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1. Gezien de voedselbeschikbaarheid in het Usselmeer voor eenzomerige snoekbaars zal 
een beheersmaatregel, die een vergroting van de thans zeer geringe paaistand tot 
gevolg heeft, direct leiden tot een verhoging van de oogst. 

2. Het overschakelen op het eten van vis bij eenzomerige snoekbaars in het Usselmeer 
is cruciaal voor de overleving. 

3. De stabiliteit in de oogst van baars ten opzichte van die van snoekbaars wordt 
veroorzaakt door compensatoire mortaliteit. 

4. In de visserij moet variatie in de oogst als een gevolg van variatie in aanwas als een 
fait accompli beschouwd worden. 

5. De omvang van de beschikbare gegevensbestanden voor dit proefschrift wijst erop dat 
analyses reeds in een eerder stadium hadden moeten plaatsvinden. 

6. De conclusie van Loftus: "Politicians are constrained in their effort to implement the 
long-range programs required in resource management, because they face short 
election cycles." is ook van toepassing op de Nederlandse situatie. 
K. H. Loftus. 1987. Inadequate science transfer: an issue to effective fisheries 
management. Trans. Am. Fish. Soc. 116: 314-319 

7. Bij overbevissing moet het verwijtende vingertje niet naar de vissers maar naar de 
beheerder uitgestoken worden. 

8. De aaibaarheidsfactor van het individu maakt discussies over de exploitatie van de 
populatie irrationeel. 

9. Het Rijn Actie Plan leidt meer tot het paaien van mensen dan tot het paaien van 
zalmen. 

10. Koolzuur en fosfaten belemmeren schaatsenrijders in hun voortbeweging. 

11. Het fungeren als lijdend voorwerp in deze studie was iets onbenijdbaars. 

12. De geringe aandacht van de politiek voor gokverslaving komt omdat de hiermee 
behepte personen een melkkoe zijn voor de staatskas. 

13. Het abrupt afzeggen van werkafspraken tijdens perioden met natuurijs is een 
geaccepteerde nationale afwijking. 

14. In troebel water is 't goed vissen. 

Stellingen behorend bij het proefschrift van A.D.Buijse: 
"Dynamics and exploitation of unstable percid populations". 

Wageningen, 13 mei 1992. 
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DANKWOORD 

Ik zou geen moment willen suggereren, dat het maken van dit proefschrift 
een one-man show is geweest. Daarom eerst dit dankwoord. 

Mijn keuze om in 1987 de functie als AIO te accepteren werd mede bepaald 
door het vertrouwen in mijn directe begeleider, Wim van Densen. Met name 
in het eerste jaar heb ik kunnen blindvaren op zijn ervaring met veldwerk en 
gedurende de hele periode op zijn inzichten in het uitgebreide aanbod van 
literatuur van de baarsachtigen en zijn "helicopter view" om werkzaamheden 
te overzien. 

Wetenschappelijk onderzoek heeft een zeker oneindig karakter, terwijl een 
AIO zich hoort te beperken tot de vier jaar waarbinnen de werkzaamheden 
worden afgerond. Naast wetenschappelijke begeleiding heeft mijn promotor 
Bram Huisman mij daar dikwijls op gewezen, wat geresulteerd heeft in het 
feit dat dit proefschrift nu voor u ligt. 

De bereidheid van Niels Daan, najaar 1990, als tweede promotor op te 
treden was een signaal dat ik op de goede weg was. Zijn gestructureerde 
kritiek op de manuscripten heeft tot wezenlijke verbeteringen geleid. 

Anderhalf jaar op dezelfde kamer en dan 's avonds nog een relativerend 
biertje pakken in de Vlaamse Reus. Joost Backx weet als geen ander hoe het 
onderzoek de ajgelopen jaren verlopen is. Zijn vriendschap en samenwerking 
zijn mij veel waard. 

Net zoals andere vakgroepmedewerkers en studenten heb ik dankbaar gebruik 
gemaakt van de computerkennis van Marcel Machiels. Zijn overgang van 
visteelt naar visserij beschouw ik als een waardevolle aanwinst voor onze 
"sectie". 

Studenten zijn de waterdragers van het wetenschappelijk onderzoek In 1987 
bestond de groep uit Alvean Fentener van Vlissingen, Jos Pet, Tim Vriese en 
Pieter Winkelmolen; in 1988 uit Sophie Brasseur, Rob Houthuijzen, Marcel 
Klinge en Ronald Lanters; in 1989 uit Bram Born, Tammo Bult, Rene" 
Remmerswaal en Wim van Zuilekom en in 1990 volledig uit Siebold van 
Breukelen. Deze groep stimuleerde mij om er vier jaar enthousiast mee door 
te gaan. Het werk van sommigen heb ik reeds kunnen vervatten in 
wetenschappelijke publikaties. Voor anderen zal ik mij in de toekomst nog 
inzetten. 



Somen met Ad van der Sluiszen was het mogelijk om al na korte tijd 
routinematig monstertochten op het IJsselmeer uit te voeren. Er is letterlijk 
niets in het water gevallen. 

Ik ben verheugd, dat de samenwerking met de zoetwaterafdeling van het 
Rijksinstituut voor Visserijonderzoek gedurende het project steeds beter is 
gaan verlopen. Ik vond bij Willem Dekker en Leo Schaap altijd de bereidheid 
om mij met mijn onderzoek te helpen. 

Henk Oudelaar heeft er zorg voor gedragen, dat er sinds 1966 proejvisserijen 
op het IJsselmeer zijn uitgevoerd. Het bestaan van deze gegevensbestanden 
vormt een van de belangrijkste poten onder mijn proefschrift. 

Ik heb veel met de computer geprutst om een fatsoenlijk kaartje van het 
IJsselmeer te produceren. Het handwerk van Karel Boekhorst leidde echter 
tot betere resultaten. 

Uitwisseling van gedachten met de andere medewerkers van de vakgroep 
Visteelt en Visserij vond meestal plaats boven een kop koffie: constructief en 
lekker luchtig. 

Ik ben altijd met plezier gaan monsteren op het IJsselmeer, wot mede te 
danken is aan het vakmanschap van en de samenwerking met de bemanning 
van de "Stern": Cees de Rooy, Sjaak Timmermans, Ab Bregman en Joop 
Markenstein. 

Het LEB-fonds en het Produktschap voor Vis en Visprodukten hebben 
jinancieel bijgedragen aan de totstandkoming van dit proefschrift. Jaap van 
der Peyl was bereid dit proefschrift zonder zakelijke onderhandelingen 
grafisch vorm te geven. 

Er is leven naast de promotie. Een "rondje Posbank" met de fiets op een 
zwoele zomeravond of lekker bochtjes lopen op de Vechtse Banen doen je 
een werkdag vergeten. De gezelligheid en positieve competitie van de "Schaats 
Trainingsgroep Wageningen" wordt dan ook zeer gewaardeerd. Het werk en 
het leven mag ik ook graag boven een of ander glas Belgisch bier evalueren. 
Gelukkig hoef ik dat nooit alleen te doen en vind bij mijn huisgenoten, Bert 
en Siebold, bijna altijd een droge keel en een gewillig oor voor een goed 
gesprek. 

Daamaast zijn er nog vele personen die anoniem wilden blijven. Zij weten 
dat ik hun steun en vriendschap op grote prijs stel. 



SUMMARY 

The gill net fishery on perch (Perca fluviatilis) and especially the highly 
valued pikeperch (Stizostedion lucioperca) in Lake Ussel is characterised by 
large variations in the yield. These variations are caused by variations in year-
class strength in combination with the high exploitation rate. In the present 
study a start has been made to explain the causes for variations in year-class 
strength. In addition, possible management measures are evaluated for their 
effectiveness in optimising yield. The possibilities for yield optimisation depend 
on the dynamics of the stocks. Dynamics are determined by recruitment, growth 
and mortality. The development in the stocks and the fishery has been 
documented in the past to some extent. Surveys have been conducted since 
1966, mainly using a bottom trawl. However, the information obtained through 
these surveys on the fish stocks had hardly been analysed until now. The 
present study comprises analyses of these historical trawl surveys on the one 
hand and of detailed field observations conducted from 1987-1989 on the other. 
Results were used as input for a size- and age-structured simulation model. This 
model is developed to evaluate the effectiveness of various management 
measures to enlarge and stabilise the yield. 

Bottom trawl surveys are carried out every autumn to estimate the relative 
abundance of six major fish species, with particular reference to pikeperch and 
perch. It is generally supposed among fishermen that the catchability of these 
species is influenced by light intensity at the bottom, which in this study was 
characterised by water depth and water clarity as measured by a Secchi-disk. 
In autumn, water clarity may change greatly from day to day because of wind-
mediated re-suspension of sediments. Catchability of ruffe (Gymnocephalus 
cernua) and age 0 pikeperch showed a significant inverse relationship with light 
intensity at the bottom and, therefore, a correction should be made when catch 
data for these species are used to estimate population size or year-class strength. 
Results were not consistent for perch, while for smelt (Osmerus eperlanus), 
roach (Rutilus rutilus) and bream (Abramis bratna) the influence of light 
intensity upon catchability was not significant. Corrected and uncorrected 
estimates of the abundance of age 0 pikeperch, based on trawl samples, were 
compared to demonstrate the effect of water clarity. The correction was 
marginal for the historical trawl surveys, because sampling was mainly done 
when conditions were good. Increased water clarity by net avoidance behaviour 
may lead to zero catches and consequently diminish the effectiveness of 
sampling programmes. Based on the present analysis, surveys can be optimised 
by interrupting them when zero catches are likely to occur. For the assessment 
of age 0 pikeperch abundance, surveys should be interrupted when the ratio 
between water depth and water clarity is smaller than eight. 



Recruitment, indexed as the age 0 abundance in bottom trawls, of perch 
varied 400-fold and of pikeperch 70-fold over the period 1966-89. Year-class 
strength variation of perch in Lake IJssel was higher than observed in Perca 
spp. in other waters according to the literature, while for pikeperch it fell 
within the observed range of Stizostedion spp.. Hypotheses were formulated on 
the possible relationship between recruitment and stock biomass, prey fish 
availability, water temperature and wind velocity. For perch 36% to 71% of the 
variation in recruitment could be explained by stock biomass of piscivorous 
fish, water temperature, and year of sampling; for pikeperch 38% to 86% could 
be explained by water temperature, wind velocity and year of sampling. For 
both species strong year-classes were favoured by low temperatures in April 
and by high summer temperatures; a late increase in water temperature to above 
8°C and a high warming rate thereafter, probably resulting in postponed 
spawning and rapid development, favoured recruitment of perch. Stock-
recruitment relationships could not be demonstrated. The impact of the 
commercial fishery, which possibly accounted for the significant correlation 
between year of sampling and year-class strength, and of fish-eating birds might 
have clouded interactions among fish species. Based on this analysis, it is 
concluded that recruitment will be very difficult if not impossible to manage. 

The positive effect of warm summers on recruitment of age 0 pikeperch is 
most probably caused by its faster growth at higher temperatures than that of 
its potential prey, age 0 smelt. Mean length of age 0 pikeperch in November 
correlated strongly with mean summer temperature. Depending on the 
environmental conditions (especially water temperature and availability of food) 
the unimodal length frequency distribution of age 0 pikeperch developed into 
a positively skewed, bimodal or negatively skewed distribution towards the end 
of the summer. Strong year-classes were characterised by larger mean lengths, 
and a negatively skewed frequency distribution, while weak year-classes were 
smaller and positively skewed. Body energy content increased with fish length 
and differences in body constituents were more pronounced later in the season. 
The condition of non-piscivorous age 0 pikeperch was low and decreased over 
time, while that of piscivorous pikeperch increased over time. The onset of 
piscivory, favoured by high temperatures during summer, has a direct positive 
effect on the growth and survival of age 0 pikeperch. 

Also for perch the onset of piscivory has a positive effect on growth. Growth 
and size distributions of perch were studied in relation to prey choice and water 
temperature. Growth of age 0 perch is density-dependent and positively 
influenced by high summer temperatures. Between 10 and 20 cm perch 
switched from a diet of zooplankton and macrofauna (Neomysis integer and 
Gammarus spp.) towards fish. Age 0 European smelt was the main fish prey. 
The onset of piscivory occurred at a larger length when mean length of 



daphnids was large or when age 0 smelt densities were low. Growth was faster 
for piscivores than for non-piscivores. Consequently, size distributions of 
cohorts of which only the larger ones were piscivorous became positively 
skewed, and initial growth differences between males and females were 
enhanced. Besides age 0 smelt, perch also fed on age 1 smelt, age 0 perch and 
age 0 ruffe, but Ivlev indices revealed a preference for age 0 smelt. 
Cannibalism by older age-groups was rare when recruitment was low, but 
became common when age 0 densities of perch were high. It is concluded that 
smelt plays a key role in the population dynamics of both pikeperch and perch, 
because it facilitates the onset of piscivory thereby enhancing growth and in 
case of pikeperch also survival. Moreover it buffers cannibalism. 

A size- and age-structured simulation model is presented for evaluation of 
management measures for multispecies gill net fisheries. Data on the dynamics 
and exploitation of pikeperch and perch were used as parameters for the model. 
The model takes size distributions within age-groups into account. In the model, 
growth is determined by length and temperature and dispersion in size 
distributions is controlled by the 'fractional boxcar train' method. The model 
is applied to evaluate the integrated short-term and long-term effects of 
management measures such as mesh size regulations, fishing effort limitations 
and combinations of both on the biomass, the size and age structure of the stock 
and of the yield. Changes in yield during the transitional period after a 
management measure has been implemented, can be quantified. 

Finally a simple method is used, which relates the variation in the yield to 
the variation in recruitment and the exploitation pattern per species. This model 
neglects stock-recruitment relationships and other density-dependent processes, 
i.e. the model takes variations in year-class strength for granted and evaluates 
its consequences for management. It is shown that in case of the Lake IJssel gill 
net fishery a larger number of age-groups in the catch reduces the inter-annual 
variation in the yield caused by variable recruitment only to a small extent. 
Based on their age 0 abundance during the autumn trawl surveys the yield of 
that year-class can be predicted. For perch the upper and lower 95% confidence 
limits around this prediction differ by a factor 1.6 and for pikeperch by a factor 
2.7. As a consequence of the large variations in year-class strength and the 
uncertainties in yield prediction, it will be almost impossible to demonstrate the 
effect of altered management, if the increase in yield merely comprises a higher 
yield per recruit. Perhaps the largest gain in yield for the gill net fishery is 
achieved by enlarging the spawning stock biomass of pikeperch especially. 
More extreme measurements like e.g. temporarily closing the fishery at the 
southern part of Lake IJssel, might provide the insights for this. 

I l l 



SAMENVATTING 

In het IJsselmeer wordt de kieuwnetvisserij op baars {Perca fluviatilis) en 
vooral die op de waardevolle snoekbaars (Stizostedion lucioperca) 
gekarakteriseerd door grote variaties in de oogst. Deze variaties worden 
veroorzaakt door variaties in jaarklassterkte en door een hoge exploitatiedruk. 
In deze studie is getracht een verklaring te vinden voor de variaties in 
jaarklassterkte. Daarnaast is geevalueerd hoe de visserij beheerd zou moeten 
worden om de oogst te optimaliseren. De mogelijkheden tot oogstoptimalisatie 
zijn afhankelijk van de dynamiek van de visbestanden. De dynamiek wordt 
bepaald door recrutering, groei en sterfte. De ontwikkeling in de visstand en de 
visserij zijn in de loop der tijd ten dele gedocumenteerd. Zo zijn er sinds 1966 
proefvisserijen op het IJsselmeer uitgevoerd. Dit gebeurde hoofdzakelijk met 
een grote aalkuil. De informatie over de visstand, die in deze gegevens 
opgeslagen ligt, was tot op heden onderbenut. De huidige studie bestaat uit een 
analyse van deze historische kuilbemonsteringen enerzijds en van gedetailleerde 
veldwaarnemingen gedurende de periode 1987-1989 anderzijds. De resultaten 
zijn gebruikt als invoergegevens voor een lengte- en leeftijd-gestructureerd 
simulatiemodel. Dit model is ontwikkeld om de mogelijkheden tot verhoging en 
stabilisering van de oogst van een kieuwnetvisserij op basis van diverse 
beheersscenario's te evalueren. 

Kuilbemonsteringen zijn ieder najaar uitgevoerd om de relatieve abundantie 
van zes belangrijke vissoorten, vooral die van snoekbaars en baars, te schatten. 
Het algemene idee, dat bij de beroepsvissers leeft, is dat de vangbaarheid van 
deze soorten wordt be'i'nvloed door de lichtintensiteit bij de bodem, dat hier 
gekarakteriseerd is als de verhouding tussen de totale diepte en de zichtdiepte 
van het water, welke laatste gemeten is met een Secchi-schijf. In het najaar kan 
de helderheid van dag tot dag sterk varieren als gevolg van het door de wind 
opgewerveld bodemmateriaal. De vangbaarheid van pos (Gymnocephalus 
cernua) en 0+ snoekbaars daalde bij een toenemende lichtintensiteit bij de 
bodem. Daarom zouden vangstgegevens van deze soorten gecorrigeerd moeten 
worden als ze gebruikt worden om bestandsomvang en jaarklassterkte te 
schatten. De resultaten waren niet eenduidig voor baars, terwijl voor spiering 
(Osmerus eperlanus), blankvoorn (Rutilus rutilus) en brasem (Abramis brama) 
geen significant effect van het lichtintentisiteit op de vangbaarheid kon worden 
aangetoond. Voor lichtintensiteit gecorrigeerde en ongecorrigeerde schattingen 
van dichtheden van 0+ snoekbaars zijn met elkaar vergeleken om het effect van 
de helderheid van het water te demonstreren. De consequenties voor de 
historische gegevens bleken gering, omdat bemonsteringsprogramma's 
hoofdzakelijk uitgevoerd zijn bij goede vangstomstandigheden (troebel water). 
Een grotere helderheid van het water kan door netontwijkingsgedrag leiden tot 
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'nul'-vangsten, die de effectiviteit van monsterprogramma's verminderen. De 
huidige analyse biedt de mogelijkheid om bemonsteringsprogramma's te 
optimaliseren door ze te onderbreken indien de vangstomstandigheden doen 
veronderstellen dat de kans op 'nul'-vangsten groot wordt. Voor schattingen van 
de dichtheden van 0+ snoekbaars betekent dit dat de bemonstering onderbroken 
zou moeten worden als de verhouding tussen de totale diepte en de zichtdiepte 
van het water minder dan 8 bedraagt. 

De jaarklassterkte (recrutering) wordt in het Usselmeer geindexeerd als het 
aantal 0+ vissen per standaard kuiltrek tijdens najaarsbemonsteringen. Voor 
baars varieerde de jaarklassterkte met een factor 400 en voor snoekbaars met 
een factor 70 over de periode 1966-1989. De jaarklassterktevariatie van baars 
in het Usselmeer was sterker dan elders beschreven voor Perca spp., terwijl die 
van snoekbaars binnen de elders waargenomen variatie in jaarklassterkte van 
Stizostedion spp. viel. Er zijn hypothesen geformuleerd over de mogelijke 
relaties tussen recrutering enerzijds en bestandsomvang, beschikbaarheid aan 
prooivis, watertemperatuur en windsnelheid anderzijds. Voor baars kon 36% 
tot 71% van de variatie in recrutering verklaard worden door variaties in het 
bestand aan visetende roofvis, in de watertemperatuur en door het jaar van 
bemonstering. Voor snoekbaars kon 38% tot 76% verklaard worden door de 
watertemperatuur, de windsnelheid en het jaar van bemonstering. Sterke 
jaarklassen ontstonden voor beide soorten in jaren met lage temperaturen in 
april en in jaren met hoge zomertemperaturen. De met de lage temperatuur in 
april samenhangende late stijging van de watertemperatuur tot boven de 8°C en 
de snelle temperatuursstijging daarna, waarschijnlijk resulterend in een 
uitgestelde paai en een snelle ontwikkeling, had een positief effect op de 
recrutering van baars. Een relatie tussen de omvang van het bestand en de 
recrutering kon niet worden aangetoond. De toenemende invloed van de 
commerciele aalvisserij, die mogelijk de oorzaak is voor de relatie tussen het 
jaar van bemonstering en de jaarklassterkte, en van de visetende vogels zouden 
de interacties tussen de vissoorten bei'nvloed kunnen hebben. Op grond van deze 
analyse lijkt de recrutering moeilijk en zo mogelijk niet beheersbaar te zijn. 

Het positieve effect van warme zomers op de recrutering van 0+ snoekbaars 
wordt waarschijnlijk verklaard doordat de 0+ snoekbaars bij hogere 
temperaturen sneller groeit dan zijn potentiele prooi, 0+ spiering. De 
gemiddelde lengte van 0+ snoekbaars in november correleerde sterk met de 
gemiddelde zomertemperatuur. Afhankelijk van de omgevingscondities (vooral 
watertemperatuur en voedselbeschikbaarheid) ontwikkelden in de zomer nog 
eentoppige lengtefrequentieverdelingen van 0+ snoekbaars zich tegen net eind 
van de zomer in rechts-scheve, tweetoppige of links-scheve verdelingen. Sterke 
jaarklassen worden gekarakteriseerd door een grotere gemiddelde lengte en een 
links-scheve verdeling, en zwakke jaarklassen door een kleinere gemiddelde 



lengte en een rechts-scheve verdeling. De energieinhoud per gewichtseenheid 
van 0+ snoekbaars nam toe met de lengte en dit verschil werd later in het 
seizoen sterker. De conditie van de kleinere 0+ snoekbaars, die geen vis at, 
was laag en nam af door de loop van de tijd, terwijl die van de grotere 
visetende 0+ snoekbaars juist toenam. De overgang naar het eten van vis, 
bevorderd door hoge zomertemperaturen, heeft een direct positief effect op de 
groei en overleving van 0+ snoekbaars. 

Ook voor baars heeft de overgang naar het eten van vis een positief effect op 
de groei. De groei en grootteverdelingen van baars zijn onderzocht in relatie tot 
voedselkeuze en watertemperatuur. De groei van 0+ baars is 
dichtheidsafhankelijk en wordt positief beinvloed door hoge zomertemperaturen. 
Tussen 10 en 20 cm schakelt baars over van een dieet bestaande uit zooplankton 
en macrofauna (aasgarnaal Neomysis integer en vlokreeft Gammarus spp.) op 
het eten van vis. 0+ Spiering was de belangrijkste prooivis. De overgang vond 
bij een grotere lengte plaats als de gemiddelde lengte van watervlooien 
(Daphnia spp.) groot was of de dichtheden van 0+ spiering laag. Indien alleen 
de grootste vissen viseter waren resulteerde dit in het links-scheef worden van 
grootteverdelingen en in het versterken van groeiverschillen tussen mannetjes 
en vrouwtjes. Baars at naast 0+ spiering ook 1+ spiering, 0+ baars en 0+ 
pos. Kannibalisme door oudere leeftijdsgroepen was zeldzaam wanneer de 
dichtheden van 0+ baars laag waren, maar was algemeen bij hoge dichtheden. 
Geconcludeerd kan worden, dat spiering een sleutelrol speelt in de 
populatiedynamiek van snoekbaars en baars, omdat het de overgang naar het 
eten van vis vergemakkelijkt en daarbij de groei en in het geval van snoekbaars 
ook de overleving bevordert. Bovendien buffert spiering het kannibalisme. 

Er is een grootte- en leeftijd-gestruktureerd simulatiemodel ontwikkeld ten 
behoeve van de evaluatie van beheersscenario's voor kieuwnetvisserijen. 
Gegevens over de dynamiek en exploitatie van snoekbaars en baars in het 
IJsselmeer zijn gebruikt als parameters voor het model. Het model houdt 
rekening met de grootteverdelingen binnen leeftijdsgroepen. In het model wordt 
de groei bepaald door de lichaamslengte en de watertemperatuur. De spreiding 
in grootteverdelingen wordt gestuurd door de 'fractional boxcar train' methode. 
Het model is toegepast om zowel korte- als lange-termijn effecten van 
beheersmaatregelen zoals maaswijdtevoorschriften, beperking van de 
visserijinspanning of een combinatie van beide op de omvang, de grootte- en 
leeftijdsstruktuur van de visstand en de oogst te evalueren. Ook veranderingen 
in de oogst tijdens de overgangsperiode na het implementeren van een 
beheersmaatregel kunnen worden geevalueerd. 

Tenslotte is een eenvoudig model gebruikt, dat de variatie in de totale oogst 
relateert aan de variatie in recrutering. Het model negeert mogelijke interacties 
tussen bestand en recrutering en andere dichtheidsafhankelijke processen. Met 

vi 



andere woorden variaties in jaarklassterkte worden opgevat als een fait 
accompli. Het model laat zien dat voor de kieuwnetvisserij op het Usselmeer 
een groter aantal leeftijdsgroepen in de oogst de bestaande variatie veroorzaakt 
door variabele recrutering nauwelijks kan dempen. Op grond van de aantallen 
0+ baars en snoekbaars in de aalkuil tijdens najaarsbemonsteringen kan de 
toekomstige oogst van een bepaalde jaarklasse worden voorspeld. Voor baars 
verschillen de boven- en ondergrens van het 95% betrouwbaarsheidsinterval een 
factor 1.6 en voor snoekbaars een factor 2.7. Als gevolg van de grote variatie 
in jaarklassterkte en de onzekerheid in de oogstvoorspelling zal het praktisch 
onmogelijk zijn effecten van beheersmaatregelen aan te tonen, indien de 
toename in de oogst als gevolg van beheersmaatregelen zich alleen maar 
effectueert via een hogere gemiddelde opbrengst per recruut. De grootste 
oogstverbetering voor de kieuwnetvisserij wordt mogelijk verkregen door het 
vergroten van het paaiend bestand van met name snoekbaars. Een meer 
experimentele benadering van het beheer, zoals bijvoorbeeld het enige jaren 
sluiten van de visserij op het zuidelijk deel van Usselmeer, zouden op dit punt 
meer inzichten kunnen verschaffen. 
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Chapter 1 

INTRODUCTION TO THE THESIS 

Eel (Anguilla anguilla), pikeperch {Stizostedion lucioperca) and perch (Perca 
fluviatilis) are the major fish species of commercial value for the Lake Ussel 
fishery. The stocks of pikeperch and perch are at present exploited by a 
commercial fishery which mainly uses 101 mm stretched mesh gill nets. 
According to Willemsen (1983), the pikeperch stock is growth-overfished. The 
present yield of pikeperch is very low and has always been highly variable 
(Buijse et al. 1991; Van Densen et al. 1990). Perch grows slower than 
pikeperch and recruits to the fishery at a higher age (Willemsen 1977), and 
appears to be more rationally exploited than pikeperch. A more rational, less 
intensive exploitation of pikeperch could at the same time result in a decline of 
the perch catches. 

To exploit a fish stock, its dynamics should be quantified. The dynamics are 
a function of recruitment, growth, natural and fishing mortality and migration. 
Recruitment of pikeperch and perch in Lake IJssel is highly variable and the 
growth is rapid in comparison with other systems (Willemsen 1977). Natural 
mortality had yet not been quantified. Migration in and out of Lake IJssel was 
not taken into account in this study. The causes for variations in year-class 
strength and growth of pikeperch and perch in Lake IJssel and their implications 
for a rational exploitation of both species by the gill net fishery, aiming for 
yield maximisation and stabilisation, were subject of this study. 

The methodology of this study consists of three parts: (1) analysis of long-
term data sets, (2) collection and analysis of fishery-independent field data, and 
(3) model building. Data on the fish stocks in Lake IJssel have been collected 
mainly by means of experimental trawl surveys since 1966 by the Department 
of Coastal and Inland Fisheries and Cultures, Ministry of Agriculture, Nature 
Management and Fisheries (Steinmetz and Oudelaar 1971). Market sampling of 
the landings by the gill net fishery has been conducted since 1968 by the 
Netherlands Institute for Fishery Research in IJmuiden. Long-term data sets on 
water temperatures and weather conditions were used in the analysis. Field 
observations from 1987 to 1989 consisted of experimental trawl surveys to 
collect data on growth and abundance of the major fish species (except eel) and 
feeding habits of pikeperch, perch and smelt, and of water samples to collect 
data on abundance and size structure of the zooplankton. Model building 
comprised the development of a size- and age-structured model to evaluate 
management measures for enlargement and stabilisation of the yield of the gill 
net fishery. 



This introduction starts with a description of the history of commercial 
fishery in Lake Ussel and continues with an outline of the various chapters of 
this thesis. 

History of the Lake Ussel fishery with special attention to the exploitation of 
perch and pikeperch 

Formerly Lake Ussel was an estuary named 'Zuiderzee'. The Zuiderzee was 
closed from the sea after being dammed in 1932. The rapid transition from 
brackish (6 g Cl.L1) in 1932 to fresh water (0.2 g Cl.L1) by 1937 (Havinga 
1941) resulted in extreme changes in the fish stocks and in the fishery. The 
Zuiderzee fishery mainly exploited the stocks of anchovy (Engraulis 
encrasicolus), herring (Clupea harengus), eel, smelt (Osmerus eperlanus), 
flounder (Platichthys flesus) and shrimp (Crangon crangon) (Dorleijn 1987). 
Eel, smelt and flounder were the only species which were abundant before and 
after the lake became fresh. In the newly created Lake Ussel the fishery for eel 
was of main importance supplemented with those for pikeperch and perch. Land 
reclamation programmes reduced the area from its original 345,000 ha to its 
present 182,000 by the creation of three polders. This gradual reduction in 
surface area asked for an active policy to reduce the number of fishing 
companies to a level at which all of them were profitable (Anonymous 1956). 
In 1946 913 companies were involved in the fishery, while by 1981 there were 
only 119 companies left (Nagtegaal and Snel 1984). 

After the damming of the inland sea the fishery was initially executed with 
both active fishing gear (bottom-trawls for eel, two-boat seines for pikeperch 
and perch) and passive fishing gear (fyke nets for eel and smelt, gill nets for 
pikeperch and perch, long lines for eel and beach seines for cyprinids) (Van 
Densen et al. 1990). Most active fishing gears have been banned through time; 
the two-boat seines in 1964 and the bottom-trawl in 1970. The bottom-trawl for 
eel was banned due to the large by-catch, which comprised, besides smelt and 
ruffe (Gymnocephalus cernua), large numbers of juvenile pikeperch and perch, 
but also because of requests by the sport fishery organisations, to whom the 
government attached an increasing importance (Bossaers 1987, p. 205). The ban 
on bottom-trawling is regarded the most drastic management measure in the 
history of the Lake Ussel fishery, because the landings of eel decreased sharply 
and to date never reached the level prior to 1970 (Van Densen et al. 1990). 
After the ban on trawling for eel fishermen switched towards eel-boxes and 
shoot-fyke nets, which are both placed in the open water area. At present 
trawling is allowed only for smelt provided it is used as bait for long lines and 
eel-boxes. Since the ban on two-boat seining the stocks of pikeperch and perch 



in Lake Ussel are commercially exploited with gill nets mainly. Some perch are 
caught with fyke nets and long lines. 

The fishery for eel has always been more important than that for other 
species, although the relative contribution of pikeperch, perch and smelt has 
increased since the ban on trawling in 1970 (Fig. 1). From 1947 to 1970 
pikeperch and perch comprised together on average 11% (min.: 3% in 1967; 
max.: 19% in 1955) of the total outcome of the fishery, while from 1970 to 
1990 the two species together comprised on average 32% (min.: 13% in 1970; 
max.: 47% in 1971). The increase in the contribution of percids is mainly a 
consequence of lower eel catches since 1970, and partly of the increased catches 
of perch (Table 1). The catches of pikeperch raised shortly after the ban on 
bottom-trawling, but the long-term average did not differ from the one prior to 
1970. In the 1980s perch became more important than pikeperch for the fishery 
(Fig. 1). 
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Fig. 1. Relative contribution by value of eel, pikeperch, perch and other fish to the 
yield of the commercial Lake Ussel fishery (left axis), and the outcome of this 
fishery in 1975-guilders.ha"1 (right axis) over the period 1947-1990. 

The catches of pikeperch and to a lesser extent those of perch have always 
been highly variable. After damming, the catches of pikeperch rose quickly 
from 1,5 tons in 1935 to 2,662 tons in 1939. The highest annual catch of 
pikeperch was 3,087 tons (10.4 kg.ha*1) in 1949, while that of perch was 848 
tons (4.2 kg.ha"1) in 1981. The fishery for pikeperch has known three good 



periods, which were always after events which had a large impact on the 
fishery: shortly after the damming, after World War II, and after the ban on 
bottom-trawling. In the early 1930s there was no specific fishery for pikeperch 
and perch. Only after the fish stocks had increased, more fishing companies 
started to exploit these species. Especially the high catches in 1939 resulted in 
a boom of the fishery (Havinga 1948a). Havinga estimated that in the season 
1939-1940 80% of the legal-sized pikeperch were removed by the fishery. The 
fishery during World War II was hampered by a prohibition of bottom-trawling 
at night, a shortage of fishing materials, rations of oil, and claims of fishing 
boats for transport of military troops (Bossaers 1987 p. 183-187). Possibly, this 
has resulted in a recovery of the fish stocks and the fishery in the late 1940s. 

Table 1. Mean long-term annual catches of eel, perch and pikeperch in kg.ha"1 before 
and after the ban on bottom-trawling in 1970. 

eel pikeperch perch 

1947-1969 10.4 2.2 0.8 
1970-1990 4.2 2.1 2.9 

Compared with other systems the variation in yield is high for pikeperch and 
moderate for perch. The coefficient of variation in the annual yield over the 
period 1947-1987 was 95% and 76% and-the year-to-year variation was 65% 
and 27% for pikeperch and perch respectively (Buijse et al. 1991). Already 
Havinga (1948a,b) argued that the high variation in the annual catches of 
pikeperch is due to variations in spawning success and to a high exploitation 
rate. The variation in year-class strength is larger for perch than for pikeperch 
(Chapter 3; Willemsen 1977). Nevertheless, the variation in yield is larger in 
pikeperch, because the catch consists of less age-groups due to the higher 
exploitation rate (Willemsen 1977). 

Historically, the fishery for pikeperch and perch has only been regulated by 
means of mesh sizes and closed periods. An attempt was made to increase the 
mesh size to 100 mm in 1950. This measure has actually never been 
implemented due to protests by a cooperative association of Lake IJssel 
fishermen ('Cooperatieve Vereeniging van IJsselmeervisschers'), who 
questioned the effectiveness of the measurement (Bossaers 1987 p. 191). 
Eventually the legal minimum mesh size was fixed at 92 mm stretched mesh by 
1953 (Anonymous 1954, p. 35), and enlarged to 96 mm in 1967 (Van Densen 
et al. 1990). By 1972 the mesh size was enlarged to 104 mm, which after the 
introduction of a new measuring apparatus in 1974 was lowered to 101 mm 



(Anonymous 1973, p. 237; Anonymous 1975, p. 255). Mesh size regulations 
for the gill net fishery have been based on length at maturity of female 
pikeperch and not on yield per recruit considerations. The gill net selection 
factor (total length of fish most effectively caught over the mesh size) for 
pikeperch is 0.48 (Van Densen 1987), which implies that 48 cm pikeperch are 
most efficiently caught in 101 mm gill nets, whereas 50% of the females are 
mature at 40 cm body length (Willemsen 1977). Until recently the effort was 
only limited by closed periods. The closed period for the gill net fishery was 
from 15 March to 1 July and since 1979 during weekends (Van Densen et al. 
1990). By 1991 a gentleman's agreement among all fishing companies made it 
possible to standardise the effort per company to a maximum of 80 
multifilament or 60 monofilament gill nets. 

Standardisation of the recruitment indices 

Recruitment of percids in Lake Ussel is indexed as the number of age 0 fish 
caught per standard trawl haul during autumn surveys. Age 0 fish have been 
sampled since 1966 by the Department of Coastal and Inland Fisheries and 
Cultures, Ministry of Agriculture, Nature Management and Fisheries. This 
survey is lake-wide covering multiple sites, and one haul is carried out at each 
site. Sampling has been standardised by gear type, towing speed and later also 
by haul duration. One characteristic of their survey was the large flexibility in 
when and where to sample. For instance, the survey was not carried out in a 
predefined week, but favourable sampling were awaited i.e. a period with high 
water turbidity due to wind action. It is common knowledge among fishermen 
that catches decrease with increasing water clarity. Decisions whether to sample 
or not were taken by the seat of one's pants, and sampling conditions during a 
trawl haul were recorded as good, moderate or bad (Steinmetz and Oudelaar 
1971). 

During the field observations from 1987 to 1989 the same sites were selected 
to be able to compare newly collected data with historical data sets collected 
from 1966 to 1986. The surveys during this period had to be planned one year 
in advance and thus sampling conditions had to be taken for granted. 
Consequently this sampling programme was never interrupted during periods 
of unfavourable sampling conditions. Therefore it was attempted to estimate the 
effect of water clarity on the catchability of fish in a bottom trawl. 

Another routine trawl survey, conducted by the Netherlands Institute for 
Fisheries Research, offered the possibility to quantify the effect of variable 
water clarity on the catchability of six important freshwater fish species with a 
bottom trawl. This survey comprised multiple hauls in two selected areas. The 
results of this analysis are described in Chapter 2. 



Causes for variations in growth and year-class strength 

Fish populations vary because of density dependent and independent 
processes that determine recruitment, growth, and natural and fishing mortality 
(Sissenwine 1984). Koonce et al. (1977) give an overview of factors influencing 
year-class strength of percids. Explanatory factors given for the variation in 
year-class strength of pikeperch and walleye (Stizostedion vitreum) are rate of 
warming during springtime (Busch et al. 1975), lake level and temperature 
(Kallemeyn 1987), cannibalism and the absence of alternative prey (Forney 
1976, 1980). Factors influencing year-class strength in perch or yellow perch 
(Perca flavescens) populations are temperature (Clady 1976; Henderson and 
Nepszy 1988; Kallemeyn 1987; Mills and Hurley 1990), wind damage to eggs 
(Clady 1976), lake level (Kallemeyn 1987), stock size (Henderson and Nepszy 
1988, Mills and Hurley 1990), predation by pike (Esox lucius) in Windermere 
(Mills and Hurley 1990) and walleye in Oneida Lake (Nielsen 1980). Havinga 
(1948b) supposed that strong year-classes of pikeperch in Lake IJssel were 
produced in years when temperatures in May and June were above average. 
The variation in numbers of age 0 of pikeperch and perch during experimental 
fisheries in the 1940s illustrates the large variation in recruitment (Table 2). 
According to Willemsen (1977) recruitment and growth of pikeperch in Lake 
IJssel are positively influenced by high summer temperatures, whereas no clues 
were found for variations in recruitment of perch. For both species, a stock-
recruitment relationship was not demonstrated by Willemsen (1977). 

Long-term data sets exist on the fish stock in Lake IJssel, the water 
temperature and the wind velocity. To quantify the effect of water temperature, 
wind and stock biomass on the recruitment of pikeperch and perch a stepwise 
multiple regression analysis was carried out using these data sets (Chapter 3). 

Causal mechanisms for the positive effect of high summer temperatures on 
recruitment of pikeperch have yet not been reported in the literature. The onset 
of piscivory as a year-class determining process has already been stressed for 
largemouth bass (Shelton et al. 1979; Timmons et al. 1980; Wicker and 
Johnson 1987) and pikeperch (Van Densen 1985). Wicker and Johnson (1987) 
related fat content and condition of largemouth bass to first-year survival. In 
Chapter 4 the condition of pikeperch is related to feeding, growth and survival 
of age 0 fish, and the effect of water temperature in relation to the onset of 
piscivory is discussed. 

Chapter 5 gives a detailed description of the feeding habits of perch and the 
consequences for its growth. A generalised picture of the food and the growth 
has been given by Willemsen (1977). Up to 5 cm zooplankton is the most 
important food item, between 5 and 10 cm zooplankton and Gammarus spp., 
and over 10 cm smelt. Mean length at age in Lake IJssel was rapid compared 



to other systems (Shafi and Maitland 1971; Thorpe 1977 p. 51). Deelder (1951) 
suggests that this rapid growth is due to the availability of smelt as a prey. In 
this chapter, the flexibility in the onset of piscivory is related to the availability 
of alternative prey. The relevance of this chapter for the management of the 
fishery is at present less than that of Chapters 3 and 4. However, studying the 
feeding habits of perch enlarged the insights in the dynamics of the ecosystem, 
especially the predator-prey relationship between perch and smelt. With this 
study it is possible to characterise the impact of the piscivorous perch on its 
own offspring and the buffering capacity of smelt as a fish prey, which 
information was used for the analysis of long-term data in Chapter 3. Such 
information is used for management decisions of the gill net fishery on perch 
in Lake Constance, where active adaptive management by means of flexible 
mesh size regulations is used to keep the stock of larger cannibalistic perch to 
a minimum to reduce its negative impact on recruitment (Staub and Kramer 
1991). 

Table 2. Mean number of age 0 pikeperch and perch per haul of 45 min during 
experimental fisheries with a fine-meshed beam-trawl in September 1938-
1951. The figures for the years 1940-1943 are less reliable, because in these 
years the number of hauls was low (Havinga 1954). 

year 

1938 

1939 

1940 

1941 

1942 

1943 

1946 

1947 

1948 

1949 

1950 

1951 

pikeperch 

5 

53 

25 

171 

3 

39 

9 

277 

134 

40 

188 

26 

perch 

102 

334 

2 

48 

0 

191 

6 

2 

11 

192 



Coping with uncertainty 

Uncertainty in the nature of the processes, which underlie recruitment 
variability and in the expected levels of recruitment has important implications 
for fisheries management (Sissenwine et al. 1988). The increased knowledge on 
the processes governing the formation of year-class strength of pikeperch and 
perch, described in Chapters 3 to 5, is a basis for the evaluation whether the 
year-class strength of percids can be managed. From a manager's point of view 
the processes that can be influenced by proper management are of particular 
interest. 

To evaluate the consequences of growth, mortality and recruitment on the 
rational exploitation of pikeperch and perch in Lake IJssel, a size- and age-
structured simulation model has been developed using parameters on the 
population dynamics of these species. In Chapter 6 a description of the model 
is given. At present all processes in the model are density-independent. Growth 
is described as a function of size and temperature and mortality as a function 
of size. The consequences of management measures for the decline during the 
transitional period after implementation of a measure and the eventual gain in 
a higher yield per recruit are discussed. Chapter 7 finally integrates the 
information collected on recruitment variability, and discusses the feasibility to 
stabilise the yield to a certain desired level in the light of constant effort policy 
and uncertainties in yield predictions. 
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ABSTRACT 

Bottom trawl surveys are carried out every autumn to estimate the relative 
abundance of six major fish species, especially that of pikeperch (Stizostedion 
lucioperca) and Eurasian perch (Perca fluviatilis), in the 182,000-ha Lake 
Ussel. The catchability of these species is influenced by light intensity at the 
bottom and therefore by water clarity and water depth. In autumn, water clarity 
can differ greatly from day to day because of wind-mediated re-suspension of 
sediments. Catchability of ruffe {Gymnocephalus cernua) and age 0 pikeperch 
showed a significant inverse relationship with light intensity at the bottom and, 
therefore, a correction should be made when catch data for these species are 
used to estimate population size or year-class strength. Results were not 
consistent for perch, while for smelt (Osmerus eperlanus), roach (Rutilus 
rutilus) and bream (Abramis brama) the influence of light intensity upon 
catchability was not significant. Corrected and uncorrected estimates of the 
abundance of age 0 pikeperch, based on trawl samples, were compared to 
demonstrate the effect of water clarity on the estimation of year-class strength. 
Increased water clarity can lead to zero catches and consequently diminish the 
effectiveness of sampling programmes. 
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INTRODUCTION 

Bottom trawling is a well known technique for sampling fish stocks (e.g. 
Sissenwine et al. 1983). Catches are usually standardised as catch per unit effort 
(CPUE). Catchability or gear efficiency, however, can vary with environmental 
conditions; thus temperature influences swimming performance (Wardle 1983), 
and water clarity can influence the vertical distribution of fish (Bohl 1980) or 
trawl visibility (Glass and Wardle 1989). Much attention is given to fish 
behaviour in relation to towed fishing gear (Wardle 1983) and marine 
cinematographic studies have revealed that sight is the most important factor in 
gear detection by fish (Glass and Wardle 1989). 

The effects of varying light conditions on the catchability of fish species have 
seldom been quantified and experiments are mostly limited to the comparison 
of day and night hauls (Butterworth and Coles 1977; Quinn and Kojis 1987). 
Differences in catch rates are often due to changes in the vertical distribution 
of fish (e.g. Atkinson 1989; Bohl 1980). Catchability can decrease at night 
(< 10"6 lx) because the herding effect of the sweeps of the trawl disappears and 
during daytime because of early detection of the gear at high light levels (> 1 
lx) (Glass and Wardle 1989). Thus, mid-water trawl efficiency for sockeye 
salmon (Oncorhynchus nerka) during night hauls was inversely related to 
ambient light, varying with lunar phase and cloudiness (Robinson and 
Barraclough 1978). Lower water clarity, during day hauls, is thought to have 
increased CPUE threefold in trawls of yellow perch {Perca flavescens) in 
Oneida Lake (Nielsen 1983). Light conditions during the day can vary 
considerably over short periods due to re-suspension of sediments by wind 
(Carper and Bachmann 1984). 

Bottom trawl surveys are carried out in Lake Ussel every autumn to estimate 
the relative abundance of six major fish species. Our objective was to study the 
effects of variations in light conditions near the bottom on catchability of the six 
major freshwater fish species caught during the day with a bottom trawl. The 
species concerned were European smelt (Osmerus eperlanus), bream (Abramis 
brama), roach {Rutilus rutilus), ruffe (Gymnocephalus cernua), and especially 
Eurasian perch {Perca fluviatilis) and pikeperch (Stizostedion lucioperca). 

MATERIALS AND METHODS 

Description of the area 

Lake Ussel is a large and shallow eutrophic lake, formerly an inland sea, 
divided into a northern (112,000 ha) and southern basin (70,000 ha) by the 
construction of a dyke in 1975 (Fig. 1). The northern basin has an average 
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depth of 4.5 m, with depressions up to 10 m deep caused by former tidal 
movements. The southern basin has an average depth of 3.6 m. Water clarity 
in both parts varies between 0.1 and 2 m Secchi disk depth, averaging 0.65 m. 
In both basins, the average water temperature is 10.4°C and varies annually 
from 0 to 25°C. Total-P is 0.22 mg.L"1. These and other physicochemical 
parameters are described by Willemsen (1977). 
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Fig. 1 Netherlands Institute for Fisheries Research bottom trawl sampling areas Wagenpad 
(N) and Hoornse Hop (S) at Lake Ussel. Regular stations of the lake-wide survey (1-
13), which was carried out by the Department of Coast-, Inland Fisheries and 
Cultures, Ministry of Agriculture and Fisheries. 

In Lake Ussel, the influence of wind on water clarity is most pronounced in 
autumn and winter when algal densities are low. During lake-wide survey 
trawling in the period 1966-1987 sampling was started when Secchi disk 
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readings were about 0.8 m or less assuming constant catchability. In years when 
water stayed clear (over 0.8 m Secchi disk depth) sampling was ultimately 
carried out irrespective of water clarity, but corrections for the assumed lower 
catchability could not be made. 

Surveys 

Two types of bottom trawl surveys are carried out in Lake IJssel in the autumn 
of every year to estimate the abundance of the major fish species: 

Survey I - two-areas survey 

A trawl survey was made in two selected areas that were homogeneous in 
depth and bottom type: "Wagenpad" (N), in the northern part, and "Hoornse 
Hop" (S), in the south (Fig. 1). Within each area multiple hauls were made at 
varying distances parallel to the shore. Data were analysed for 1981-1988. Area 
N was sampled every year, while area S was not sampled in 1984 and 1987. 

Under the assumption that within these areas fishes were homogeneously 
distributed, quantitative effects of water clarity on the catchability of fish 
species were estimated using data from this survey. 

Fig. 2 Frequency distribution of total water depth: Secchi depth ratios (TS) in survey I. N 
= 208. 
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Area N was sampled within 12 days every year in which 13 to 27 hauls were 
made and at distances from the shore varying from 200 to 5400 m. Total depths 
at the sampling sites ranged from 4.5 to 6.5 m and Secchi disk readings from 
0.4 to 1.1 m (Table 1). In area S similar data were collected in a 2-day period 
using eight to 13 hauls. Distance from shore varied between 500 and 5000 m; 
total depth ranged between 3.4 and 4.0 m and Secchi depth between 0.25 and 
0.70 m (Table 2). In area S Secchi depth readings did not vary in 1981 and in 
1982; therefore, these years were omitted from the analyses. The start of the 
first and last trawl haul were at 8:35 h and at 15:45 h respectively. The ratio 
between total water depth and Secchi disk readings varied between 5 and 17 
(Fig. 2). 

Survey II - lake-wide survey 

From 1966 until 1989 a lake-wide trawl survey covering eight stations in the 
northern part and five stations in the southern part of Lake Ussel was made 
(Fig. 1). At each station a single haul was taken. Data from this survey are 
used here to demonstrate the problem of varying catchability as a consequence 
of variations in water clarity in general and to show the effect of correcting 
catches for variations in catchability on the estimation of the year-class strength 
(YCS) of pikeperch. 

During both surveys the abundance of the commercially important perch and 
pikeperch was indexed by the mean number of age 0 fish caught per standard 
haul, but the weights of the catches of other species were also recorded. 
Trawling was carried out with a bottom trawl (cod-end 20-mm stretched mesh, 
upper-rope 13 m; bottom rope 14.75 m). The trawl was kept open with an 8-m 
broad beam and two 1-m high danlenos, and pulled at an average speed of 1.6 
±0 .1 m.s"1. Haul duration was 10 min. For the lake-wide survey haul duration 
varied in the early years between 15 and 45 minutes, but was standardised at 
10 min from 1982 onwards. Only day hauls were made. Night hauls were 
impossible because commercial gill nets and fyke nets could not be avoided. 

The fish were sorted by species on deck and weighed to the nearest 0.1 kg. 
To distinguish age 0 pikeperch and age 0 and age 1 perch from their length-
frequency distribution, individual perch and pikeperch were measured to the 
nearest cm total length. 
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