger than 
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revealed by the 18-hour trackings, since the most active specimens swam up to six 
times further than revealed by positioning them every 2.5 hours.  

Mann (1980) found evidence suggesting that pike populations consist of two 
groups of individuals exhibiting different behaviour: one group is primarily inactive 
and sedentary while the other moves more extensively.  This was partly confirmed by 
Jepsen et al. (2001) who found the same pattern in a turbid reservoir but not in a small 
clearwater lake. Likewise, the results from Lake Gødstrup also give some support to 
the hypothesis of Mann (1980), while the pike of Lake Engelsholm generally 
exhibited a more intermediate behaviour. Based on the results of Jepsen et al. (2001) 
and this study, it appears that turbidity do affect pike behaviour in one way; it induces 
marked intra-population divergence in behaviour. Individual variation in behaviour is 
a widespread phenomenon among fish (Magurran, 1993), and the behavioural 
patterns observed in this study probably reflect distinct foraging strategies. There is 
no obvious explanation as to why such specialization should be more pronounced in 
turbid lakes than in clear watered ones, though. 

 
Body size effects 

Quite possibly, body size may have an influence on the different behavioural 
strategies displayed in the pike populations. Minns (1995) found that home range size 
increases with body size, and the largest specimens in this study not only covered the 
longest distances, but were also more likely to inhabit open water than were smaller 
individuals. This finding is in agreement with Chapman and Mackay (1984ab), who 
reported that small pike were strictly associated with vegetation, whereas larger pike 
inhabited both littoral and pelagic areas. Larger pike thus seem more likely to be 
engaged in active foraging in pelagic habitats than smaller individuals. This could 
result from the fact that large fish experience reduced foraging efficiency in 
structured habitats, such as littoral vegetation (Savino & Stein, 1989). Also, 
Margenau et al. (1998) suggested that large-sized pike inhabit open water because the 
availability of large, highly profitable prey items is higher there than in vegetated 
habitats. 
 However, other factors may also play a role in structuring size-specific 
behaviours. In general, pike are solitary predators that display aggressive and 
territorial behaviour toward conspecifics (Nilsson et al., 2000), and the efficiency of 
their hunting has been shown to decrease in the presence of other pike (Eklöv, 1992). 
Hence, maximizing prey encounters is not the only factor in consideration, and 
overall optimal behaviour is likely not to be the same for all individuals (Magurran, 
1993). In an experiment by Eklöv & Diehl (1994), the largest pike present displayed 
dominant behaviour and confined smaller, subordinate conspecifics to sub-optimal 
habitats. Such hierarchical intraspecific interactions could very well explain some of 
the behavioural variation observed in natural systems, although it would be difficult 
to test.  
 
Diel rhythm of pike 

Previous studies have come to different conclusions regarding the diel activity 
of the pike. Some studies have found it to be a primarily diurnal species with some 
crepuscular but no nocturnal activity (Diana, 1980; Lucas, 1992; Casselman, 1996), 
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while others have observed pike to be most active at dusk and dawn (Casselman, 
1978; Cook & Bergersen, 1988; Beaumont et al., 2005) or night (Lawler, 1969; 
Jepsen, 2001). No significant difference in level of activity between diel key periods 
was found in this study, and hence the pike in Lake Engelsholm and Lake Gødstrup 
were not completely inactive at any time. The lowest activities were generally found 
at the highest light intensity, though (Figure 2.).  

It is uncertain at what time of the day the study pikes were actually foraging, 
and it is therefore impossible to only connect activity at any one time of day to search 
for prey. The fundamental reasons for which pike should spend energy in terms of 
displaying activity are feeding, breeding and avoidance of predation/aggression. 
Breeding is irrelevant in this context, since the study was conducted after the 
spawning season. Thus, observed activity should reflect either foraging or fleeing. 
Since there was not significant activity variation throughout the diel period, the study 
pike could very well have been foraging at any point of the diel cycle. Pike feeding 
has been observed at all times of the day (Lawler, 1965; Volkova, 1973; Dobler, 
1977; Lucas et al., 1991), and the individual variation in behaviour could possibly be 
linked to individual preferences or specialization in relation to time of foraging. 

 
Conclusion 

Against expectations, pike in the turbid Lake Gødstrup did not behave 
differently from those in the clear watered Lake Engelsholm in terms of mean activity 
or habitat choice. Consequently, it appears that pike in turbid waters are not forced to 
change their feeding strategy to a more active one in order to ensure sufficiently high 
encounter-rates with prey fish. It is hypothesized that high prey densities and a low 
degree of antipredator behaviour among prey fish in turbid lakes compensates for 
reduced visibility. Marked individual variation in behaviour was evident in both 
lakes, but to a higher degree in Lake Gødstrup, where both the most active and the 
most inactive specimens of the study pike were found. Possibly, low transparency 
induces specialization in behavioural strategies among pike.  

There was no significant diel variation in either activity level or association with 
shoreline vegetation, but lowest mean activity was found at midday. Body size 
influenced behaviour; large individuals covered longer distances and were more often 
found in non-vegetated habitats than smaller pike. However, when related to body 
size activity was the same for all sizes of the studied pike. Continuous trackings of 
individual pike revealed that the distances moved could be severely underestimated, 
when trackings are only being performed every 2.5 hours. This could seriously bias 
telemetry studies and needs to be considered in future work. 
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The effect of turbidity on prey fish behaviour in shallow, 
temperate lakes 

 
Martin Andersen 

 
Abstract 
 Diel distribution and activity of fish <20 cm were studied in a clearwater and a turbid lake by a 
combination of multimesh gillnetting and PASE fishing. Three littoral and four pelagic gillnets were 
applied, and 5-hour gillnetting was conducted at both day and nighttime. Simultaneously, PASE 
fishing was undertaken in the reed zones of both lakes (28-38 sampling points). In the clearwater lake, 
the prey fish showed little activity, displayed schooling behaviour and resided in the littoral zone 
during the day. Roach moved to open water habitats at night, whereas perch remained in the littoral 
zone. In the turbid lake, prey fish density was highest in open water throughout the diel cycle, activity 
was high during the day, and schooling was not observed. The results suggest that prey fish display 
reduced antipredator behaviour in turbid lakes.  
 
Introduction 
 Smaller lake fish, mainly plankti- and benthivores, are at high risk of being 
eaten by piscivores, and thus, they constantly face the trade-off between the need to 
avoid predation and various other needs, such as optimising food intake. Avoiding or 
fleeing from predators has marked fitness costs, since it is both energy demanding 
and is being performed at the expense of other activities (Ydenberg & Dill, 1986). 
Therefore, when an animal detects a predator, it should always evaluate the cost of 
flight/avoidance against the cost of engaging in other activities (Lima & Dill, 1990).  

In general, freshwater fish are thought to be capable of altering their behaviour 
according to prevailing conditions (Hanych et al., 1983), and several studies have 
demonstrated that both resource availability and risk of predation has a strong 
influence on movement patterns and habitat choice of potential prey fish (Werner et 
al., 1983; Bean & Winfield, 1995; Jacobsen & Berg, 1998). In lakes, it has commonly 
been found that planktivorous species stay relatively inactive in the littoral zone 
during the day and move to the pelagic (non-vegetated habitats) to feed at night 
(Bohl, 1980; Lewin et al., 2004; Okun & Mehner, 2005), even when food resources 
are higher in open water (Gliwicz & Jachner, 1992). Their inactive residence in the 
physical cover offered by littoral vegetation during daytime is thus regarded as a way 
of avoiding encounters with diurnal predators (Moody et al., 1983; Werner & Hall, 
1988). Therefore, besides direct effects of predation mortalities, piscivores can 
influence prey fish populations indirectly by generating behavioural changes (Kerfoot 
& Sih, 1987; He & Kitchell, 1990).  
 As most fish species have well-developed eyes (Guthrie & Muntz, 1993), vision 
is probably the sense that most reliably provides information about nearby prey or 
predators (Abrahams & Kattenfeld, 1997). Consequently, water turbidity has been 
hypothesized to function as protection against predators (Bruton, 1985; Gregory, 
1993). The distance at which predator and prey are able to visually detect the 
presence of eachother will be reduced in turbid waters (Miner & Stein, 1996; Vogel & 
Beauchamp, 1999), and hence, most predator-prey encounters will take place at 
shorter distances than in a clearwater situation. As a direct consequence, flight 
responses initiated when the prey fish detects an approaching predator may not be 
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effective in terms of enhancing its chances of survival (Ydenberg & Dill, 1986). 
Thus, when turbidity reduces the ability of prey fish to behaviourally control their 
own risk of being preyed upon, the costly predator avoidance behaviour should not be 
performed (Abrahams & Kattenfeld, 1997). These predictions have been confirmed in 
some experiments, where prey fish in presence of piscivores performed significantly 
less antipredator behaviour at low water transparency than in clear water (Abrahams 
& Kattenfeld, 1997; Snickars et al., 2004; Lehtiniemi et al., 2005; Skov et al., 2007). 
Also, Jacobsen et al. (2004) demonstrated that roach (Rutilus rutilus) in natural lakes 
exhibited less constrained behavioural patterns in turbid than in clear water. These 
results thus indicate that piscivores under turbid conditions only affect prey fish 
through direct predation. 

This study was conducted to elucidate the effect of turbidity on predator-prey 
interactions on a whole-lake scale. It was carried out by monitoring the diel 
distribution and activity of potential prey fish by a combination of electrofishing and 
gillnetting in a turbid and a clearwater lake. The two study lakes were of comparable 
size and morphometry, and the only significantly different physical parameter was 
turbidity level. All fish <20 cm were considered potential prey fish. It was 
hypothesized that the prey fish in the turbid lake overall would exert less antipredator 
behaviour and forage less restricted than those in the clear watered lake. That is, in 
daylight they were thought to school less, to be less associated with the physical cover 
in the littoral zone and to be more active than their conspecifics in the clear watered 
lake. On the contrary, it was expected that the prey fish in the turbid lake would 
remain relatively inactive after sunset, when the fish in clear water were thought to 
abandon the shelter in the vegetated zones to forage actively in open water.  
 
Materials and methods 
Study sites 

Lake Engelsholm is 43 ha with a mean depth of 2.6 m (max: 6.1 m) and is 
relatively rectangular in shape (Figure 1.). The lake is meso/eutrophic with a highly 
variable phytoplankton turbidity; Secchi depth exceeded five meters in springtime of 
2006, but then declined to less than one meter in July, August and September, before 
it increased rapidly to more than three meters in mid-October. Submerged 
macrophytes are almost entirely absent, but wide stands of floating leaved Percicaria 
amphibia are present along the whole western shore. Emergent vegetation occurs 
throughout the shoreline and is dominated by Phragmites australis, while also Thyfa 
latifolia, Thyfa angustifolia and Ancorus calamus are quantitatively significant. The 
relatively high water transparancy in the lake can probably be ascribed to removal of 
large quantities of cyprinids from 1992-’94 and again in 2005.  

Lake Gødstrup covers 46 ha, has a mean depth of 1.6 m (max: 4.0 m) and is also 
rectangular in shape (Figure 1.). It is very eutrophic with a mean summer Secchi 
depth of less than 0.5 m. The vegetation in the lake resembles that of Lake 
Engelsholm: Submerged macrophytes are practically absent, floating leaved Nuphar 
lutea covers the zone ouside the emergent vegetation along most of the sheltered 
south western shore, and the abundant emergent vegetation is dominated by 
Phragmites australis with minor contributions of Glyceria sp.  
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Both lakes are inhabited by the typical set of lake fish species in Denmark: pike 
(Esox lucius), perch (Perca fluvialis), roach, bream (Abramis brama) and ruffe 
(Gymnocephalus cernuus). Pike is the top predator, and it initiates piscivory already 
in its first growing season (Mann, 1982). Adult perch are secondary predators, which 
eat both fish and macroinvertebrate prey, while juveniles feed on zooplankton and 
invertebrates (Jacobsen et al., 2002). Roach are omnivores, feeding on both 
zooplankton and algae/detritus (Horppila, 1994). Finally, bream are also 
planktivorous as juveniles, while larger specimens mainly feed on macrobenthos 
(Kakareko, 2002).  
 
Data collection 
 Data collection took place in early October 2006. Phytoplankton turbidity in the 
lake chosen as clearwater, Lake Engelsholm, was higher than expected from July to 
September (Secchi depth <100 cm), but had started to decrease rapidly in the end of 
September. Therefore, October was the most appropriate sampling time. 

Several studies have shown that fish below 15 cm are most likely to be eaten by 
piscivores, although larger fish are also being preyed upon (Bagenal, 1977; Van 
Densen, 1994; Persson et al., 1996). In the two study lakes fish up to about 20 cm 
were found in the stomachs of pike (Andersen, 2007a), and  that was the rationale 
behind defining all fish <20 cm as potential prey fish in this study.  

Diel distribution and activity of prey fish was investigated by a combination of 
Point Abundance Sampling by Electrofishing (PASE; Copp & Penaz, 1988) and 
gillnetting. In week 40 5-hour gillnetting was conducted at both day- and nighttime in 
both lakes, and PASE fishing was carried out while the nets were in the water (no 
sampling points in close proximity of the nets).  

One week later, 18-hour gillnetting, from approximately 16.00 to 10.00 the 
following day, was executed in both lakes. The 18-hour gillnetting was used to asess 
general prey fish composition and density in the two lakes. Secchi depth was 
measured on all occasions. 

PASE-electrofishing was undertaken in the littoral zone of the lakes. In Lake 
Engelsholm the number of sampling points was 30 both day and night, whereas 38 
points were sampled during daytime and 28 at night in Lake Gødstrup. Points were 
distributed throughout the whole shoreline of the lakes. PASE fishing was performed 
from a petrol-engined boat, and generally the selected sampling points were 
approached as calmly as possible to minimize disturbance of the fish. The species 
composition of the catch was determined, counted and measured (total length) 
immediately after capture and then re-released.  

The sections of the gill nets with the largest mesh sizes were removed in order 
to minimize the risk of catching radio tagged pike and perch present in the study lakes 
(see Andersen, 2007a). The nets were 1.5 m tall and then consisted of seven 3 m long 
sections with different mesh sizes ranging from 6.25 mm to 25.0 mm. According to 
available data on gillnet catches (unpublished data), fish <20 cm are not likely to get 
caught in mesh sizes larger than 25 mm. Therefore, removing the sections with large 
mesh sizes was hypothesized not to influence catches of the most likely prey fish.  

In total, seven nets were used in each lake (Figure 1.); four in the pelagic zone 
(two floating and two sinking nets) and three in the littoral zone (two parallel to the 
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vegetation and one perpendicular). The littoral nets were placed immediately outside 
the emergent vegetation. Catches were processed at the lake shore one net section at a 
time. Species, number and total length of fish were registered.  

For catches in both electrofishing and gillnetting 200 individuals of each 
visually recognizable year class (0+, 1+ and 2+ roach and 0+ perch) were measured to 
determine size distribution.  

 
 

 
 
 
 
 
 
 
 
 
 
 
 

 
Figure 1. Positions of gillnets (black lines) in Lake Engelsholm (left) and Lake Gødstrup (right). 

 
 

Data analysis 
In analyses of all catch data, the caught fish were split up into individuals <10 

cm and individuals ≥10 cm total length, as is the standard procedure for evaluating 
catch data of lake fish (Mortensen et al., 1990). Analyses were carried out for the fish 
community as a whole (all caught fish combined) and also separately for the two 
numerically dominating (see results) species, roach and perch. For each session of 
PASE fishing CPUE (number of individuals per sampling point) as well as dispersal 
index (mean/variance; Copp & Jurajda, 1993) was calculated. Likewise, for gillnet 
catches CPUE (number of individuals per net) was calculated for all gillnets 
combined and for pelagic and littoral nets separately. Overall, the catch data were not 
normally distributed, for which reason the non-parametric Mann-Whitney U-test was 
used to test for differences in catch numbers between lakes, between habitats and 
between day and night. 

The characteristics of the prey fish communities – density and species 
composition - in the two lakes was determined from the 18-hour gillnet fishing. This, 
in combination with littoral electrofishing in 300 m stretches, is the method normally 
applied for sampling of fish community structure (Mortensen et al., 1990). For this 
study though, electrofishing (in 300 m stretches) was replaced by gillnets placed as 
close to the reed belts as possible.  

Diel distribution of the prey fish in the littoral was inferred by comparing catch 
data from PASE fishing and 5-hour gillnetting at day and night. PASE fishing is an 
active sampling method, where all present fish are caught. Therefore, it is very 
suitable for determining whether fish are present or absent in a certain habitat. 
Gillnets, on the other hand, are passive size- and species selective tools, where only 
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active fish are caught. Despite these biases, the application of multimesh gillnets in 
fish community sampling is regarded a very useful method and widely applied 
(Mortensen et al., 1990). As opposed to littoral fish presence, pelagic presence was 
only derived from gillnetting. Hence, density of relatively inactive species may be 
underestimated in open water habitats.  

Catch numbers in gillnets depend on activity of the fishes. Therefore, relative 
diel activity of fish was determined from variation in numbers of fish caught in 
gillnets at day- and nighttime. Furthermore, an activity index was derived for the fish 
present in the littoral zones. This was done by dividing littoral gillnet CPUE with 
PASE CPUE. The degree of schooling was inferred from how patchy the fish were 
distributed. This information was retrieved from PASE fishing (dispersal index; see 
above), meaning that only a measure of schooling behaviour of fish present in the 
littoral zone was achieved. 

 
Results 
Secchi depth 
  When the study was conducted, water clarity in Lake Engelsholm was 
increasing drastically after Secchi depth had been below 1 m during mid-summer 
(data not shown). When 5-hour gillnetting and PASE fishing was performed in week 
40, Secchi depth was at 160 cm, and one week later, when 18-hour gillnetting was 
executed it had increased to 310 cm. On the contrary, Secchi depth in Lake Gødstrup 
did not fluctuate noticeably throughout the summer half-year, and was at 40 cm when 
sampling was carried out.  
 
Prey fish community 

Eighteen-hour gillnetting revealed no significant difference in total prey fish 
density between the two lakes (P=0.48; Table 1.). Roach and perch were the most 
abundant species of fish <20 cm in both lakes. In Lake Engelsholm both species 
constituted just below half of the fish community, while in Lake Gødstrup the roach 
population was clearly dominant and two times bigger than the perch population 
(Table 2.). The roach population in Lake Engelsholm was almost entirely constituted 
by 0+ and 1+ individuals, but in Lake Gødstrup older year classes were represented in 
considerable numbers as well (Table 1.). Ruffe (Gymnocephalus cernuus) and bream 
were represented with small populations in both lakes, and in Lake Gødstrup also a 
number of juvenile pikeperch were caught (Table 1. & 2.). PASE fishing revealed 
minor abundances of eel (Anguilla anguilla, >20 cm) in both lakes and gudgeon 
(Gobio gobio) in Lake Gødstrup.  
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 Engelsholm Gødstrup 
Roach <10 cm 70.9 (39.1 – 124.1) 65.1 (36.4 – 112.3) 
Roach >10 cm 7.1 (3.3 – 10.8) 24.1 (18.9 – 28.3) 
Perch <10 cm 53.0 (23.6 – 113.4) 33.3 (20.2 – 51.2) 
Perch >10 cm 19.7 (9.9 – 34.7) 9.6 (6.8 – 10.8) 
Ruffe <10 cm 5.4 (2.4 – 7.5) 0.9 
Ruffe >10 cm 2.0  2.1 
Bream <10 cm 0 0.1 
Bream >10 cm 3.4 (1.3 – 4.2) 4.0 (1.8 – 4.7) 
Pikeperch <10 cm 0 4.3 (1.9 – 5.4) 
Pikeperch >10 cm 0 2.4 
Total 161.6 (130.1 – 198.0) 146.3 (107.7 – 195.9) 

Table 1. CPUE (95 % C.L.) of different species and sizes from 18-hour gillnetting in the two 
 lakes. CPUE is expressed in number of individuals. 

 
 
 
 
 
 
 
 

 Engelsholm  Gødstrup  
Species Number % Number % 
Roach 546 48.3 625 61.2 
Perch 509 45.0 300 29.4 
Ruffe 52 4.6 21 2.1 
Bream 24 2.1 29 2.8 
Pikeperch 0 0.0 47 4.6 
Total 1131 100.00 1022 100.00 

Table 2. Species composition in Lake Engelsholm and Lake Gødstrup calculated 
 from catches in multimesh gillnets during 18 hours of fishing. 
 
Diel distribution 
Lake Engelsholm 

In Lake Engelsholm total prey fish catches in multimesh gillnets were 
significantly higher in the littoral zone than the pelagic zone during the day (P=0.03), 
while the higher density found in the pelagic compared to the littoral habitat at night 
(Figure 2.) was not significant (P=0.29). In neither littoral nor pelagic nets were day- 
and nighttime catches significantly different (P=0.05, P=0.08), even though mean 
values indicate a clear difference in both instances.  PASE fishing in the littoral zone 
revealed that significantly more fish were present there at daytime than at night 
(P=0.04), suggesting that some fish leave the vegetated littoral zone some time 
around the end of the day.  

During the day, the number of roach caught in littoral gillnets was not 
significantly different from that caught in pelagic nets (P=0.27), and littoral roach 
abundance was not different between day and night (P=0.38), even though mean 
catches suggest that roach preferred littoral habitats over pelagic during the day 
(Figure 2.). On the contrary, significantly more roach were caught in the pelagic than 
in the littoral zone at night (P=0.03), and the number of roach caught in open water 
differed significantly between day and night (P=0.04). Supporting the diel 
distribution pattern derived from mean gillnet catches, the PASE electrofishing 
(Figure 2.) showed very clearly that more roach were present in the littoral zone 
during daytime than at night (P<0.01). Despite failing to prove significance, it seems 
obvious that roach switch habitat on a diel basis, from the littoral zones in daylight to 
open water at night. 
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Perch catches in gillnets during daytime were higher in littoral than in pelagic 
habitats (P=0.03), whereas there was no difference between the habitats at night 
(P=0.56). The diel variation in gillnet catches was significantly different in the littoral 
zone (P=0.04), but not in the pelagic (P=0.41; see Figure 2.). In the littoral zone, 
PASE fishing yielded slightly different perch catches between day and night, but the 
difference was not significant (P=0.69). Thus, perch preferred littoral areas in the 
daytime, while it was more uncertain which habitat they occupied at night. In general, 
gillnet catches were very low during the night, and according to the catches in PASE 
fishing, the perch mainly stayed in the littoral zone during the night, as they did in the 
daytime.  
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Figure 2. Diel gillnet CPUE (top) and PASE CPUE (below) from Lake Engelsholm. CPUE is 
expressed in number of individuals. Notice that scales are different. 
 
Lake Gødstrup 

Despite the substantial differences in catch numbers (Figure 3.), there was no 
significant difference between littoral and pelagic abundances of total prey fish in 
Lake Gødstrup, neither during the day nor at night (P=0.08 in both instances). 
Likewise, the day- and nighttime catches in littoral and pelagic gillnets, respectively, 
were not significantly different (P=0.13, P=0.15). Catches in littoral PASE fishing 
also did not differ significantly between day and night (P=0.06). Statistically, the 
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overall prey fish abundance was evenly distributed all over Lake Gødstrup at both day 
and night, but according to mean catches density was constantly higher in open water 
than in the littoral reed belts (Figure 3.) 
 Looking separately at roach distribution in Lake Gødstrup, mean catch data, 
indicate that they preferred the open water habitat to littoral vegetation at all diel 
periods (Figure 3.). However, neither littoral nor pelagic abundances differed 
significantly between day and night (P=0.28, P=0.15). Also, the difference between 
littoral and pelagic abundances was not significant at either day or night (P=0.10, 
P=0.29). As with the gillnet catches, PASE fishing revealed no significant diel 
variation in littoral roach (P=0.31). Thus, the Mann- Whitney U-tests suggest that 
there was no difference in roach density between littoral and pelagic habitats at 
neither day nor night. 
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Figure 3. Diel gillnet CPUE (top) and PASE CPUE (below) from Lake Gødstrup. CPUE is expressed 
in number of individuals. Notice that scales are different. 
 
 The abundance of perch in open water was not significantly different from the 
abundance in the littoral zone during the day (P=0.48), but was significantly higher at 
night (P=0.03). The differences in day and night catches were not significant in either 
the littoral (P=0.51) or pelagic zone (P=1.00) of Lake Gødstrup. As opposed to littoral 
gillnet catches, the difference between day and night abundance found with PASE 

  



 36

fishing was significant (P<0.01). Overall, the gillnet results suggest that perch density 
was highest in open water at all times, but this was only statistically verified for 
nighttime. On the other hand, PASE fishing revealed that more perch were found in 
the littoral zone at night than during the day, although numbers were relatively low at 
both times.  

 
Diel activity 
Lake Engelsholm 

Day- and nighttime combined littoral and pelagic gillnet catches in Lake 
Engelsholm were not significantly different for all prey fish (P=0.95), roach (P=0.37) 
or perch (P=0.06; Figure 2.). Based on these test results, no diel variation in activity 
levels could be demonstrated for the fish community as a whole or for either roach or 
perch. Roach predominantly occupied the littoral zone in daylight and open water at 
night, but catches at these times were of the same magnitude (Figure 2.), so they 
could not be regarded as less active at any time. In the case of perch though, gillnet 
catches in the littoral zone, where they mainly resided, were significantly lower at 
night than during the day, even though PASE fishing confirmed that they stayed there 
at night as well (See above section; Figure 2.). Thus, the perch appear to have a lower 
activity at night. This finding is supported by the activity indices for the littoral zone 
(Table 3.), which also suggest that roach were more active at night than during the 
day. 

 
Lake Engelsholm   Lake Gødstrup  

 Total Roach Perch Total Roach Perch 
Day 1.8 1.5 2.5 4.6 5.1 3.1 
Night 1.0 4.3 0.2 1.5 1.9 0.8 
Table 3. Activity indices (gillnet CPUE/PASE CPUE) of all fish, roach and perch in the littoral 
 zones of Lake Engelsholm and Lake Gødstrup. 
 
Lake Gødstrup 
 In Lake Gødstrup, the situation was the same for day and night catches in all 
gillnets combined; none of these were significantly different for either all fish 
(P=0.10), roach (P=0.14) or perch (P=0.95). Looking at littoral and pelagic nets 
separately, no significant diel variation in catches was found either (see above 
section), meaning that no diel variation in activity could be documented for any of the 
three groups in Lake Gødstrup. Once again though, the mean numbers of fish suggest 
that there was a difference (Figure 3.); mean catches, and hence activities, in both 
littoral and pelagic nets were considerably higher at daytime than at night. Activity 
indices from the littoral zone also show decreased activity at night for all three fish 
groups (Table 3.). 
 A comparison of the littoral activity indices in Table 3. reveals that activity, in 
all other instances than for roach at nighttime, was higher in Lake Gødstrup than in 
Lake Engelsholm. 
 
Schooling  

The dispersal indices shown in Table 4. show that prey fishes in Lake 
Engelsholm, and roach in particular, were distributed unevenly during daytime and 
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more evenly at night when perch was almost exclusively the only species present 
there. Overall, the distribution was considerably more even in Lake Gødstrup with no 
marked difference between day and night. Thus, at least in the daytime, schooling of 
the prey fish in reed zones of Lake Engelsholm was clearly more pronounced than 
schooling of those in Lake Gødstrup. 

 
 
Lake Engelsholm   Lake Gødstrup  

 Total Roach Perch Total Roach Perch 
Day 86.7 99.1 34.9 4.4 4.3 1.5 
Night 8.6 1.8 10.0 6.8 7.0 1.7 
Table 4. Dispersal indices (mean/variance) of all fish, roach and perch derived from PASE fishing 
data in the littoral zones of Lake Engelsholm and Lake Gødstrup. 
 
Discussion 
Effect of turbidity on diel distribution and activity 
 The following interpretations of distribution and acitivity results include both 
statistically significant results and indications derived from statistically insignificant 
results. The latter, because the low number of gillnets, and concomitantly low power 
of statistical test, prevented intuitively clear differences from being tested 
significantly different.  

The prey fish in the clear watered Lake Engelsholm displayed the diel 
distribution pattern described in numerous studies (Bohl, 1980; Gliwicz & Jachner, 
1992; Lewin et al. 2004; Okun & Mehner, 2005); they resided in or close to the reeds 
in the littoral zone during daylight, and migrated to open water at night. Roach was 
the main contributor to this pattern, while most perch were associated with the 
shoreline vegetation at all times. Especially roach but also perch appeared in schools 
at daytime, but perch were slightly more evenly distributed at night, indicating some 
degree of school disintegration in darkness. This study yielded no information on the 
schooling behaviour of roach at night. Perch were only active in daylight, while roach 
seemed to be equally active during their daytime residence in the vegetation as when 
they moved to open water at night. 
 In the turbid Lake Gødstrup the case was somewhat different. For the prey fish 
community as a whole and for both roach and perch the density was higher in the 
pelagic than in/near shoreline vegetation at all times. However, there was a small 
tendency toward increased littoral abundance at night compared to daytime for all fish 
groups. The fish present in the littoral zone displayed a very limited degree of 
schooling during day as well as night, and all three fish groups showed higher activity 
levels in daylight than at night.  
 Typical antipredator behaviours include refuging, schooling and decreased 
activity (Moody et al., 1983; Werner & Hall, 1988). As hypothesized, during the day 
the overall prey fish community in Lake Gødstrup showed considerably less 
schooling and association with vegetative cover than their counterpart in Lake 
Engelsholm. Furthermore, the prey fish of Lake Gødstrup generally displayed higher 
activity levels than those in Lake Engelsholm. Thus, the results of this study confirm 
that overall prey fish communities in shallow, temperate lakes display less of the 
behaviour types traditionally viewed as antipredatory under turbid conditions than in 
clear water. Furthermore, these findings give support to the view that the effects of 
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piscivores on prey fish populations in turbid waters mainly are characterized by direct 
predation mortalities.  
 With regard to roach behaviour, the findings of this study are in line with those 
of Jacobsen et al. (2004), besides that roach in Lake Engelsholm were not inactive 
during their daytime residence near the reeds, as was reported by the authors. The 
results are not necessarily contradicting, though, and may merely reflect the different 
methods applied for activity measurements. Activity on a local scale would be 
reflected in gillnet catches, whereas a telemetry study, as conducted by Jacobsen et al. 
(2004) only reveals movements between and not within areas. Also, the effect of 
turbidity on perch behaviour observed here is consistent with that reported in a 
laboratory study of Snickars et al. (2004).  Namely that antipredatory use of 
vegetative cover is reduced in turbid water. At the same time, the results of this study 
thus contradict those of Skov et al. (2007), who observed the exact opposite 
distribution pattern in perch. Gliwicz & Jachner (1992) found that juvenile perch took 
part in the same nighttime offshore migrations as roach. Such behaviour of perch was 
not observed in Lake Engelsholm, where roach did engage in these diel habitat shifts, 
and Okun & Mehner (2005) also found juvenile perch to mainly inhabit reed stands 
throughout the diel cycle. Other authors have also observed strictly diurnal activity 
patterns in perch (Ali et al., 1977; Jacobsen et al., 2002).  

Whether there exists a threshold degree of turbidity that induces these 
behavioural changes, or the decrease in antipredator behaviour occurs gradually with 
increasing turbidity is unknown. He & Kitchell (1990) found that introduction of pike 
in a small lake induced emigration of cyprinids when the Secchi depth was 70 cm, but 
not in periods where it was as low as 20-40 cm. In line with this finding, PASE 
fishing, performed in the reed zones of Lake Engelsholm in July and August (data not 
shown) where Secchi depth varied between 75 and 90 cm, revealed the same diel 
distribution pattern as found in October, where the lake water was considerably 
clearer. These two studies thus indicate that prey fish do perform predator avoidance 
behaviour in lakes with Secchi depths as low as 70 cm, which cannot even be 
regarded as truly clear water. At the same time, it is therefore implied that it is only in 
very turbid waters prey fish choose not to perform antipredator behaviour. Further 
investigations are of course needed to more precisely establish at which turbidity 
levels the behavioural changes are induced. 
 
Prey fish communities 
 The overall catch (not necessarily biomass) of prey fish was equal in the two 
study lakes, according to 18-hour gillnetting. This finding may be biased, though. As 
demonstrated by Olin et al. (2004), accumulation of fish in gillnets severely reduces 
catch efficiency of the nets, a phenomenon that very possibly could bias fish density 
estimates derived from gillnet catches, especially when nets are applied during long 
timeframes such as 18 hours. Accumulation of fish in gillnets is very likely to 
progress faster in waters rich in fish than in more unproductive environments, which 
means that efficient fishing time will differ between two such waters. A comparison 
of the numbers of fish caught during 18-hour and 5-hour gillnettings indicates, that 
the results of the former in Lake Gødstrup substantially underestimates fish density: 
The two 5-hour gillnettings yielded catch rates of 25.2 fish per hour (day) and 10.9 
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fish per hour (night), respectively. The mean of 146.3 fish caught per net during 18-
hour fishing reflects a catch rate of 8.1 fish per hour, which is considerably lower than 
that of 5-hour fishing in daylight. On the contrary, the results from Lake Engelsholm 
suggest a much more constant catch sequence during the 18-hour gillnetting, for 
which reason the number of caught fish there produced a more reliable density 
estimate, than was the case in Lake Gødstrup: Two times 5-hour gillnetting resulted 
in catch rates of 7.3 fish per hour (day) and 5.9 fish per hour (night), while the catch 
rate was 9.0 fish per hour during 18-hour gillnetting. In conclusion, density of fish 
<20 cm was probably undestimated in Lake Gødstrup. Hence, density of prey fish 
was somewhat higher in Lake Gødstrup than in Lake Engelsholm, as would have 
been expected, since fish biomass generally increases with lake productivity (Persson 
et al., 1991; Jeppesen et al., 2000). 
 The community of fish <20 cm was numerically dominated by roach and perch 
in both lakes, with a combined contribution exceeding 90 % in both cases. However, 
the ratio between these two species was not the same; in Lake Engelsholm the ratio 
was close to 1:1, whereas it was approximately 2:1 in the favour of roach in Lake 
Gødstrup. A gradual increase in roach and concomitant decrease in perch density with 
increasing productivity is commonly observed in temperate lake systems (Persson et 
al., 1991; Jeppesen et al., 2000; Sandström & Karås, 2002), and reflects the 
superiority of roach in resource competition under eutrophic conditions (Persson, 
1983; Diehl, 1988). Hence, the relative numerical importance of roach and perch in 
Lake Engelsholm and Lake Gødstrup, respectively, was as could be expected. Bream 
only played a minor role in the two prey fish communities. In Lake Engelsholm the 
removal of adult individuals in 2005 apparently did not lead to a subsequent 
abnormally large recruitment as observed in roach. Despite substantial presence of 
larger bream in Lake Gødstrup (personal observation during other fieldwork), only 
few <20 cm were caught there as well.  
 
Why is antipredator behaviour reduced in turbid water? 

Regarding the mechanism behind the less constrained behaviour of prey fish in 
turbid water, one obvious question arises. Do the fish actually behave as they do 
because antipredator behaviours become ineffective, or are they simply not able to 
perceive the predation risk? This study provides no detailed answer to that question. 
Mainly because no precise measure of predation risk in the two study lakes are 
available.  

All that is known about the predation risk is that piscivorous pike and perch are 
present in both lakes, and that some adult pikeperch presumably inhabit Lake 
Gødstrup (juveniles were caught in gillnets). Whether the predators constitute a threat 
of the same magnitude to the prey fish in the two lakes, depends on population sizes 
and their hunting abilities in clear and turbid water, respectively. No quantification of 
predator densities was performed, besides that some of the largest perch included in 
the analyses were potential piscivores (at the same time as being potential prey of 
large pike). Nothing can thus be stated about pike density, but the smaller number of 
juvenile perch in Lake Gødstrup combined with the general trend of declining perch 
populations in eutrophic/turbid lakes (Persson et al., 1991; Jeppesen et al., 2000; 
Sandström & Karås, 2002), make it likely that there is a somewhat smaller proportion 
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of adult perch in Lake Gødstrup than in Lake Engelsholm. Concerning foraging 
efficiency, Skov et al. (2002) and Mauck & Coble (1973) found that pike fingerlings 
and juveniles, respectively, consumed as many prey fish in turbid/coloured as in clear 
water. On this basis it would be obvious to assume, that pike in general are fully 
capable of catching prey fish under turbid conditions. In the case of perch though, 
turbidity may hinder piscivory. The species presumably relies heavy on vision, since 
it has been reported to be an ineffective feeder in turbid water (Bergmann, 1988; 
Diehl, 1988; Pekcan-Hekim & Lappalainen, 2006). In summary, nothing indicates a 
difference in predation risk from pike in the two lakes, while it seems plausible that 
perch constitute a smaller predation pressure in Lake Gødstrup compared to Lake 
Engelsholm. The assumed presence of adult pikeperch could compensate somewhat 
for the potential reduction in perch predation in Lake Gødstrup, though. As opposed 
to perch, pikeperch are specialist predators that are well adapted to turbid/low light 
conditions (Ali et al., 1977; Popova & Sytina, 1977), and should thus be able to hunt 
efficiently in Lake Gødstrup.  
 Abrahams & Kattenfeld (1997) conducted a laboratory study with fathead 
minnows (Pimephales promelas) preyed upon by yellow perch (Perca flavescens), 
that demonstrated less predator avoidance behaviour among fathead minnows in 
turbid than in clear water, despite equal predation mortalities. The authors concluded 
that decreased efficiency of antipredator behaviour was the responsible mechanism, 
since fathead minnows are known to be able to perceive predation risk from alarm 
pheromones released from epidermal cells of conspecifics upon mechanical damage. 
The same applies for roach (Jachner, 2001; Jachner & Rydz, 2002), whereas perch 
and ruffe have been found to react to chemical cues released from pike predators 
(Ylönen et al., 2005). Thus, at least to some extent, the dominant species of the prey 
fish communities in the two study lakes are capable of percieving predation risk from 
non-visual cues. With this in mind, it seems most likely that also in this case 
antipredator behaviour was reduced in the turbid lake, because the benefits associated 
with performing it decreased.  
 
Ecosystem implications 
 The ecological consequences of the turbidity-induced behavioural changes in 
prey fish communities can be numerous. Werner et al. (1983) demonstrated that 
juvenile sunfish (Lepomis macrochirus) constrained in vegetative cover by presence 
of piscivorous largemouth bass (Micropterus salmoides) – an indirect effect of 
predation – suffered reduced growth compared to predator free environments. 
Simultaneously this led to increased growth among larger and more predation-prone 
sunfish, due to increased resource availability to those. Thus, indirect effects of 
predation changed the outcome of size/age-dependent intraspecific competition 
among prey fish. Other studies have shown that also interspecific competition can be 
affected by indirect effects of predation: When perch predators forced juvenile roach 
and perch to take refuge in structurally complex habitats, the advantage that roach 
normally has over perch in terms of foraging rate and growth rate was reversed 
(Persson, 1991). In complex structured habitats – which would be vegetated zones in 
a natural lake – perch are competitively superior, both because they are more efficient 
feeders there than are roach (Diehl, 1988), and because they can utilize the 
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macroinvertebrate prey associated with plant structures (Persson, 1993). On fish 
community level, such a competitive advantage of perch over roach would lead to a 
higher proportion of potantial piscivores. 
 Another possible consequence of indirect predation effects concerns the food 
resources of the prey fish. When planktivores reside in vegetated habitats to avoid 
predation in the daytime, as was the case in Lake Engelsholm, it could be 
hypothesized that their predation pressure on zooplankton would change. In support 
of this, Turner & Mittelbach (1990) and Jacobsen et al. (1997) found that populations 
of large-bodied cladocerans (e.g. Daphnia) only were able to coexist with dense 
planktivore populations when piscivores were present. Large-bodied cladocerans are 
more efficient phytoplankton grazers than are smaller sized zooplankton, for which 
reason a zooplankton community dominated by these is most likely to exert 
significant top-down control on phytoplankton biomass (Carpenter et al., 1985).  
 The results of this study confirmed that indirect effects of predation (on prey 
fish) mainly occur in clear water, and the above-mentioned factors are both of the 
kind that possibly could push the environmental state of a lake system toward a more 
clear watered situation, through cascading effects (Carpenter et al., 1985). Therefore, 
antipredator behaviour of prey fish, or the lack of it, could potentially play a role in 
alternative equilibria regarding lake environmental states (Scheffer et al., 1993).  
 
Conclusion 
 It was evident that the prey fish communities in the two study lakes displayed 
significant behavioural differences. In the clearwatered Lake Engelsholm the prey 
fish community as a whole displayed typical antipredator behaviour which was not 
the case in the turbid Lake Gødstrup. Thus, indirect effects of predation were only 
observed in the clearwater lake. Possibly, the constrained behaviour of prey fish in 
clear water can have stabilizing effects on the lake ecosystem, and thereby contribute 
to maintaining a clearwater state.  

This study provides a snapshot of the behaviour of potential prey fish in a turbid 
and a clearwater lake, and was based on a limited number of observations. 
Consequently, interpretation of the acquired results was not as straight-forward, as 
would probably have been the case if the number of observations had been somewhat 
higher. More comprehensive studies are needed to fully confirm the results of this 
work, and to investigate the observed patterns on a seasonal basis. 
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