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Forward 

Percis ITI was held July 20-24, 2003, at the Monona Terrace Convention Center in Madison, WI, USA. 
Percis III was the successor to two previous symposia, Percis I in Ontario, Canada in 1976, and Percis II in Vaasa, 
Finland, in 1995. Percis III was an unqualified success: the Symposium included more than 180 presentations, given 
by over 150 registered participants from 30 countries around the world. 

Each presenter was invited to prepare a two-page communication of their presentation for publication. 
Each communication that was received was sent out for external review. Based upon these reviews, 63 
communications were accepted for publication, and constitute the bulk of these proceedings. 

Percis III was divided into 6 thematic areas: ecology, management, aquaculture, general biology, yellow 
perch in the Great lakes, and ecology and evolution of darters. At the conclusion of the symposium, organizers and 

| participants were asked to develop a short document describing the current status of each theme (as clarified by the 
presentations) and outlining key future research needs. Five of these documents are also included in these 
proceedings. 

I would like to thank the following members of the Percis III Steering Committee, and the thematic session 
organizers, without whose help this symposium would not have been possible: Terence Barry, Ted Batterson, 
Dominic Baccante, Peter Colby, John Craig, Konrad Dabrowski, Jeffrey Gunderson, Christopher Heyer, Patrick 
Kestemont, Hannu Lehtonen, Victor Mikeev, Donald Pereira, Kyle Piller, Edward Roseman, and Robert 
Summerfelt. 

Because of the clear importance of these fishes, and the strong interest expressed, preliminary talks have 
already begun regarding a Percis IV symposium, to be held perhaps in 2009 or 2010. 

Sincerely, 

Jeffrey Malison 

Chairman of Percis III : 

Ix |





PERCID AQUACULTURE: CURRENT STATUS AND FUTURE RESEARCH NEEDS 
Jeffrey Malison, Patrick Kestemont, and Robert Summerfelt 

For many years, the exclusive focus of percid aquaculture had been on the production of walleye (in North 
America) and pikeperch (in Europe) fingerlings for stocking into natural and impounded waterways. This 
production continues today. These fingerlings are produced largely by public fish hatcheries, although some 
commercial culture has begun. The original culture method used was extensive pond culture, and although this 
method is still widely practiced today, the development of formulated feeds that were nutritionally adequate for 
walleye fingerlings permitted the use of a tandem method of extensive pond culture followed by intensive tank 
culture for producing fingerlings to an advanced size (e.g., 100-200 mm). More recently, advances in larval diets 
and system engineering (e.g., methods to facilitate gas bladder inflation) have led to the development of methods for 
raising walleye fingerlings entirely in tanks. 

Since the early 1980’s in the US, and the early 1990’s in Europe, a great interest has developed in the 
commercial culture of yellow perch, and walleye, and Eurasian perch and pikeperch, respectively, as food fish, 
driven by ever-increasing demand and declining supplies from the wild. In the US, since 1990 a significant number 
of farms in the US have attempted the commercial culture of yellow perch as food fish, and a smaller number have 
attempted raising walleye to food size: Some of these businesses failed, others remain in production, and new start- 

: up efforts continue. In Europe, at least one commercial pond-based operation for Eurasian perch exists in Ireland, 
and several initiatives have emerged in recirculation Systems and lake-based cages. At Percis III it became clear that 
interest is growing in the commercial culture of these species in France, Switzerland, Norway, Sweden and 
Denmark. 

Presently, pond culture or tandem pond/tank culture are the most cost-effective methods for producing 
yellow perch and walleye fingerlings. Pond culture and recirculation Systems appear to be the two most feasible 
grow-out methods for both species. Recirculation systems offer the benefit of year-round growth, in which yellow 
perch can be raised from hatch to market size (0.25-0.33 kg) in 12 months, walleye (0.5 — 0.75 kg) in 18 months, 
and pikeperch (2.0 kg) in 24 months. Ponds or other systems at ambient temperature may prove more cost effective 
than recirculation systems, however, despite comparatively slower fish growth rates. In the US, a primary need 
(which is currently being addressed for yellow perch, but not for walleye) is the documentation of production costs 
for specific system types. Bio-economic data is also needed for the grow-out of Eurasian perch and pikeperch. One 
significant problem that has developed in the US and is currently restricting the development of yellow perch and 
walleye aquaculture is an illegal practice of mis-labeling wild-harvest juvenile pikeperch, walleye, or sauger fillets 
as yellow or “lake” perch. These fish are being sold at extremely low prices, and clearly this practice must be halted 

| if the development of commercial percid aquaculture is to continue. 
For all of these percid species, the commercial culture of food fish is constrained by economics. 

Production systems must be developed that can compete with the cost of fish harvested from the wild. Over time, 
one can reasonably assume that increasing demand and declining supplies will lead to higher costs, making 
commercial aquaculture more feasible (as is the case with most other wild-harvest seafood products). At the same 
time, research is needed to develop more efficient production methods and systems. 

Both yellow perch and Eurasian perch are marketed at a relatively small size, compared to most other 
cultured fish species. Accordingly, more fingerlings are needed per unit weight of marketable food, and fingerling 
costs represent a very high percentage of total production costs for these species. Both of these species also grow 
Slower than most other commercially cultured food fish. Because of these facts, methods to reduce fingerling 
production costs and improve growth rates are two of the highest priority research areas. For pikeperch, additional 
major constraints are the high variability in egg and larval quality and the sudden (stress related?) mortalities that 
occur during grow-out. 

Because of the similar biology of yellow perch, Eurasian perch, walleye and pikeperch, advances in 
aquaculture technology may be applicable across all four species. In this regard, one of the primary values of Percis 
Ii was to bring scientists from around the world together to discuss their related research on these different species. 
Advances in various disciplines, including genetics, nutrition, physiology, endocrinology, and engineering, were 
described. Specific important advances included: optimization of environmental conditions, better and more cost- 
effective diets, the use of hybridization to improve growth, methods of controlling reproduction and spawning 
(including the production of fast-growing monosex female and sterile Strains), and beginning efforts at producing 
domesticated strains for aquaculture. Efforts along all of these lines should continue, but in particular efforts aimed 
at improving the domestication of these species may be the most important. 
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ECOLOGY AND EVOLUTION OF DARTERS: CURRENT STATUS 

AND FUTURE RESEARCH NEEDS 
Kyle Piller 

Darters (Subfamily Etheostomatinae) represent one of the most fascinating examples of morphological, 

behavioral, ecological, and genetic radiation in North America. Darters are one of the most speciose groups of 

North American freshwater fishes, with over 200 species/subspecies. The high degree of darter diversity is believed 

to be the result of two factors: adaptation to habitat and sexual selection. As a result, darters are a model group for 

studies of adaptive radiation and diversification. The eminent ichthyologist and statesman David Starr Jordan 

(1922) recognized the exceptionality of this group when he stated, "These (darters) we found to be the most 
fascinating, vivacious, and individual of all river fishes." 

Until recently, studies of darter diversity focused on alpha level taxonomy, specifically, describing species 

and documenting levels of morphological diversity. In the last decade, darter biologists have undertaken 

phylogenetic studies to examine relationships among species, subgenera, and genera. Interest in darter diversity and 

systematics has increased dramatically, primarily due to the usage of DNA sequence data. Most studies have relied 

on mitochondrial DNA, particularly cytochrome b, to address particular evolutionary questions. As a result, we are 

now beginning to have a clearer understanding of the evolutionary history of this group, and consequently, are re- 

evaluating darter taxonomy in light of this new data. Future research needs to build on the results from previous . 

studies and should proceed in the direction of multi-gene phylogenies that incorporate multiple nuclear and mtDNA 

markers. However, one of the unfortunate aspects of systematic and taxonomy studies is the lack of adequate 

funding sources. At present, the National Science Foundation is the primary funding source for systematic and 

taxonomic studies. Developing a comprehensive understanding of the diversity and evolutionary history of darters 

will likely require additional funding sources and collaborative efforts among multiple researchers. 

Although darters are relatively unknown to most of society, they represent an important component of 

riverine ecosystems in the Eastern United States. Darter biologists would argue that particular species of darters (i.e. 

Crystallaria asprella) are some of the most important aquatic species for environmental protection. Darters are 

important because they are “indicator species” for aquatic environments. When riverine systems are perturbed 
through human modifications, such as dam construction or channelization, darters are often the first group of 

organisms to become imperiled, and often extirpated. In fact, one species, the Maryland darter (Etheostoma sellare) 

is already believed to be extinct, prior to understanding its habitat requirements and other aspects of its ecology. 

We lack comprehensive life-history information for many darters. Additional research is needed to better 

understand basic aspects of habitat, reproduction, and feeding if we are to conserve darter populations and their 

respective riverine systems. These types of studies represent an important and often overlooked component of 
species conservation. 

Routine conservation status surveys addressing levels of imperilment in jeopardized darters are necessary 

for the development of an effective management plan for many species. Although the results from these types of 

studies are critical for managing and protecting darters, they are often conducted over relatively short periods (1 or 2 

years). Documentation of long-term abundance and distributional changes, through multi-year studies or 

incorporation of museum data, are needed to provide a more comprehensive view of demographic and distributional 
changes among jeopardized darters. 

An equally important aspect of species conservation, but one that is less often pursued, is the incorporation 

of molecular markers to address levels of genetic diversity within populations. Molecular genetic data routinely are 

incorporated into the management of salmonids, centrarchids, or other sportfishes, but less often utilized for non- 
game species including darters. Usage of high-resolution markers including microsatellites or AFLP’s, have 

increased our effectiveness in managing fish populations. Future research should use these types of techniques, as 

they can provide useful information that can guide re-introduction efforts, monitor gene flow between populations, 
and document distinct temporal changes in genetic diversity among darters. | 

Finally, comparing patterns of endangerment of darters and other aquatic groups may shed light on the 

factors that concurrently have impacted aquatic species. The life-history of mussels, one of the most imperiled 

groups of organisms in North America, is often tied to population sizes of sympatric species of fishes. Darters serve 

as glochidial hosts for many species of mussels, particularly in the Interior and Ozark-Ouachita Highland regions, 
where darter and mussel diversity is greatest. Understanding the relationship between mussel and darter diversities 

and population sizes may prove to shed light on the mechanisms of endangerment within both the unionid mussels 
and Etheostomatine darters. 
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PERCID ECOLOGY: CURRENT STATUS AND FUTURE RESEARCH NEEDS 
Carol A. Stepien and Edward F. Roseman 

Ecological investigations of percids are fundamental to preserving this important group, which include 

economically and ecologically important species, for future generations. The family Percidae comprises about 162 

species that live in a variety of lake, river, and stream habitats in North America and Eurasia. Members of the 

genera Perca and Sander (the latter was formerly known as Stizostedion) in North America and Eurasia are highly 

prized game fishes, and their anthropogenic exploitation and habitat alterations have impacted their population 

ecology. The pikeperches are keystone predators in lake and river ecosystems, and their populations regulate 

species diversity of other aquatic animals. The North American and European yellow perches, Perca flavescens and 

P. fluviatilis, are similar ecologically and also are important predators in aquatic systems. Species of Perca and 

Sander have been introduced widely outside their native ranges in North America and Europe, usually to augment 

fisheries. However, some spread of percids to new habitats has been accidental. For example, the Eurasian ruffe 
Gymnocephalus cernuus invaded Lake Superior of the North American Great Lakes in the mid-1980s via ballast 

water discharge, and has since spread to Lakes Huron and Michigan, raising questions of the need for study of its 

ecological adaptations as an invasive species. The ruffe is projected to seriously impact populations of the related 
yellow perch P. flavescens if and when it reaches the lower Great Lakes. The darters — especially the species-rich 

genus Etheostoma — are found only in North America, where they have exhibited tremendous adaptive radiation in a 

great variety of stream and river habitats. They number over 102 species and are very ecologically specialized. 

Many of them are important indicators of the health of freshwater habitats. 

Several studies included in Percis III and in this volume focused on the role of percids as keystone 

predators in ecosystems. For example, Baccante and Down analyzed walleye Sander vitreus diets and growth in 

British Columbia, located at the western-most limit of its distribution. They found that walleye in British Columbia 

consume large invertebrates, due to a shortage of smaller fishes — instead of their typical piscivory — with 

consequential lower growth rates and lower fecundity. The paper by Domer et al. focused on size-dependent 

predation and prey fish availability in the European yellow perch Perca fluviatilis and pikeperch Sander lucioperca, 

addressing competition among percid species and predation dynamics. Haakana et al. examined diet of P. fluviatilis 

in eastern Finland, evaluating predator-prey dynamics and the influence of fishing pressure. Bobyrev provided an 

overview of quantitative percid ecology in Russia, including population dynamics, growth parameters, mortality 

rates, life history and reproductive data in relation to habitat, climate, and niche. 

Several papers investigated environmental data in relation to stocks of pikeperches. For example, 

Lappalainen analyzed the state of S. lucioperca stocks in Finnish lakes, in relation to environmental data - including 
turbidity, conductivity and location - as well as other fish species abundances using artificial neural network 

Statistical analyses. Pikeperch stocks in lagoons and estuaries of the southern Baltic Sea region were evaluated by 

Winkler and Groger in relation to migrations, spawning, life history, population dynamics, and food densities. 
Populet et al. examined life history characters of §. lucioperca in the Mediterranean delta of the Rhone River, in an 

expansion population area outside of its native range. They analyzed growth, longevity, spawning, sexual maturity, 

fecundity, and diet. Results suggested differences from areas of their native range - including high growth, early 

maturity, and shorter life. Stocking of S. lucioperca on native P. fluviatilis populations and their interspecific 

competition, diel activity, and diets were examined in Germany by Holder and Mehner. In North America, walleye 

S. vitreus spawning runs in relation to river size and spring maximum daily flow data were analyzed by Eshenroder 

for 21 rivers in the upper Great Lakes. Recruitment and growth patterns of S. vitreus and sauger S. canadensis were 

examined in the lower Wisconsin River, in relation to climate, which appeared to drive recruitment. 

Recruitment and life history data were the focus of several papers on Perca species, in European and North 

American habitats. For example, Linlokken examined Eurasian yellow perch P. fluviatilis recruitment in 18 small 

lakes in southeastern Norway, evaluating recruitment and mortality, in relation to air temperatures and acidification. 

Lozys examined salinity effects on growth of P. fluviatilis in the vicinity of the Baltic Sea, Lithuania, in relation to 

temperature, salinity, and migration patterns in fresh and brackish waters. Mikheev et al. investigated predator 

avoidance and foraging behavior during migrations by juvenile P. fluviatilis in laboratory and field experiments. In 

North America, Niewinski and Ferreri examined structure and dynamics of an unexploited P. flavescens population 

in Pymatuning Sanctuary in Pennsylvania, using otolith age data and evaluating maturity, fecundity, and annual 

survival. These data are projected to be useful for comparing unexploited versus exploited populations. 

Stock structure data of Perca were also the focus of two genetic analyses. Genetic analysis of P. flavescens 

populations in North America by Moyer and Billington used allozyme and mitochondrial DNA RFLPs (restriction 

fragment length polymorphisms), discerning significant population divergence between western and eastern 

populations across North America only with allozymes. However, a DNA sequence data analysis by Ford and | 
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Stepien of the mtDNA control region resolved finer-scale structure in spawning populations of P. flavescens within 

Lake Erie, suggesting that the application of multiple genetic approaches is advantageous for addressing stock 
structure questions. 

Population ecology of percids as invasive species was the focus of several papers, in both Eurasian and 

North American waters. Dgebuadze summarized Eurasian invasions and range expansions by four species, 

including the pikeperches S. lucioperca and S. volgensis, yellow perch P. fluviatilis, and the ruffe G. cernuus. An 

investigation by Stepien et al. focused on the genetic identification of the Eurasian founding source population for 

the ruffe G. cernuus invasion in the North American Great Lakes as being the Elbe River drainage, as confirmed by 

both mitochondrial and nuclear DNA sequence analyses. 
Perusing the papers in each of the previous Percid volumes (Journal of the Fisheries Research Board of 

Canada 1977: 34(10) and Annales Zoologici Fennici 1996: 33(3-4)) it becomes evident that percid scientists are on 

the cutting edge of research and analytical techniques. Following this tradition, papers at Percis III described some 

innovative state-of-the-science techniques and paradigms including artificial neural network analyses, geographic __ 

information systems, sanctuaries, DNA genetic methods, systems modeling, and hydro-acoustics. Many of the 

papers presented in the Ecology session made use of long-term datasets to explore trends in populations, shifts in 

community composition, impacts of invasive species, climate change, and anthropogenic disturbances on percid 

populations and their communities. Some authors referred to or presented results from systems modeling efforts that 

not only described historical trends, but predicted future population and community dynamics. More importantly, 
these models identified voids in the knowledge base thus providing direction for future research. 

In conclusion, while there may already appear to be a wealth of information on percid ecology, there 

remains much to be clarified and explored, especially as habitat conditions continue to change and fishing occurs. 
Some of the themes suggested for future research include the following: 

_~(1) identifying and measuring the effects of fishing on percid ecology 

- (2) exploring the effects of habitat change on population and community dynamics 

- (3) expanded use of multivariate and geo-spatial statistical analyses 

- (4) continued development of bioenergetic models of growth 

- (5) continued assessment of genetic differences among stocks throughout their ranges. 

Research efforts should be integrated with fisheries management programs to provide information necessary to 

complete management objectives as well as assess the effectiveness of the management program. 
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PERCID MANAGEMENT: CURRENT STATUS AND FUTURE RESEARCH NEEDS 
| Edward Roseman 

Twenty papers were presented in the Percis III management session. While the authors participating in this 
session originated from diverse backgrounds and continents, some dominant themes were evident in their 
presentations suggesting that fisheries managers across the world are addressing similar obstacles and problems. 
These themes included the use of stocked fish to supplement natural production, impacts of habitat modification and 
loss (including pollution), and efforts to accurately estimate mortality rates. Also, following recommendations of 
workgroups from Percis II in 1995, more management agencies are incorporating results from systems modeling to 
help address complex management issues. Nearly all presenters emphasized the importance of maintaining long- 
term monitoring studies to provide an information base useful in developing management plans and assessing their 
effectiveness. 

Several papers in the management session addressed issues related to stocking percids as a fisheries 
enhancement strategy. Papers by Bolotova et al., Jacobson, Wallace, and Kampa et al. discussed the importance of 
assessing the contribution of stocked percids to fisheries. Schulze et al. and Pierce talked about the impacts 
Stockings of Zander species had on fish community and trophic dynamics in lakes. Ruuhijarvi and Salminen 
presented a paper describing the effect of pikeperch size at stocking on performance and recruitment to the fishery. 
Stepien et al.’s paper discussed an analysis of genetic hybridization risk posed by stocking into a historic walleye 
spawning group. Based on the papers in this session, stocking percids to enhance and restore fisheries is a Strategy 
used around the world to achieve management goals and supported by strategies that assess its effectiveness. 

Identifying the effects of habitat perturbation on percid fisheries proved to be a dominant theme among 
papers presented in the management session. Konovalov et al. discussed the impacts of water pollution by heavy 
metals and other contaminants on percid physiology and pathology in some impacted Russian lakes. Sass presented 
a paper that detailed the importance of coarse woody structure in littoral zones as refuge for yellow perch in 
Wisconsin lakes. The need to conduct more research to explore linkages among and between life-history stage- 
specific habitats was emphasized in the discussion of these papers. _ 

Estimating accurate natural and fishing mortality rates and the use of population parameters as reference 
points were addressed in several papers in the management session. Papers by Lester and Morgan drew upon 
knowledge gained from long-term studies conducted in several dozen Ontario lakes to produce a set of criteria for 
identifying useful biological reference points to assess walleye populations. Hennessy presented a pair of papers 
describing statistical properties of natural mortality estimates for walleye in northern Wisconsin lakes. A paper by 
Prchalova discussed gear selectivity and its potential to impact mortality estimates and catch statistics. 

Lastly, papers by Knight et al., Salminen et al., and Beard et al. discussed the importance of interagency 
cooperation and collaboration to produce and carry out effective management plans. These papers, in addition to 
those mentioned above, emphasized the importance of standardized long-term monitoring programs supplemented 
by shorter-term research projects to provide the information necessary to formulate effective management plans. 
These papers also emphasized the importance of assessment programs that monitor the progress and effectiveness of 
management strategies. 

Based on discussions carried out during and after the management session, several research and 
management issues were highlighted as important for the future of successful percid management and will hopefully 
be addressed at Percis IV. While none of these can be called “new,” they remain important, nonetheless. In no 
particular order, these include: understanding the role of physical habitat and climate on percid population dynamics, 
using regulations to effectively control fishing mortality, law enforcement strategies in percid management, 
multivariate methods to analyze data, genetic considerations in stocking and management, gathering and interpreting 
stakeholder perceptions of management programs, developing standardized assessment methods, impacts of exotic 
Species on percid populations, role and effects of stocking percids, and improving the exchange of information 
among scientists around the world. In closing, I would like to thank Roger Knight and Dr. Carol Stepien for helping 
to moderate the management session and also thank the presenters and co-authors for their excellent contributions. 
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YELLOW PERCH IN THE GREAT LAKES: CURRENT STATUS 
| AND FUTURE RESEARCH NEEDS 

Christopher Heyer 

Yellow perch (Perca flavescens) and European perch (P. fluviatilis) are an important fishery resource in 
many parts of the world, both as a food source and as a source of cultural heritage. Globally, declines in yellow and 
European perch populations have been observed over the past two decades. Declines in perch abundance have been 
reported in the Baltic (Sweden), the Chesapeake Bay region (US), Lake Erie (US/Canada), Lake St. Claire (Canada), 
Lake Constance (Germany/Switzerland), Lake Huron (US/Canada), Lake Michigan (US/Canada), and Oneida Lake 
(US). While percid populations have declined in many areas of the World during similar time periods, their specific 
causes have varied and in many cases remain undetermined. 

In the Baltic, declines in European perch, as well as other species, have been attributed to recruitment 
| failure, though the mechanism or mechanisms responsible for the recent recruitment failures remain unknown. In 

the Chesapeake Bay region, increased residential and commercial development of several tributary basins and 
increased coverage by impervious surface is thought to be responsible for decreases in suitable yellow perch habitat. 
In Lake Erie, yellow perch populations declined during a period of poor recruitment during the late- 1980s through 
the mid- 1990s, but have since rebounded through sound management practices. The causes of the decline of Lake 
Erie’s perch population are not precisely known, but drastic changes to the lake ecosystem through the introduction 
of invasive species are thought to have played a major role. The decline of yellow perch in Lake St. Clair has been 
directly attributed to overfishing. In Lake Constance, the decline of European perch has been attributed to 
reoligotrophication of the lake, which has favored increased growth but not reproduction. The causes behind the 
collapse of the yellow perch populations in Lakes Huron and Michigan remain undetermined, but many hypotheses 
have been put forward. Likely causes of the yellow perch declines in Lake Michigan include increased predation by 
alewife, offshore transport away from nursery areas, decreased quantity and quality of zooplankton, shifts in the 
characteristics of the spawning stock, and changes in the ecosystem due to the introduction of invasive species. 

| Recent declines of yellow perch in Oneida Lake have been attributed to increased cormorant predation, which is 
now a concern in many systems where cormorant populations are booming. 

While there is great variation in the causes, or hypothesized causes, for the recently observed declines in 
yellow and European perch, there are some commonly recurring suspects. With the exception of those systems that 
can attribute perch population declines to increased predation on adults, there appears to be a common theme of 
increased mortality during the first summer from the onset of first feeding to the Stage of late summer fingerlings. 
This increased mortality in early-life may be related to increases in water clarity through the introduction of zebra 
mussels (Dreissena polymorpha) and lake reoligotrophication. It has been suggested that reoligotrophication results 
in decreases in the nutritional quality and species richness of the plankton food web. These changes in the plankton 
community may result in a shift from pelagic to benthic producing systems and may impact perch development 
during early-life stages. However, as has been seen in Lake Michigan, the suspected causes for perch declines in 
one portion of the lake do not appear to be the causes for declines in other portions of the lake. 

While much has been learned in many of these systems, much still remains unknown. For example, it is 
still unclear how many abiotic factors affect recruitment success and yellow and European perch stock-recruitment 
relationships. Additionally, in many systems little is currently known about the long-term changes in production. 
There is a need to investigate how the introduction of invasive species and changes in the phosphorous loading and 
trophic structure of these systems have impacted the quality and quantity of the plankton community. While perch 
in many of these systems may not be starving, they may not be getting all of the nutrition essential to ensure proper 
development and successful recruitment. The decline of perch in these systems is not likely attributable to any one 

_ cause, but rather to a synergy of many factors. As has become apparent in many current fisheries issues, researchers 
and managers need to examine the ecosystem as a whole in order to understand and dissect such synergies. 

As is the case with all resource management, information about the recent declines of yellow and European 
perch does not exist ina vacuum. In many cases, the collapse of these populations has prompted tremendous public 
outcry. While much research has been conducted on these declines and much has been learned, this information 
often does not get disseminated to the public. There is an increased need for effective and frequent communication 
with the stakeholders of these resources. A proactive approach to open communication helps to insure public trust 
in researchers and managers, and may even make tough management decisions easier to accept. This is an essential 

| need if researchers and managers are going to stave off unrealistic management requests by stakeholders. 
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HISTORY OF PERCIS 

Peter J. Colby, Ontario Ministry of Natural Resources (retired), 134 Hinton Ave., Thunder Bay, Ont P7A7E2, 
Canada, Hannu Lehtonen, Department of Limnology, University of Helsinki, PO Box 65, Helsinki, 14, Finland, 
Patrick Kestemont, The University of Namur, Rue de Bruxelles 61, Namur, Belgium, B5000, and Jeffrey A. 
Malison, Department of Animal Sciences, University of Wisconsin-Madison, 1675 Observatory Dr., Madison, WI 
53706, USA, pcolby@lakeheadu.ca. 

In the 1960’s and 70’s an environmentally aware two excellent reviews: One by Edwin L. Cooper, 
society was concerned that many percid fishes were Pennsylvania State University, for the Transactions 
adversely impacted by man’s activities. Thus, two of the American Fisheries Society, Vol.107, No.5, 
international percid symposiums were held in 1976 1978 and the other by Olga A. Popova (A.N. 
and 1995 to obtain a clearer understanding of the Severtsov Institute of Ecology and Evolution, 
effect of man_ induced _ stress, primarily Moscow) for the Russian Journal of Ichthyology, 
overexploitation, habitat degradation, and species Vol. 18, No.1, 1978. 
interactions on these fishes. The need to understand In the years following Percis I our knowledge of 
time lags from the initiation of a process to its the percid biology, management and culture had 
consequences became apparent. greatly expanded making the need for a _ second 

Information regarding fish early life history and Symposium evident. Thus, 19 years later Percis I 
Species interactions was limited and to better predict became a reality. The second International Percid 
fish community behavior we needed to know who Symposium was held in Vaasa, Finland (August 21- 
was doing what to whom, and under what 25, 1995). The proceedings were published in the 
circumstances. Ann. Zool. Fennici, 33(3-4): 303-723, and edited by 

Percis I, held in Ontario, Canada in 1976, was Rask, Van Densen, Lehtonen and Rutherford (1995). 
attended by 70 scientists (15 from Europe), published Interestingly, two years earlier at the World 

_ papers from 12 countries and lasted 12 days from Aquaculture Conference held in Torremolinos Spain, 
September 24th to October 5th. The proceedings were May 1993 the European Commission sponsored an 
published in J. Fish. Res. Board Can. 34:1447-1999, international workshop to address the paucity of 
edited by Colby and Wigmore (1977). information and lack of progress in the culture of 

The approach was to bring world experts together non-samonid freshwater fishes. The meeting resulted 
to address issues and answer specific questions of in the creation of the European Working Group on 
common concern. Compilation, assimilation, and Aquaculture of Percids (EWAP) to coordinate and 
synthesis of data were accomplished in three phases. communicate their research activities including those 
Months in advance of Percis I, background papers aquaculturists working with walleye and yellow perch 
describing the biology, community characteristics, in North America. Percis IT provided the opportunity 
and habitat requirements of percids were prepared and to hold the first international meeting of this 
distributed to participants. workgroup, aS a special session specifically devoted 

Next, lake-case-history papers were prepared to to problems and prospects in percid farming. In 
compile organized blocks of data from long-term addition to Percis II several review papers, including 

| Studies, to evaluate trend-in-time changes in recent papers in percid culture and technology, were 
populations and communities and their response to published in a special issue of the J. Appl. 
cultural disturbances. Past habitat alterations and Ichthyology (Vol. 12, 137-200) edited by Kestemont 
management practices within these fish communities and Dabrowski (1996). 
were reviewed as stimulus-response experiments, not Percis II had three main objectives: 1) to assess 
with the intent of evaluating the changes or practices, the current knowledge of percid biology, 2) to identify 
but rather to compare and contrast various community priority areas for research on percids, and 3) to 
responses to known stimuli. increase international collaboration and exchange of 

Phase three involved synthesizing material from ideas among researchers working on percid fishes. 
the above papers and formulating inferences Unlike the first percid symposium, Percis II was 
(preparing synthesis and inference papers) more open to presentation requests (89 oral 
immediately before and during the symposium. presentations, and 57 poster presentations), hosted 
Insights into the dynamics and properties of more scientists (140) from more countries (17) and 
populations and communities were sought by was of shorter duration (5 days). Due to time 
examining the next hierarchical level, community and constrants prior to and during the symposium, less 
ecosystem respectively. emphasis was placed in the preparation of synthesis 

The wealth of data and reference material and inference papers. However, five working groups 
compiled for Percis I, not only was published in the were convened to discuss and summarize the 
proceedings, but was incorporated in the yellow perch following areas of primary interests: 1) factors 
(J.Thorpe, 1978) and walleye (P.J. Colby, R.E. influencing year-class strength, 2) size related feeding 
McNicol, and R.A. Ryder, 1979) synopses prepared patterns, 3) population dynamics of percids, 4) 
for the Food and Agricultural Organization of the behavior of early life stages, and 5) the role of ruffe in 
United Nations, Rome, Italy. Percis I also received the percid community. 
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Now in 2003, Percis III is providing an 
opportunity to include the study of darters, just as 
Percis II provided an opportunity to bring together 
percid science and technology. Over the years we have 
seen progress in cleaning up the aquatic environment 
and providing new science to manage percid fisheries, 
yet major problems still exist. Percid culture 
technology has intensified, and significant progress 
has occurred. As challenges continue, new and 
exciting projects are underway. Percis III is the event, 
at the right place and time, to participate and learn 
more about this exceptional family of fishes. 
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INTRA-COHORT SURVIVAL AND GROWTH CHARACTERISTICS IN FULL- AND HALF- 
SIBLINGS OF EURASIAN PERCH Perca fluviatilis FRY 

Igor Babiak, Robert S.N.M. Mandiki, Kailahy Ratsinjomanana and Patrick Kestemont, The University of 
Namur, Research Unit in Organismic Biology, Rue de Bruxelles 61, B-5000 Namur, Belgium, 

patrick.kestemont@fundp.ac.be 

Introduction. Cannibalism frequently appears Results. Increase in average weight was 650-fold in 
to be among the main factors that directly regulate the course of experiment, from 0.007 g (day 0) to 

stock growth and survival in various aquacultured 4.56 g (day 84). Average final survival and biomass 
species including Eurasian perch Perca fluviatilis were the highest in pure progeny C and the lowest 

L. (Baras & Jobling 2002). Analysis of growth- in mixed groups A+B+C and A+B (Table I). The 

survival-cannibalism dynamics in perch larvae has effect of variant on intermediate and final weights 

revealed that initial stocking density is an important was highly significant. No effect of variant on 
imposed factor affecting emergence and intensity of intermediate and final CV of weights was observed; 
cannibalism. Higher stocking densities hamper — final CV were 43.5% on average. Average SGRo.84 ° 
cannibalism rate in larvae thus resulting in higher was 7.8 %/d (Table I) and was significantly 
survival and not compromising growth whereas in affected by variant. However, considering 
post-larval stages, cannibalism rate is higher in high intermediate SGR, the effect of variant was 
stocking densities and it lowers survival (Mélard et significant only in initial SGR from day 0 to 19. No 
al. 1996; Baras et al. 2003; Kestemont et al. 2003). effect of phenotypic sex alone or in interaction with 

The effects of early live history on further variant on final weights was revealed. Sex ratios in 
quantitative characteristics of juvenile stocks after all variants were not different from expected 
restocking (mixing different progenies and 0.5/0.5. No effect of pure versus mixed progenies 
changing stocking density) remain unknown. The on weight, its CV, SGR, cannibalism, survival and 

issue is important for strategy of rearing perch biomass was found. 
larvae. To approach the problem, a 84-day 

experiment was conducted starting 16-19 days post- Table I. Survival, biomass and total SGR (mean + 
hatch. SD) of European perch siblings and half-siblings 

Methods. Groups of 800 fish were composed of after 84 days of rearing starting on day 17-19 post- 
either siblings only (A, B, C) or half-sibs from two hatch. Progenies A were significantly larger from 
or three mothers evenly (A+B, A+C, B+C, progenies B and C on the beginning of rearing. 

A+B+C). Progenies A were significantly bigger on Absolute values marked with different superscripts 
the beginning (day 0), and variation in their weights differ from each other. 

was significantly higher than in B or C. Fish were 
reared in 120 L tanks in duplicates or triplicates in a “Variant Survival. Biomass Total SGR- 
recirculating system under controlled conditions (%) (g) (%/d) 
and fed initially Artemia nauplii followed by a A 46465 885+290™ 71403 
commercial pelleted diet. Dead fish were removed B 29.5411.6° 96242867 82+01° 
daily. Truncated individuals were considered as C 5534196? 120142227 81402? 
type I cannibalism victims. Fish were weighted on A+B+C 17.9466" 7074177" 80+012" 
day 0, before setting the experiment. Intermediate A+B W8t11° 7634497 7740 )>° 
weights were conducted on day 19, 42 and 63. On AtC 34.941.2%> 1904849275 754091%4 
day 84, 100 fish per tank were weighted, and 30 B+C 33.0+18.42> 910+3087 82+0.33 
fish per variant were examined for phenotypic sex. Average 29.4414.3 9124241 78+0.4 
All individuals were counted on days 63 and 84, 
and the difference between the initial number of Initial differences in size and size variation 

fish and final number of alive and dead fish was affected further growth characteristics: intensity of 
considered as type II cannibalism victims. cannibalism, and resulting survival, biomass and 
Coefficients of variation in weight, CV (%) and average weights. They did not affect further CV 
specific growth rates, SGR (% d”) were calculated and SGR, except for initial SGR (day 0 to 19). 

for each measurement day. Also, global SGR Total mortality caused by type I cannibalism 

(SGRo.g4) was calculated. was 5.1 + 1.9%. The highest mortalities were in 
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variants with progenies A: A+C, A+B and pure A weights gradually decreased; correlation of initial 
(Fig. 1a). Losses caused by type II cannibalism and final weight was not significant. 
were higher than those caused by the type I Total biomasses on day 63 were not related to 
cannibalism, on average 39.0 + 13.4%. The effect weights, whereas significant and negative 
of variant on type II cannibalism was significant. correlation between final biomasses and average 
The highest mortalities were observed in variants weights on day 84 was found (r = -0.65). Those 
A+B+C, A and A+B (Fig. 1b). Dead individuals relations resulted from the effect of stocking 
(truncated and nontruncated) were on average density (number of fish), which was not yet 
significantly smaller than alive individuals on day important on day 63 but was important on final day 
42. 84. SGRosg4 were significantly and negatively 

affected by initial weights but not by initial CV, 
a 10 ; despite significant and negative correlation between 

ab CV,» and SGR. 
= Toa [2]. _ Discussion. The study shows that early post-hatch 
> 6 Gl # L | og history of perch larvae has an important, long- 
3 4 C Ce] lasting impact on further growth and survival of 
a) roel OS juvenile forms. Average weight (Wo) and variation 
3 [=] in weight (CVo) of 16-19 days-old post-larvae 
e ol. co ceete teva ea wee perch affect further stock quantitative 

| —C #8td. Dev. characterisctics through different pathways. CVp is 
0 CJ #Std. Er. responsible, through type II cannibalism, for A B- C AtB+CAtB AtC BHC © Mean . . 

Variant survival, biomass, and, to some extent, current 

average weights, whereas W, affects SGR and 
b 75 current average weights until hampering effect of 

a | overcrowding can appear. Both Wp and CV, result 

3 55 be Ds ae GE}. ab oo eee that determines further post-larval and juvenile 

2 45 es .. Tate sccm population dynamics in Eurasian perch under 
£ x wn [=] constant, optimal culture conditions. 
ETP Par Acknowledgements. The research was funded by 
g 25}... EI cece cb enter ntnernew ea gine tunis the Belgian National Funds for Science (FNRS, 

i) a contract 2.4.568.00.F). | 
s C2) std. Err. References. Baras, E. and Jobling, M. 2002. 

A BC AtBtC A+B AtC BtC 0 Mean Dynamics of intracohort cannibalism in cultured 
Variant fishes. Aquaculture Research 33:461-479. 

Baras, E., Kestemont, P. and Mélard, C. 2003. 

Figure 1. Mortalities in three groups of perch half- Effect of stocking density on the dynamics of can- 
siblings reared separately (A, B and C) or in mixed nibalism in sibling larvae of Perca fluviatilis under 
groups (A+B+C, A+B, A+C and B+C) caused by controlled conditions. Aquaculture 219:241-255. 
cannibalism. a, total type I cannibalism mortality; Kestemont P., Jourdan, S.J., Houbart, M., 
b, total type II cannibalism mortality. Values Melard, C., Paspatis, M., Fontaine, P., Cuvier, A., 
marked with the same letters did not differ Kentouri, M. and Baras, E. 2003. Size 
significantly from each other. heterogeneity, cannibalism and competition in 

cultured predatory fish larvae: biotic and abiotic 
There was no significant effect of initial weight influences. Aquaculture 227:333-356. 

(W,) and its CV (CV) on initial mortalities caused Melard, C., Baras, E., Mary, L. and Kestemont, 
by other than type II cannibalism reasons. Type II P. 1996. Relationships between stocking density, 
cannibalism was significantly and _ positively growth, cannibalism and survival rate in intensively 
affected by CVo, but not by Wo, despite of cultured larvae and juveniles of perch (Perca 
significant and positive correlation between type Ul fluviatilis). Annales Zoologici Fennici 33:634-651. 

cannibalism and Wp. In the course of the 

experiment, correlation of Wy, with intermediate 
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STRESS RESPONSES OF WALLEYE AND WALLEYE x SAUGER HYBRIDS 

Terence P. Barry, Masako Ochiai, Jeffrey A. Malison, and James A. Held, Department of Animal Sciences, 
University of Wisconsin-Madison, 1675 Observatory Dr., Madison, WI 53706, USA, tpbarry@wisc.edu. 

Introduction. Hybrids of female walleye post-handling, all of the fish from one 110-liter 
(Sander vitreus) and male sauger (S. canadensis, tank were netted, anesthesized, and bled. The 
WxS) grow faster and convert feed more total length and weight of each fish were 
efficiently than purebred walleyes when reared recorded. 
under intensive culture conditions. There is great Analytical methods. The blood was allowed 
interest among North American aquaculturists in to clot for 1 hour, and then centrifuged at 9000x¢ 
producing food-sized WxS hybrids to supply the for 5 min. The serum was collected and stored at 
needs of retail markets and restaurants (Malison -40°C until analysis. Serum cortisol levels were 
1990; Siegworth and Summerfelt 1990, 1992). measured with an ELISA validated for use in 

We postulated that the growth and walleye. Glucose was measured using a 
performance advantages of WxS hybrids over diagnostic kit (510-DA, Sigma Chemical 
walleyes are related to differences in Company, St. Louis, MO). Chloride was 
responsiveness to stress. This idea was suggested measured using a Corning (Medfield, MA) 
by observations that hybrids are much more model 925 chloride analyzer. All samples were 
tolerant of disturbances associated with routine assayed in duplicate. 
husbandry procedures, such as feeding and tank Statistics. All data are presented as mean + 
cleaning, than purebred walleye which are highly SEM. The data were analyzed by analysis of 
excitable and sensitive to noise, shadows, and variance, followed by protected least-squares 
movements (Malison et al., 1990; Siegworth and difference tests (P<0.05). 
Summerfelt 1990, 1992; Held and Malison Results. Diurnal rhythm. Cortisol concentrations 
1996). The goals of the present investigation rose significantly from less than 5 ng/ml during 

- were to (1) obtain baseline information on the the daylight hours, to a peak of over 36 ng/ml at 
physiological stress responses of purebred midnight (Fig. 1). 
walleye, including determining the effects of 
time of day on baseline cortisol levels and the 60 
effects of acclimation temperature on their 
responses to acute stress, and (2) compare the = 
physiological stress responses of purebred and Bp 40 
hybrid walleye. = 
Methods. Fish. Walleye (271 mm mean total 9 
length, TL) were the offspring of wild brood fish — 70 
collected from Rock Lake, WI. WxS hybrids Oo 
(262 mm TL) were the progeny of female Rock 0 
Lake walleye and male Mississippi River sauger. 8 11 14 «18 2124 4 «8 
The fish were held in separate flow-through 220- 
| circular fiberglass tanks at either 15 + 0.5°C or Time of Day (hr) 
21 + 0.5°C. The photoperiod was 12 h light/12 h Fig. 1. Diurnal changes in baseline serum 
dark with lights on at 0600 hrs. The fish were cortisol levels in purebred walleye. 
fed dry pelleted feed (Ziegler Brothers, Inc., 
Gardner, PA) at a rate of approximately 1% of Effect of temperature. At both acclimation 
body weight per day. Food was withheld 24 h temperatures, cortisol rose rapidly from less than 
before sampling. 4 ng/ml, to peaks of over 150 ng/ml at 30 min. 

Acute stress tests, diurnal rhythm, and Cortisol returned to baseline by 3 hr (Fig. 2). 
temperature effect. Unstressed controls consisted Fish acclimated at 21°C, had higher and faster 
of five fish that were netted from the holding cortisol responses than fish acclimated at 15°C 
tank, anesthetized in 50 mg/] unbuffered tricaine (Fig. 2). Significant differences between 
methanesulfonate (MS-222), and bled via the acclimation temperatures were detected at 15 
caudal vasculature. To evaluate the effect of time min, 30 min, 1 hr, and 3 hr post-stress (Fig. 2). 
of day on baseline cortisol levels, five control At both acclimation temperatures, baseline 
fish acclimated at 21°C were sampled every 3-4 glucose levels were approximately 60 mg/dl. At 
hours over a 24-hr period (8 times total). To 15°C, glucose concentrations rose to a peak of 
evaluate the effects of acclimation temperature 165 + 3 mg/dl by 15 min, then fell to 127 + 5 
on the acute stress response, groups of walleye mg/dl by Ihr where they remained steady until 6 were acclimated for one month at either 15°C or hr. At 21°C, glucose concentrations rose more 
21°C and subjected to the acute stress protocol slowly to a higher peak of 190 + 8 mg/dl by 1 hr, 
described below starting at 0900 hrs. The acute then fell to 128 + 5 mg/dl by 3hr, and declined 
stress tests were conducted as follows: fish were further to 109 + 8 mg/dl by 6 hr. 
netted, held out of the water for one minute, and Serum chloride levels were 129 + 3 mEq/L 
then randomly divided among seven 110-1 tanks. in the 15°C fish and 135 + 1 mEq/L in the 21°C 
At 7 min, 15 min, 30 min, | h, 3 h, 6 h and 24 h ~ 
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fish. No differences in chloride levels were biosynthesis and peripheral metabolism probably 
detected in response to acute stress, or between explain these results. A reduced stress response 
treatment groups. may be one explanation for the benefits of 

handling and transporting walleye at cooler 
water temperatures. At both temperatures, . 
glucose levels remained elevated longer than 

= cortisol suggesting that hormones besides 
& —-0-- 15C —&#—21C glucocorticoids (e.g., catecholamines) may be 
‘ep 200 the primary regulators of glucose homeostasis in 
& stressed walleye. Chloride levels did not change 
3 10048 we significantly in response to acute stress in 
m I oe walleye suggesting that stress-induced 
5 ~9-—-—————___ osmoregulatory dysfunction may not be as large 

oO 9 a problem in walleye husbandry as it is in the 
0 3 6 culture of salmonids. The stress-induced 

. Time (hrs) changes observed in walleye were similar to 
those reported by Barton and Zitzow (1995). 
Acknowledgements. This work was supported 

Fig. 2. Effects of acclimation at 15°C and 21°C ° in part by the University of Wisconsin-Madison. , 
on the cortisol stress response in walleye. College of Agricultural and Life Sciences; the 

. Wisconsin Department of Natural Resources; 
Purebred vs. hybrid. Cortisol, glucose and and the University of Wisconsin Sea Grant 

chloride did not differ between purebred and College Program under grants from the National 
hybrid walleye. Cortisol peaked at approximately Sea Grant College Program, National Oceanic 
200 ng/ml within 15-30 min in both species, and and Atmospheric Administration, US 
returned to baseline levels by 3 h post-stress Department of Commerce, and the State of 
(data not shown). In both groups of fish, serum Wisconsin (Federal Grant NA46RG0481, Project 
glucose remained elevated through 6 h, and No. R/AQ-36), and the North Central Regional 
returned to baseline levels by 24 h (data not Aquaculture Center under grant 98-38500-5863 
shown). | from the United States Department of 
Discussion. Contrary to our hypothesis, there Agriculture to Michigan State University. 
were no differences in primary or secondary References. Barton, B.A., and R.E. Zitzow. 
stress responses between hybrid and purebred 1995. Physiological responses of juvenile 
walleye. We conclude, therefore, that the walleyes to handling stress with recovery in 
performance differences between these groups saline water. Progressive Fish-Culturist 57:267- 
are not related to differences in their ability to 276. 
respond to an acute handling stressor. There can Held, J.A. and J.A. Malison. 1996. Pond 
be a major psychological component to the stress culture of hybrid walleye fingerlings. Jn R.C. 
response, and individuals can show robust Summerfelt (ed.). . Walleye Culture Manual. 
physiological stress reactions at only the NCRAC Culture Series 101, pp. 311-313. North 
perception of a threat. Given the marked Central Regional Aquaculture Center 
behavioral and performance differences between Publications Office, Iowa State University, 
purebred and hybrid walleyes, and our Ames. Iowa. 
observations that both groups of fish appear to Malison, J.A., T.B. Kayes, J.A. Held, and 
have the same machinery for responding to C.H. Amundson. 1990. Comparative survival, 
stress, we predict that hybridization alters the growth, and reproductive development of 

| expression of neuronal pathways in the brain that juvenile walleye and sauger and their hybrids 
control the psychological perceptions of stress. reared under intensive culture conditions. 

Walleye showed a significant diurnal Progressive Fish-Culturist 52:73-82. | 
rhythm in baseline cortisol concentrations. This Siegwarth, G.L., and R.C. Summerfelt. 
is a common phenomenon in vertebrates, with 1990. Growth comparison between fingerling 
cortisol levels generally positively correlated walleye and walleye X sauger hybrids reared in 
with the activity pattern of the animal. The intensive culture. Progressive Fish-Culturist 
nighttime rise in cortisol in walleyes probably 52:100-104. 
reflects its normal nocturnal feeding cycle. Siegwarth, G.L., and R.C. Summerfelt. 

Cortisol rose faster and higher, and declined 1992. Light and temperature effects on walleye 
more rapidly, in walleye acclimated at 21°C than and hybrid walleye fingerlings reared 
it did in fish acclimated at 15°C. Temperature intensively. Progressive Fish-Culturist 53:49-53. 
effects on enzymes controlling cortisol 

16



SEASONAL VARIATIONS IN FATTY ACID COMPOSITION AND HEPATIC STATUS OF WILD 

EURASIAN PERCH (Perca fluviatilis) DURING A MATURATION CYCLE 

Gersande Blanchard, Xavier Druart and Patrick Kestemont, Department of Biology, URBO, University of Namur, 

| 61, rue de Bruxelles 5000 Namur, Belgium, gersande.blanchard@fundp.ac.be. 

Introduction. At present in aquaculture, the lipid quantified by GC (GC trace, 2000; ThermoQuest, 

| nutrition aspect of aquatic organisms is of main Carlo Erba, Italy) using a 30m X 0.32mm capillary 

interest. The capacity of some fish species to use column (FAME-Wax™;  Restek Corporation, 

high-energy diet to meet optimum growth capacity Bellefonte, PA). For each period, liver samples were 

and enhancing the protein sparing effect is well fixed to produce electron micrographs. Sixty 

exploited. However, supply of such high-energy diets photographs from 3 females per period (3 x 20) were 

to coolwater fish species like Dicentrarchus labrax analysed and lipid droplets (LD), glycogen (Gly), 

L., Psetta maxima L. can be deleterious. The most mitochondria (M) and rough endoplasmic reticulum 

common effects are the diminution of growth (RER) were quantified by a soft imaging system 
performances and immune defences, the increase of (AnalySIS). 
sensitivity to rearing conditions, the accumulation of Results. Female GSI was very low (0.67%) during 

lipid in tissues and liver, and an increase of mortality the resting period, from May to late August. It 

rate. It is obvious that the capacity to use high-energy increased then progressively to reach a maximum of 

diets differ according to fish species, but the lipid 27.8% in April, just before spawning (figure 1). On 
metabolism is also involved in this capacity and the other hand, LSI was low (0.46%) during 

mainly influenced by nutritional status and sexual exogenous vitellogenesis (from October to April) but 

maturation. One of interesting observation is that, significantly increased during the resting period (up 

according to Diaz (1999), disturbances of lipid to 1.62%). HSI did not differ significantly during the 

metabolism appear when the natural capacity of lipid maturation cycle (1.1%). 
storage is overpassed. In wild Eurasian perch, it has 3 40 

been observed that energy is mainly stocked in HSI & LS! GSI 

perivisceral tissues and gonads according to season 25 MHSI OLS! GSI 35 

and needs. Females are single spawners with a group- 30 
synchronous ovary development and energy needs 2 

are greater during vitellogenesis. Indeed, knowledge L 25 
about liver stocking energy capacities, liver status 

; ; 1.5 L 20 
and metabolism, during a reproduction cycle in the | E 

wild is scarce. The main objective of the study was to ' | mainte 15 
investigate the lipid content and fatty acid JB EL 
composition of target tissues and the hepatic status of “0 
Eurasian perch according to maturation cycle of adult 05 E : It 5 

wild fish. | | iE 
Methods. Wild adult females of Eurasian perch were ° July aug oct cab March April June ° 
regularly captured from the Meuse river between SR SR,ENV EXV EXV EXV. OV_ SR 
August 2001 and July 2002. Back from the field, fish , oe 

were killed with a blow to the head, weighed, Figure I. Seasonal variations | of gonado- (GSD, 

dissected to measure the morphological parameters hepato- (HST) and liposomatic indices (LSI) during 
needed to determine the hepatosomatic (HSI) the reproductive cycle of female Eurasian perch. 

gonadosomatic (GSI) and liposomatic indexes (LSI) Maturity stages of Ovaly: S R: sexual resting, ENV: 

(fat around the digestive tract) and sexed. Maturation endogenous vitellogenesis; EXV ; Exogenous 

stages were determined by histological observations vitellogenesis, OV: Ovulation and Spawning. 
of gonads previously fixed in bouin. Samples of liver, In terms of total lipid contents (figur ° 2), muscles of 
gonad and fillet were stored at 80°C prior to lipid Eurasian perch never exceeded 0.9%, while ovary 
extraction. Total lipid of liver and gonad was displayed a sign ificant decre ase Just after spawning. 
extracted with chloroform/methanol (2:1, vol/vol) The lipid content of liver did not differ significantly 

according to Folch et al. (1957), and the total lipid of along the maturation stage althou gh a shigh t decrease 

muscles were extracted with chloroform / methanol / can be observed until the spawning period. Fatty acid 
water (2:2:1.8, by vol) according to Bligh and Dyer (FA) composition of tissues was relatively stable all 

(1959), The FA of total lipids were converted to year round. In muscle, quantity of n-6 
methyl esters with BF;-MeOH and FA separated and polyunsaturated FA (PUFA) significantly increased 
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in February, probably due to C18-2 (n-6) Assuming that muscles represent 65% body weight — 
augmentation. In liver, content of C20-4 (n-6) (AA) (BW), the source of lipid in female perch is, in 
decreased significantly during August. In ovary, decreasing order of importance, perivisceral fats 
content of C22-6 (n-3) (DHA) significantly decreased (0.95% BW), muscles (0.57% BW), gonads (0.30%) 
in June compared to March and April. It has been and liver (0.05% BW). 

observed a transfer of C18:2 (n-6) and C18:3 (n-3) [te - eee pole 
from the liver to the gonad and a bioconversion of the 4 hee a Se a oe 

FA mainly in DHA. oe a to a 
a Srila ee, : ea 

+ ce Se ee ra ee ro oh Total lipid content (%) C Muscle | Hoc seo ao at 
° | Ag 6 es 

m Liver ee ah 2 Oe ce ere ee a Oe ke ae 7 5 Gonad a Tg Ages 6 oo ie ee re at, wl 
fe er ee eee 

° 3 6 <i ° 4 = 4 ee ee ee Oe ee as 
ES aS ee ee 5 o . a0 a er ee . h . 6 So te ee 
. e - 2c. .. .l.llmlUmUmlDhlCU ee 

2 e iL S Ce ene Co oe 
3 = a ee Le Oe re 

a Bt ge = ae ea g ce Se oe Ces [we sO 

° ° 5g 4a "| 758 ° . a ee nc 
11 = a a = oO er es ee ce ee 

i ry ) : J . } | | . | Bn a a ee ee 
0 Es ne we ig ae nt aoe a ee ee 2 Bak 

i wu Sees See eee ee aes . July Aug Oct Feb March Apr ne an 5 peewee ee ee ne “ 
Ree gene ee of . as PEE ORE ae Ue an, aide ta . Kia tt re 

. a _ A RRR ea Figure 2. Seasonal variations of total lipid contents ee ee ee pee 
(%) in female Eurasian perch muscle, liver and car Ac 3° Oe as 7 aan 
gonad. Upper values indicate the number of fish used. ee er CO 2, ee 

i ee ee ee 1 Concerning the liver ultrastructure, the mean area of OR re es ee 
aA; aoe er eS Cass « ia lipid droplets (area of LD/ number of LD) decreased Be ae ee 
from October to the spawning period in April (0.09 to eee rk es oe oe 
0.05m7) (figure 3) while it increased during the - ee KR fetes ws 

; . OD ee ee resting period. A decrease in glycogen storage was | ee eS dee F : a ; oe ee re ee also noticed during the same period, the area of ST ¥ ¥ oS 2 7 
hepatocytes occupied by glycogen granules ranging Figure 3. Electron microscopy of liver of female 
from 15% in October to 7.9% in April. At the perch at the end of sexual resting period (August, 
opposite, RER area increased but not significantly. photo A) and at the end of exogenous vitellogenesis 
Mitochondria area increased during the reproductive (March, photo B). 
cycle (0.31pm? in August to 0.83 pm? in April) and Acknowledgements. Thanks to A. Evrard for fishing 
decreased in June (0.48 pm’). wild perch and to the staff of electron microscopy 
Discussion. During the sexual resting period, females laboratory, especially M.-F. Boulanger. 
accumulated energy as perivisceral fat and, to a lesser References. Bligh, E.G., and Dyer, W.J. 1959. A 
extend, into the liver. Size of LD was large and rapid method of total lipid extraction and purification, 
glycogen storage was maximum. Lipid content of Can. J. Biochem. Physiol. 37, 911-917. 
ovary was low. A significant decrease of hepatic Dias J.P. 1999, Lipid deposition in rainbow trout 
energy reserve (glycogen and LD) can be attributed (Oncorhynchus mykiss) and European Seabass 
to exogenous vitellogenesis. Protein synthesis and (Dicentrarchus labrax): Nutritional regulation of 
energy needs increased during vitellogenesis hepatic lipogenesis. Instituto de Ciéncias Biomédicas 
inducing an increase of RER and mitochondria. de Abel Salazar, Universidade do Porto, Portugal. 
Physiological processes are focused to reach the Folch, J., Lees, M. D Sloane Stanley, G.H. 1957. 
maturation of ovary. In conclusion, general profiles A simple method for the isolation and purification of 
of FA composition of tissues in perch match with the total lipids from animal tissues, J. Biol. Chem. 226, 
observations of previous researchers (Xu & 497-509. | 
Kestemont, 2002). Eurasian perch is characterized by Xu X. and Kestemont P. 2002. Lipid metabolism 
a high content of C22:6 (n-3) (DHA) in liver, gonad and FA composition in tissues of Eurasian perch 
and muscles (31.3; 22.8; 23.0%, respectively). Perca fluviatilis as influenced by dietary fats. Lipids 
During a whole annual cycle, the average lipid 37, 297-304. 
content of female liver never exceeds 4.3%. 
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ENHANCING GAS BLADDER INFLATION IN LARVAL WALLEYE: COMPARISON OF TWO 
METHODS FOR REMOVING AN OILY FILM FROM THE WATER SURFACE OF CULTURE TANKS 

Charles T. Boggs, and Robert C. Summerfelt, Department of Natural Resource Ecology and Management, Iowa 
State University, Ames, IA 50011-3221, USA, rsummerf@iastate.edu 

- Introduction. Larviculture of many freshwater and then rinsed with trichlorethane (TCE) into a funnel to 
marine fishes is adversely affected when gas bladder separate water from the oil-TCE solution (Figure 2). 
inflation (GBI cannot be accomplished because an Oil concentration infiow 
oily layer at the air-water interface prevents the was quantified by (5 aa oe FEET 
larvae from penetrating the surface to gulp air. Non- spectrophotometry Bs en q 
inflation of the gas bladder (NGB) was the major at 328 nm wave- 1 NK 
limiting factor for intensive larval walleye (Sander length. Oil thick- “ ; ©... 4 
vitreus) reared on formulated feed until the oily film ness on the surface roe a 
was removed by impacting the surface with a strong of the culture tanks ccteeceeremmaerr ald 
water spray Moore et al. (1994). Chapman et al. was estimated from intow 
(1988) suggested that the oil originates from food and the ratio of oil See: 
feces, or released from oil globules of dead fish. An volume to surface ; a esd k 
air blower-surface trap (Chatain and Ounais- area of the aquaria. sg : @-—-4 
Guschemann 1990) and an air jet-oil skimmer Oil samples were BT ore 
apparatus (Lim 1993) have been used to remove oil collected from ; Leo 
from the surface of culture tanks to improve GBI. tanks before fish enemas 
Van Olst et al. (1990) found that an oil sorbent cloth were added to scheme 662 mere 
was ineffective to remove oily film from tanks used determine if any oil Bo ae ae ae 
for larval culture of striped bass (Morone saxatilis). was already present De OE 
Summerfelt (1991) reported that sorbent cloth did not in the system, and. § OS on mince 
improve GBI of intensively cultured larval walleye. when fish were 7, ere “vn 
Moore et al. (1994) reported that larval walleye had 9,11, 14, 16, and Al oD 
substantially greater gas bladder inflation when 18 days posthatch renee mpemerrmmenad 

cultured in tanks with a water surface spray than (dph). Two Figure 1. Tank types: A. 
larvae reared without a spray. samples were taken control; B. surface spray; C. 

The objective of the present study was to from every tank tank with air jet to push oily 
compare the performance of two methods for each sampling day _ surface within ring (oil trap). 
reducing the thickness of the oil layer on the surface and the mean of 
of culture tanks used for larviculture of walleye. these two measure- \ 

ments used in the Yo Se 
Methods. Three tank types were evaluated, each analysis. Vo 
with three replicates: control with no oil removal Larvae were _{- 
apparatus (Figure 1A); tank equipped with a surface- stocked at 30 fry/L. \/ 
spray (Figure 1B); and tank equipped with air jet-oil Water temperature 

trap (Figure 1C). The surface spray was oriented at was maintained L 
90° angle to the tank surface and perpendicular to the between 15 and ( = 
water flow (Moore et al. 1994). The design of the air . 16°C. Fish were 
blower-surface trap was similar to that described by fed Fry Feed \es 
Chatain and Ounais-Guschemann (1990). An air jet Kyowa, B-400 and en 
across the water surface pushed the surface film into B-700 in ratios and a ™ 
the trap where oil and floating debris was manually rates related to fish co 
removed with a suction device (“turkey baster’”). A age: 100% B-400 fi aster 

glass plate procedure, similar to that used to collect from 3-5 dph (2.5 J ™ 

microfilms from the ocean’s surface (Harvey and g/1000 fry), 75% 

Burzell 1972), was used to collect oil samples from B-400: 25% B-700 Figure 2. Glass plate oil 

the surface of culture tanks (Boggs and Summerfelt (7.6 g/1000 fry) sampler and funnel to 
1996). Oil from the water surface adhered to the from 6-12 dph, separate water from oil and 
glass plate as the plate was submerged perpendicular 50% B-400:50% TCE solvent. 
to the water surface. The plate slowly removed and 
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B-700 (7.0 g/1000 fry) from 13-15 dph, and 25% B- thickness was not different between the control and 

400:75% B-700 (8 g/1000 fry) from 16-18 dph. At other two treatments. Gas bladder inflation with the 

the end of the experiment, fry in all tanks were surface spray was 20.6% greater than with the air jet- 
counted to determine survival and GBI. trap apparatus and surface spray had the additional 

| advantage in that it did not require daily effort to 

Results. Maximum oil layer thickness was in the 7 manually remove the accumulated oil. Oil layers 

to 9 day interval and least in the 16 to 18 day interval were significantly thicker during the early stage of 
(Table 1). Differences in oil layer thickness among fry development when the oil globules were the 
treatments within intervals were not significant, but largest; oil thickness declined as the oil globules were 
within treatments differences between intervals were absorbed. Our findings support the supposition by 
statistically significant. During the 7 to 9 day Chapman et al. (1988) that the oil is mainly released 

interval when most fish inflated their gas bladder, the from oil globules of the dead larvae. 
thickest oil layer occurred in the control group and 

the smallest thickness in the treatment with the Acknowledgments. This was project no. 2982, Iowa 

surface spray (Table 1). Agriculture and Home Economics Experiment 

Table 1. Mean oil thickness (47m) on the water surface Station, supported by Hatch Act and State of Iowa 
before fish were stocked (W/O fish) and at three funds. 

intervals, and GBI when fish were 19 dph. 
$$ References. 

Oil Treatment 

thickness ___Control__Spray _Trap__ Boggs, C. T., and R. C. Summerfelt. 1996. A 
W/0 fish 0.114 0.114 0.114 method for sampling and estimating the thickness of 
7 to 9 dph 0.404 0.306 0.332 oil surface microlayers in larviculture tanks. Pages 

| lltol4dph —- 0.168 0.185 0.223 616-622 in G. S. Libey and M. B. Timmons, editors. 
16 to 18 dph 0.176 0.176 0.162 Successes and failures in commercial recirculating 
GBI (%) 21.78 62.36 41.7° aquaculture. NRAES-98, volume 2. Cornell 

Oil globule diameter of prolarvae was 0.91 mm at see chasman D.C. W. A. Hubert, and U. T. 

hatching, 0.36 mm by 12 dph, and completely Jackson. 1988. Influence of access to air and of 
am (10 salinity on gas bladder inflation in striped bass. 
= . y = 1.00 - 0.058% Progressive Fish-Culturist 50:23-27. 
= of NN r= 0.91 Chatain, B., and Ounais-Guschemann, N. 1990. 
s “N Improved rate of imitial gas bladder inflation in 
E 0.6 NN intensively reared Sparus auratus. Aquaculture 

o SN 84:345-353. 
2° Gil glob ule WJ _ Harvey, G. W., and L. A. Burzell. 1972. A 
2 02 present NN Oil globule simple microlayer method for small samples. 
a” Transition 25ent Limnology and Oceanography 17:156-157. 

OS on Lim, L. C. 1993. Larviculture of the greasy 

0 2 4 6 $8 10 12 14 16 18 20 grouper, Epinephelus tauvina and the brown-marbled 
Days posthatch grouper, E. fuscoguttatus in Singapore. Journal of 

Figure 3. Rate of oil lobule absorption by walleye: the World Aquaculture Society 24:262-273. 
data points are means of 30 fish from each treatment. Moore, A., M.A. Prange, R.C. Summerfelt, and 

R.P. Bushman. 1994. Evaluation of tank shape and a 
absorbed by 16 dph (Figure 3). The maximum surface spray for rearing larval walleye on formulated 

thickness of the oil layer coincided with an oil feed. Progressive Fish-Culturist 56:100-110. 
globule of 0.4 to 0.55 mm and least after the oil Summerfelt, R. C. 1991. Noninflation of the 

globule was fully absorbed. gas bladder of larval walleye (Stizostedion vitreum): 

Differences in GBI among treatments were experimental evidence for alternative hypothesis of 

highly significant (P < 0.001%, Duncan’s multiple its etiology. Pages 290-293 in European Aquaculture 

range test); the highest GBI was 62.3% for fish in the Society, Special Publication No. 15, Gent, Belgium. 
spray treatment (Table 1). Van Olst, J. and others. 1990. Domesticated 

broodstock and intensive fingerling culture 

Discussion. Both water-surface-sprays and blower techniques for commercial striped bass farming. 
and trap apparatus enhanced GBI even though oil National Science Foundation SBIR Report. 93 pp. 
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VARIATION AMONG STOCKS OF WALLEYE (): LENGTH AT HATCH, AND LARVAL 
DEVELOPMENT 

Brian T. Bristow and Robert C. Summerfelt, Department of Natural Resource Ecology and Management, 124 
Sciences 2, lowa State University, Ames, IA 50011-3221 , USA, rsummerf @iastate.edu 

Introduction. The success achieved in the intensive 50 fish from each stock were examined for presence of 
culture of walleye (Sander vitreus) from fry (larvae) food in the gut, cannibalism, and measurements were 
to fingerlings has benefited from understanding the made of oil globule diameter, yolk sac and total length. 
rapid biological changes in form and function in Additional measurements of yolk sac length were taken 
larval development. Noninflation of the gas bladder, _on at least ten fish per stock per day for calculation of 
for many years the major limiting factor in intensive yolk sac absorption. The initiation of cannibalism was 
culture of larval walleye occurs in a 6-day interval determined with daily observations of each tank. 
from 6 to 12 days posthatch, coinciding with yolk 
sac depletion and initiation of feeding (Marty et al. Results. Spawning season spanned about 42 days across 
1995). In the Iowa stock, the mouth did not open the region (Table 1); it was strongly correlated with 
until the third day (47 daily temperature units, DTUs, latitude of the fish hatchery (Figure 1). At similar 
°C), and the secondary lamellae of the gills first latitude, fish spawned and their eggs hatched at similar 
develop when fish are 10 to 12 days posthatch or dates (e.g., OH and KS, IA and WI, and MN and ND). 
163-198 DTUs (Phillips and Summerfelt 1999). Until 
feeding commences, the yolk sac and oil globule Table 1. Mid-point of spawning and hatching date. 
provide energy for activity and growth, and until the 
secondary lamellae develop, larvae must rely upon Stock Mid-point 
cutaneous respiration. Spawn Hatch 

| Although some developmental changes in larval OH March 25 April 7 
walleye have been described for a few stocks, KS March 26 April 7 
temperature relationships to developmental events IA April 13 May 4 
have not been compared among stocks. Thus, to fill WI April 20 May 3 
gaps in information, we compared among progeny of | MN May | May 25 
walleye from geographically distinct stocks in Iowa ND May 6 May 29 
(IA), Kansas (KS), Minnesota, (MN), North Dakota 
(ND), Ohio (OH) and Wisconsin (WI), egg diameter, 1307 Y =-98.123 + 4.661 * X;RA2 = .961 
length at hatching, and DTUs to complete yolk sac 125 e 
and oil globule absorption, and DTUs to initiate 9120 ° 
feeding, and start of cannibalism. The OH stock is B115 
the only captive broodstock. Since 1975, they were @ 10 ° 
maintained and propagated in ponds at the Ohio $105 e 
Department of Natural Resources, London State Fish 2! 3 . 
Hatchery on a combination of natural and formulated = 90 
feeds (Nagel 1996). The IA, KS, and ND stocks are B es ; 
in the Missouri River basin, the MN stock in the 80 
Hudson Bay drainage basin, and the WI stock the $8 39404142 43 4445 4647 48 
Mississippi River basin. Latitude 
Methods. All stocks were obtained as eyed eggs, Figure 1. Relationship between mid-point of the then incubated in McDonald hatching jars at 15°C. spawning season and latitude of the fish hatchery. 
Average egg diameter of each stock was determined 

from three samples of eggs measured in a Von Bayer Stock differences in length at hatch were statistically 
tray 24-hours before hatching commenced. At the significant (Table 2), but the correlation between length at 
peak of hatching, total length, oil globule diameter, hatching and egg diameter was not statistically 
and yolk sac length were recorded from 150 fry, and significant. 
also at 2-days posthatch when they were stocked into Significant differences occurred among stocks in the | 
the culture tanks. Feeding (BioKyowa B-400) began DTUs for all developmental events (Table 3). The KS 
when fry were 3-d posthatch. The mean culture fry were the fitst to fully absorb the yolk sac (54 DTUs) 
temperature for the six stocks ranged from 15.9 to and the WI stock was the last (80 TU). An overall mean 
16.9 C; the mean of means was 16.4°C. At 50,150, for the six stocks for yolk sac absorption was 68 DTU or 
and 250 DTUs posthatch and at 21-days post-hatch, about 5 days posthatch. 
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Table 2. Comparison of egg diameter (mm) and total The DTUs to the onset of cannibalism was not correlated 
length (mm) of six stocks of walleye (mean + SD) with the DTUs to yolk sac or oil globule absorption (P 

value for r < 0.05), but there was a strong relationship 
Stock Egg Total length between the DTUs to onset of cannibalism and onset of 

diameter at hatch” first feeding (Figure 1). There was a gap of about three 
OH 1.90a + 0.04 6.9a + 0.01 days between the full absorption of the yolk sac and the 
KS 1.99a + 0.02 7.9¢ + 0.04 initiation of exogenous feeding (Table 4). 
IA 1.93a + 0.02 7.5b + 0.06 

WI 1.90a+0.06 7.9¢+0.05 Table 4. Comparison of DTUs for larval walleye to 
MN 1.96a + 0.04 8.2d + 0.07 complete yolk sac and oil globule absorption, and to 
ND 1.94a + 0.04 6.7e + 0.08 commence feeding, gas bladder inflation (GBI), and 
P - value 0.08 0.0001 cannibalism. 

“Values with letters in common are not significantly —©§_ —————$ SSS 

different (Fisher's LSD test. P > 0.05). Event McElman = LI Present study 
and Balon Mathias Mean (6 stocks) 

The oil globule was fully absorbed about 14 days at (1979) ___ (1982) 95% CY) 
about 16°C. The oil globule diameter of fry at 150 | Yolk sac 100 100 68 (58 - 77) 
DTUs that had feed in the gut were significantly Oil globule N 210 227 (199 - 253) 
larger (P<0.05) than larvae without food in their gut. Feeding — 101 104 132 (113 - 152) 
The WI stock was one of the first to fully absorb the Cannibalism N 114 128 (104 - 152) 
oil globule (205 TU) but was one of the last to begin GBI 35 UN 50 (134 - 165) 
feeding (137 TU). The initiation of cannibalism 
ranged from 111 TU for the MN stock to 172 TU for | Discussion. There were significant differences among 
the OH stock stocks in all developmental events, which may be genetic 

or environmental. Larvae that commence feeding had 

Table 3. DTUs for the completion of yolk sac and _!arger oil globules, perhaps providing an energy reserve. 
oil globule absorption, first feeding, and onset of | Although feeding need not begin until larvae are 3 dph, 
sibling cannibalism (Cann.). initiation of feeding was nearly simultaneous with onset 

of cannibalism; i.e., the first food a larval walleye may be 

Stock Yolk Oil. —initiate. = Cann.” its sibling! 
Sac’__ globule*__ feeding” 

OH 13b 51c 167b 172¢ Acknowledgments. Research support provided by the 
KS 54a 226b 129a 125b North Central Regional Aquaculture Center. We are 
IA 70b 188a 120a 114a grateful to agencies and hatchery personnel that provided 

WI 80c  205a 137ab 130b walleye eggs. 
MN 63ab =. 236b 115a llla 

ND 67b  252c =O :125a 118ab References. 
Mean 68 6 132 128 Li, S., and J. A. Mathias. 1982. Causes of high 
*See footnote to Table 2. mortality among cultured larval walleyes. Transactions of 

the American Fisheries Society 111:710-721. 
§ 200 - Y =-30.014 + 1.198 *X: r= .993 Marty, G. D., D. E. Hinton, and R. C. Summerfelt. 
S P-value for Z test forr= <0.0001 1995. Histopathology of swimbladder noninflation in 
© 180 walleye (Stizostedion vitreum) larvae; role of develop- 
S ment and inflammation. Aquaculture 138:35-48. 
“ 160 McElman, J.F., and E.K. Balon. 1979. Early 
® 140 ontogeny of walleye, Stizostedion vitreum, with steps of 
5 ; salutatory development. Environmental Biology of 
9 120 Fishes 4:309-348. 
2 ? Phillips, T.A., and R.C. Summerfelt. 1999. Gill 
E 100" 00 110 120 130 140 150 160 170 development of larval walleyes. Transactions of the 

DTUs to initiation of Feeding American Fisheries Society 128:162-168. 

Nagel, T. 1996. Development of a domesticated 
Figure 2. Relationship between DTUs to onset of walleye broodstock. Pages 75-76 in R. C. Summerfelt, 

cannibalism and initiation of first feeding: data | editor. Walleye culture manual. NCRAC Culture Series 
represent the mean value for each stock (see Table 3). 101. North Central Regional Aquaculture Center 

Publications Office, Iowa State University, Ames. 
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DIETARY LIPID STUDIES WITH YELLOW PERCH (PERCA FLAVESCENS) 

Paul Brown, Deborah Cartwright, Ron Twibell, and Anant Bharadwaj, Department of Forestry and Natural 
Resources, 195 Marsteller Street, Purdue University, West Lafayette, IN 47907-2033, USA, 
pb@purdue.edu, and Bruce A. Watkins, Department of Food Science, 745 Agriculture Mall Drive, Purdue 
University, 47907-2009, USA. 

Introduction. The yellow perch is an important concentrations were 23-36% in fish fed 
food fish in the Great Lakes Region of the US. menhaden oil and 23-28% in fish fed the 
Total commercial harvest from the Great Lakes combination of menhaden and soybean oils. 
was as high as 35.6 million pounds (16.18 Total n-3 fatty acid concentrations were 28-44% 
million kg) in the later 1960’s. However, in fish fed various lipid sources and total PUFA 
population levels and commercial harvest have concentrations were 32-49%. The typical 
declined significantly since then. Loss of supply indicators of essential fatty acid deficiency in 
coupled with traditional demand stimulated new fish (fatty liver and increased 18:1n-9 

| interest in aquaculture. However, there are no concentrations) were not responsive in this 
diets formulated for the yellow perch and only a Study. Weight gain data suggests that perch may 
few nutritional requirements have been have a requirement for both n-3 and n-6 fatty 
quantified. acids as do chum salmon and common carp. 

Dietary lipid is an important source of Further, the n-3 and PUFA concentrations of 
energy, fat-soluble vitamins and fatty acids in perch muscle are among the highest of any fish. 
fish. We conducted a series of studies designed CLA. CLA is an atypical n-6 fatty acid 
to evaluate the efficacy of various lipid sources, displaying significant health benefits in humans 
provide an indication of the essential fatty acid and whole animal benefits in farm animals. It 
requirement of perch, and evaluate the dynamics occurs in many geometric configurations and 
of conjugated linoleic acid (CLA). All studies naturally occurs in ruminant meat products. We 
‘were conducted in a scientifically valid manner. fed a mixture of CLA isomers to perch and 
We used all-female fish originating from Lake observed significant improvements in weight 
Mendota and purified diets identified as gain at both 0.5 and 1.0% CLA in the diet. Total 
appropriate in preliminary studies. We fed all CLA concentrations in muscle of perch were 
fish to satiation and conducted all experiments at 1.19% and 2.60% of fatty acids in fish fed 0.5% 
22+1C. and 1.0% CLA, respectively. EPA concentration 
Lipid Sources. In our dietary lipid studies, we in perch muscle was 6.3-6.4% and DHA 
incorporated various dietary lipid sources into concentrations were 35.1-37.8% in fish fed CLA. 
diets at 6, 12 or 18% and adjusted carbohydrate Total n-3 fatty acid concentrations were 43-46%. 
concentrations to maintain similar gross energy In a second study, various sources of CLA were 
levels. Lipid sources evaluated were menhaden fed to perch and, based on retention of isomers in 
oil, cold-pressed soybean oil, coconut oil, tallow liver fatty acids, 18:2(t-10,c-12) appeared to be 
and a 1:1 (wt:wt) mixture of menhaden and the biologically active isomer in perch. CLA 
soybean oils. The study was designed an isomers first appeared in muscle samples at 14 
analyzed as a 5 x 3 factorial. Weight gain was days after initiation of feeding and were at 
significantly affected by dietary source and level, maximum concentrations at 28 days. Thus, CLA 
but not the interaction of the two main effects. could be fed as a finishing diet during the last 2- 
Within each of the single lipid sources, weight 4 weeks of the production cycle. 
gain decreased as dietary lipid source increased In conclusion, perch appear to require both 
from 6 to 18%. However, weight gain of fish fed n-3 and n-6 fatty acids in their diet and 
the combination of menhaden and soybean oils regardless of dietary lipid concentrations, perch 
did not exhibit decreased weight gain as dietary exhibit relatively low muscle fat concentrations. 
lipid concentration increased. Muscle lipid More importantly, the fatty acid profile of that 

: concentrations were low, regardless of dietary retained lipid appears to be among the better 
treatment. The highest value was 5.9% (dm fatty acid profiles for human consumption, with 
basis) in fish fed 18% tallow, most values were as much as 45% of fatty acids as n-3s. These 
between 1 and 2%. The EPA (20:5n-3) - facts indicate that perch diets will not be difficult 
concentration was 6-9% in fish fed menhaden oil to formulate or manufacture and there are 
and 4-5.5% in fish fed the combination of significant marketing opportunities for perch as a 
menhaden and soybean oils. DHA (22:6n-3) health food. 
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GROWTH OF YELLOW PERCH EXPOSED TO DIFFERENT FACTORS IN TANKS 

Terry A. Dick, Dean Jeske, Wenyin Chen and Mingchuan Lu, Department of Zoology, University of 
Manitoba, Winnipeg, Manitoba, Canada R3T 2N2 

Introduction. As a culture species yellow perch coefficient of variation and percent increase in 
is considered to be slow growing, reach sexual total biomass was determined. 
maturity prior to market size, show considerable Density Experiment 2 measured SGR and 
size variation and are susceptible to non-specific density over 134 days to determine optimum 
diseases. The variation in size of same-age densities for perch growth. Two lines of perch 
eurasian perch grown in ponds and tanks is were tested. 
considerable (Kestemont and Melard, 2000) Grading experiment 1. Since the initial study 
However size sorting techniques suggest that showed little difference among perch raised 
such a strategy may cause a slight deficit in individually and in groups this experiment was 
growth of eurasian perch (Melard et al 1996). done to determine changes associated with 
The objective of the initial growth experiment grading. Yellow perch were graded by dividing 
was to determine if intraspecific interactions above and below the initial mean weights of 21° 
might account for some of the variation that is and 25 g and then recording growth over 84 
observed in yellow perch collected from the wild days. Fish were weighed at two-week intervals 
and raised in tanks. The second objective was to to determine the proportional increase in biomass 
determine if perch grew differently under and SGR. Fish were fed to apparent satiation and 
ambient light and artificial photoperiods of exposed to a 16L:8D light cycle. 
16L:8D and if rearing in currents influenced ; 
overall growth. The third objective was to Results. Table 1 shows that perch raised 
determine the optimum density for perch raised individually grew slightly slower than perch 
in tanks for different genetic lines of yellow raised in groups of 4 or 36 individuals 
perch. The fourth objective was to determine if 
yellow perch separated into small and large Table 1: Growth of yellow perch singly and in 
groups had the same growth characteristics. groups of 4 and 36. 
Methods. Yellow perch were raised entirely in Group 
tanks. Yellow perch used in these studies were No. fish 36 (2) 4 (5) 1 (36) 
from the following selection program. Selection Density (g/l) 
criteria include an ability to consume particle Initial 20 2.5 2.5 
sizes of 300-500 microns at first feed, live feed Final 42 4 4 
for 2-3 weeks, conversion to commercial feeds Wt(g) 
between 14-21 days after first feed, selection for Initial 22.1 21.4 25.3 
non-piscivorous fish, low visceral fat and gonad +10.8 +8.4 +11.7 
weight at market size < than 5% body weight. Final 47.2 42.0 50.4 
Growth of yellow perch was determined for fish +15.5 +20.0 +23.6 
with initial weights ranging from of 2 to 3 gms. cv" 55 47 47 
Perch were raised in square 48 | tanks and in a +ve growth* 
doughnut shaped circular tank with flow rate of 4 Initial 75 45 78 
cm/sec at 20°C for a period of 180 days. Perch Final 100 100 97 
were fed three times daily to apparent satiation % increase in 107 96 94 
and weighed periodically. Yellow perch were biomass 
exposed to a photoperiod of 16 hrs light and 8 = coefficient of variation; + = number of 
hrs dark and ambient light ranged from a high of replicates; * = % fish with positive growth 
16 hr to a low of 8 hr of light. 
Density experiment 1: Yellow perch were reared Perch grew the same in tanks with current and in 
at 20°C under ambient light (11-16 hr), fed to square tanks at ambient light (Figure 1). Perch 
apparent satiation for 112 days and perch were grown at 16:8 photoperiod showed the best 
individually marked. Perch were raised in groups growth. Groups of 4 individuals had the lowest 
of 4 (5 replicates), 36 (2 replicates), and initial density (2.5 g/l) and also had the fewest 
individually (36 replicates). Two independent individuals with positive growth during the early 
experiments were run. Specific growth rate, stages. At the end of the experiment the percent 

of individuals with positive growth was similar 
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for all groups. Groups of 36 produced the highest The smaller component of graded perch | 
total % change in biomass and also had the populations had an increase in total biomass of 
highest coefficient of variation but neither values ~70% while the larger component of perch had a 
were markedly different from the other treatment biomass increase of ~ 50 % over 84 days. 

groups. Discussions. Yellow perch in this study grew 

best at a light dark cycle of 16:8 and corroborates 
studies of Huh et al (1976). Jourdan et al (2000) 

also found that eurasian perch grew better at 
10 - ow eee Perch 18°C and 24°C than at 12°C. Schooling of perch 
35 | | =a - Aber | was much more evident in the circular tank with 

| ———o——Amtientcurent current but growth was similar to that in square 
8 35 tanks. This indicates that while schooling 
S ° behavior may be more evident in currents it does 
3% ° not confer a growth advantage. 
2 : | o x Fish species such as Arctic charr exhibit 

. | 8 intraspecific interactions as evidenced by faster 
growth of the larger, dominant fish which has 

0 SF? oe 
0 30 60 0 120 150 ~©480 been interpreted to contribute to size variation in 

, Time (days) tanks. Perch do not seem to exhibit this 
phenomenon. The optimum density for yellow 

Figurel. Growth of yellow perch at 16L:8D and perch in this study was between 90 and 140g/I 

ambient light in square and circular tanks. and density appears to be influenced by the 
. genetic background of the perch. Grading results 
The SGR and density characteristics of two indicate that smaller yellow perch grew 

lines of perch are illustrated in Figures 2 and 3. somewhat faster suggesting that grading may be 

| beneficial in some situations. 
16:8 94 00 02 SGR-Parentage-Density 
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densities. Three replicates at each time. Intensive culture of juvenile and adult Eurasian 
perch (P fluviatilis) in tanks: effect of 

Figure 1 showed that the SGR of line 1 perch did temperature and size grading on growth. Journal 
not decline until density approached 150 g/l. On of Applied Ichthyology 12: 175-180 
the other hand line 2 perch (Figure 2) showed a 
decline in SGR at about 100g/1. 
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BIOLOGY AND CONTROL OF THE EURASIAN PERCH PERCA FLUVIATILIS REPRODUCTIVE 
CYCLE. 

Pascal Fontaine’, Hervé Migaud!, Jean-Noél Gardeur', Charles Mélard’, Neil Wang!, Caroline Pereira’, Michel Marie! and Patrick Kestemont’. 1: Laboratory of Animal Sciences, INRA — INPL — UHP Nancy 1, MAN, 34 rue Ste Catherine 54000 Nancy, France, pascal. fontaine@I|sa-man.uhp-nancy.fr ;.2: University of Liege, Aquaculture Research and Education Center, 10 Chemin de la Justice, B-4500 Tihange, Belgium; 3: University of Namur, URBO, 61 rue de Bruxelles, B-5000 Namur, Belgium 

Introduction. The Eurasian perch, Perca fluviatilis, females (33-38% vs 7-8%) and spawning (31-33% vs has been identified as a species destined for 0%) (P < 0.05). Spontaneous out-of-season spawning diversification of inland aquaculture. In Western (17 ribbons) and larvae were obtained for the first Europe, the aquaculture development is mainly time in this species (Migaud et al. 2003b). Relative linked with its intensive rearing in recirculating fecundity was about 100 eggs.g” of female body aquaculture system (R.A.S.). In order to satisfy the weight. Five ribbons were fertilized at rates ranging market requirements, reproductive cycle must be from 5 to 90%. Delayed spawning in Eurasian perch controlled to obtain out-of-season spawning and can be induced by temperature manipulations, but produce fingerlings throughout the year. For 8 years, treatments tested are not efficient enough because of 
in order to meet this overall objective, different low female maturational and spawning rates and high 
studies (in indoor and outdoor conditions) have been variability of fertilization rate (Migaud et al., 2001b). 
successively conducted. . The effects of photoperiod have been also Reproductive cycle in natural habitat. From April investigated in further experiments to improve the 1995 to April 1996, the annual reproductive cycle of protocol for inducing out-of-season spawning male and female Eurasian perch Perca fluviatilis (Migaud et al., 2001b). Firstly, three photoperiodic 
(morpho-anatomical and sex steroids changes) was regimes were tested in triplicate : continuous studied at the Departmental Fishfarming Lindre photophase, constant daylength set at 16L:8D and 
Center (Moselle — France) (Sulistyo et al., 1998, natural photoperiod, to determine the effects of 2000). More recently the testosterone (T), estradiol- photoperiodic regimes on the onset of gonadogenesis 
178 (E) and 17, 20P-dihydroxy-4-pregnen-3-one in males and females under ambient thermal (17,20B-P) variations have been measured during the conditions. This study showed that a continuous pre-ovulatory period in female Eurasian perch, and photophase, applied to fish from mid-July to October, the ovarian synthesis of 17,20B-P and 17, 20B, 21- inhibits the initiation of the perch male and female trihydroxy-4-pregnen-3-one (20B-S) has __ been reproductive cycle (GSI below 2 % and 1% in examined (Migaud et al., 2003a). Results suggest a females and males, respectively). Under a constant 
role for 17,20B-P in the final stages of oocyte daylenth regime, a very heterogeneous gonadal development and spawning release. Spawning occurs development was observed. These results are in in early spring over 6-7 weeks (March ~ April). accordance with previous studies in which 
During this period, the eggs and larvae quality highly photoperiod was fixed at 12L:12D (Migaud et al., fluctuates (Kestemont et al. 1999, Migaud et al., 2002). Under a natural photoperiod regime, gonadal 
2001a). development (GSI above 3 %) was in accordance to Environmental control of the reproductive cycle. that of fish harvested from natural habitat at the same 
The environmental cues of the reproductive cycle period of the year. Thus, the initiation of were studied to determine the respective effects of gonadogenesis and gametogenesis would need | the seasonal variations of temperature and seasonal daylength variations. A  10-month photoperiod. Previous work performed in several experiment was also carried out to investigate the percids species suggest that temperature would play effects of photoperiodic regimes under ambient 
the major role in the timing of the reproductive cycle, temperature on a complete reproductive cycle and especially final maturation and spawning (Craig, spawning quality. Fish were reared in 12 tanks (3000 2000). L, 88 fish/tank, initial weight of 300g, age=2*) in an Recently, Migaud et al. (2002) have shown in outdoor recirculating system and subjected to 4 
indoor conditions that a long cooling period (6 weeks photoperiodic regimes in triplicate: continuous vs 3 weeks, from 21 to 6°C) allowed a more photophase, constant daylength (16L:8D) as advanced gonadal development in females, correlated observed in indoor conditions and natural and with a higher increase of oocyte diameter and higher simulated natural photoperiod. The results confirmed 
plasma levels of testosterone. In the same way, a those obtained in the first experiment and showed longer chilling period (5 months vs 3 months, at 6°C) effects on egg quality with lower fecundity, resulted in higher gonadosomatic indexes (GSI), fertilization rate and egg size under constant plasma testosterone and protein phosphorus levels. daylength compared to the natural and simulated The fish exposed to a cooling period of 6 weeks and natural photoperiods. Hatching rate in the natural a chilling period of 5 months also showed the largest photoperiod treatment averaged 54 %, whereas it was GSI, and highest plasma estradiol and testosterone nil in the simulated natural photoperiod and constant levels. Finally, at the end of the chilling period, a daylength treatments. Light characteristics (spectrum, short water warming period up to 14°C (one month intensity, daily changes...) appeared to have an effect 
vs two months) resulted in higher rates of mature 
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so release and egg quality (Migaud et al., Migaud, H., J.N. Gardeur, L. Fordoxcel, P. 

C). Fontaine, and J. Brun-Bellut. 2001a. Influence of the 

More recently, it was demonstrated that spawning time during the reproduction period on the 
variations of the photoperiod conditions during the larval quality of Eurasian perch, Perca fluviatilis. 

period preceding the application of inducing photo- LARVI 2001. Ghent 371-374 ° 
thermal programs can completely inhibit the ; > Sanents PP. 2 fh 
initiation of gonadogenesis and gametogenesis in Migaud, H., J.N. Gardeur, P. Kestemont, and P. 
males and females. Fontaine. 2001b. Influence of the temperature and 

Broodstock management. First results have photoperiod on the broodstock gonadogenesis, 
demonstrated the effects of the broodstock intrinsic spawning and larvae quality of Eurasian perch, Perca 

characteristics and/or management on their fitness to fluviatilis. LARVI 2001, Ghent, pp. 375-377. 
reproduction under controlled conditions. Fish age, Migaud, H., P. Fontaine, I. Sulistyo, P. 

spawning time and food composition have an effect Kestemont. and J.N. Gardeur. 2002. Induction of 

on spawning quality. Generally, gamete quality f ° To, Eu 7 h P 

increases with the age of the fish. However the out-o “season Spawning in burasian peren ferca 

selection of broodstock from a batch of fish reared fluviatilis: Effects of cooling and chilling periods on 
from the larval stage in R.A.S. should target smaller female gametogenesis and spawning. Aquaculture 
fish (200-250 g vs 350-400 g) as a significant effect . 205:253-267. 

| of body weight was observed, with 2 better sop Migaud, H., R. Mandiki, J.N. Gardeur, A. 
evelopment recorded for smaller broodstoc 

0.05, Migaud et al., 2003b). Likewise, broodstock aie P. beeen ane r Fontame. ee 

with a higher relative growth rate during the ynthesis Of Sex sterol S m fina oocyte matura 10n 

reproductive cycle may have better reproductive and induced ovulation in female Eurasian perch, 

performance. That could be related to feeding Perca fluviatilis. Aquatic Living Resources 16, (in 

behavior. Regarding the effect of the quality of press). 
broodstock diet, high levels of eicosapentaenoic Migaud, H., J.N. Gardeur, P. Kestemont, and P. 

(EPA) and docosahexaenoic acids (DHA) improve Fontaine. 2003b. Off-season spawning of Eurasian 
the eggs and larvae quality of Eurasian perch (Abi- er ; 
Ayad et al., 1997). Gn so fluviatilis. Aquaculture International 11, 

. : in press). 
Broodstock mortality. During the spawning season, a 

Eurasian perch broodstock showed high mortality Migaud, H., R. Mandiki, J.N. Gardeur, P. 
rates (50-100%). In relation to reproduction and Kestemont, N. Bromage, and P. Fontaine, 2003c. 

environmental conditions, the physiological (high Influence of photoperiod regimes on the Eurasian 

cortisol levels : 50-110 ng.ml') and immunological perch gonadogenesis, spawning and egg and larvae. 
(weakness of the non-specific immune response) Fish Physiology and Biochemistry, (in press). 
status of the broodstock could explain these high Sulis ; ; 

; tyo, I., J. Rinchard, P. Fontaine, J.N. 

mortality rates (Wang et al., 2003). Gardeur, B. Capdeville, and P. Kestemont. 1998 

Conclusions. The environmental control of the Re roductive Cc ole and : lasma levels of sex steroids 
reproductive cycle is now relatively well understood. neP ye P Lege 
The application of artificial conditions allows in female Eurasian perch Perca fluviatilis, Aquatic 

production of out-of-season spawning. However, Living Resources 11: 101-110. 
further studies are necessary to improve the quality Sulistyo, I., P. Fontaine, J. Rinchard, J.N. 

of the reproduction concerning gametes and larvae Gardeur, H. Migaud, B. Capdeville, and P. 

viability, and broodstock welfare. Kestemont. 2000. Reproductive cycle and plasma 
Acknowledgements. This work was partly levels st at d : le Eurasj h Per 
supported by the European Commission (FAIR- cvels Steroids in mar urasian perc ered 
CT98-9241, ©! 2321 ACRAPEP) and the ANVAR, a fluviatilis. Aquatic Living Resources 13:99-106. 

French organism supporting the technology transfer. Wang, N., H. Migaud, L. Acerete, J.N. Gardeur, 
References. Abi-Ayad, S.-M. E-A., C. Mélard, and L. Tort, and P. Fontaine. 2003. Mortality of Eurasian 

P. Kestemont. 1997. Effects of n-3 fatty acids in perch, Perca fluviatilis, during the spawning season. 

Eurasian perch d broodstock diet_ on vee fatty acid Do reproduction and environmental conditions have 
tte uate 5] 61-168 stress resistance. Aquaculture a stress-mediated immunosuppressive _ effect? 

Craig, .F., 2000. ‘Percid Fishes - Systematic, Abstract book of the ™ International Symposium on 
Ecology and Exploitation (J.F. Craig, Ed), Blackwell Reproductive Physiology of Fish, Mie, Japan, 18-23 
Science, Oxford, 352 p.. May 2003, p 137. 

Kestemont P., J. Cooremans, S.-M. E-A. Abi- 

Ayad, and C. Mélard. 1999. Cathepsin L in eggs and 

: larvae of Perch Perca fluviatilis: variations with 

developmental stage and spawning period. Fish 

Physiology and Biochemistry 21:59-64. | 

28



SEMI-INTENSIVE LARVAL REARING OF PIKE-PERCH, Stizostedion lucioperca. 

Murielle Gielen, Carole Rougeot, Yvan Neus, Brigitte Bezandry and Charles Mélard. CEFRA, University of 
Liége, 10 Chemin de la Justice, 4500 Tihange, Belgium. M.Gielen@ulg.ac.be 

Introduction. In Europe, most of pike-perch cannibalism: 0.1% of the initial number) (figures 1, 
(Stizostedion lucioperca) production comes from 2 and 3). 
fishing and ponds rearing. Due to good flesh quality 250 
and fast growth rate, pike-perch is one of the few 
candidates for diversification of freshwater fish % 2004 7 IFC i . 
farming in Europe. Among the fish culture, larvae A 3 @ 9 
rearing and weaning are an important and critical z 150 —o— 20°C /L 

| period. Two methods are generally used: | 0 / 
"intensive" rearing in tanks where larvae receive S . 23°C / a 
artificial diets completed with natural food during >, 100 / ¢ + 
the first stage of development (Artemia nauplii) and a / 
"extensive" rearing in ponds where larvae feed on Ss 50 
organisms naturally present in the fertilized ponds. . 
A semi-intensive method of rearing in green water 0 — ———— 
fertilized tanks, combining the advantage of natural 0 5 10 15 20 25 30 35 
food and Artemia nauplii, has been efficiently 
developed with Eurasian perch (Perca fluviatilis) Time (days) 
(Mélard et al, 1996). The aim of this study was to 
apply and eventually adapt to pike-perch larvae this Figure 1. Growth curves (mg) of pike-perch larvae 
semi-intensive rearing method. reared at 17, 20 and 23°C in a semi-intensive 
Methods. The experiments were conducted in system (10m‘ tanks, 6000 fish.m”). 
10m*/6m* outdoor tanks. Oxygen concentration was 
maintained around 8 mg.I’ by an air diffuser. To 25 
stimulate phyto and zooplacton development 2 
naturally present in the water from the river Meuse, = 20 fs 
the tanks were fertilized at 25°C with pelleted ~™ 154 | | oe ae 
chicken manure (1.5 kg) during 7 days before the ¥ i a 
introduction of the larvae. Water temperature was yo OF fo as aL 
maintained by a heat exchanger (supplied with © owe) te | warm water coming from the nuclear power plant ell 
of Tihange) and controlled with an automatic 0 ee ee oe EE 

regulation system. The larvae originated from the 17°C 20°C 23°C 
O.V.B. (Netherlands). Fish were 2 days old ( post- : of al Ls 
hatching) at the beginning of the first experiment Figure é Growth Se SC in en larvae 
and 5 days old (post-hatching) for experiment 2. system (10m? tanks 6000 fish.m’) 
Two days after the beginning of larval rearing, the y ° aa 
tanks were 80% covered by a plastic sheet to 
prevent the growth of filamentous algae. Filament 25 
algae represent a trap for the young fish and they 20 
can also be responsible of oxygen depletion during e of 
the night. Temperature and oxygen concentration — Mh |) Foe were checked three times a day. A water renewal —_—lU 
with ground water was applied when nitrite and E -wa | | 
ammonia concentrations (measured three times a a sii | | ie. week) start to increase. The nitrite and ammonia tl | Pe concentrations were maintained closed to 0.2 mg.!' 0) rap pe 
and 0.5 mg.’ respectively. Larvae first consumed 17°C 20°C 23°C 
plankton during + 2 days. Then Artemia nauplii Figure 3. Survival rate (%) of pike-perch larvae 
were distributed manually five times a day and reared at 17, 20 and 23°C in a semi-intensive 
progressively replaced from day 7 by artificial food system (10m” tanks, 6000 fish.m~). 
which is distributed with an automatic feeder (over 
a 10 hours period) until the end of the experiment. Experiment _2. Two different initial stocking 

| In practice, experiments were stopped when the fish densities (4.000 and 8.000 fish.m™”) were tested in 2 
| were Closed to 200 mg. replicates at 20°C. During the first ten days of 

Results. Experiment__1. Three different rearing, the consumption of larvae was checked by 
temperatures (17, 20 and 23°C) were tested in 2 analysing the stomach content of ten fish removed 
replicates with initial stocking density of 6.000 from each of the batches (figure 4). Larvae ingested 
fish.m™. Best growth was obtained at 23°C plankton but also Artemia nauplii: all fish examined 

. (21.2%.d") but the survival rate was low (4.3%) had eaten nauplii at the first day of feeding (day 0). 
compared to 17°C (19.3%). The number of The weaning seemed to take place easily: artificial 
cannibals was equal at these two temperatures (+ diet was gradually consumed from the first day of 
0.3%). The best compromise in terms of growth, distribution (day 3). 
cannibalism and survival was obtained at 20°C 

, (growth: 17.7 %.d", survival: 16.6 % and 
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Discussion. Semi-intensive system appears suitable 
, for rearing pike-perch larvae and the weaning 

e io fT ———— schedule is appropriate since artificial diet is 
3 ott PH HW UP UD UD HD UE quickly accepted. Perch survival rate was also 
3 7,0 OU OU GUD ED UD negatively correlated to the temperature (Kestemont 
eet UP a a | et al., 1996) and ranged between 18.1 and 38.6% at 
ee 701 OT OE OL OU GT a Ga 20°C depending on the initial stocking density. In 
e OF TH oH LP iP LR Gb Lb gE walleye (Stizostedion vitreum), swim bladder 
2 Soft ToL UW UTD DE inflation happens normally at 21°C between day 5 
SB aait fo U UH WD DUG and 11 after hatching and non inflation is one of the 

5 sod) PT WUD UD major problem in culture of many fish larvae, 
= ood i f LU aan leading to spinal deformities and reduction of 

(nou TRE UP ED aE survival and growth depression (Marty ef al., 1995). 
| 5 lOFiy | 2 0 TRU ADD Eg On another hand, a study on gilthead sea bream 

n Ieee (Sparus aurata) showed that deformed larvae are 
O 12 3 4 5 6 7 8 9 10 present before the period of swim bladder inflation, 

. Time (days) meaning that other causes during embryonic 
development may be implicated like genetic causes 
and that non-inflation of the swim bladder could be 

CJ phytoplankton jj rotifers a consequence instead of a cause of lordosis 
artemia WE artificial diet (Andrades et al., 1996). The poor results obtained 

at the end of the second experiment were probably 
more related to the initial larvae quality than to the 

Figure 4. Stomach contents of pike-perch larvae system and the rearing method themselves, even if, 
(sampling= 10 fish/tank) reared in semi-intensive both years, the larvae didn't seemed to have 

system during the starting of exogen feeding period. deformities at the beginning of the experiments. 
Acknowledgements. This work was supported in 

We noted the early appearance of "twisted" part by Electrabel S.A. and the E.C. (contract n°: 
- fishes (lordosis and/or scoliosis) which represented Q5CR-2001-70594). 
almost 50% of the population one week before the References. 
end of the experiment (fig 5). These malformations Andrades J.A., Becerra J. and Fernandez-Llebrez P. 
were related to swim bladder inflation failure (fig (1996). Skeletal deformities in larval, juvenile and 
5). adult stages of cultured gilthead sea bream (Sparus 

aurata). Aquaculture 141: 1-11. 
; ; . Mélard C., Baras E., Mary L.and Kestemont P. 

[J No swim bladder inflation (%) 1996. Relationship between stocking density, 
° Malformations (%) growth, cannibalism and survival rate in intensively 

cultured larvae and juveniles of perch (Perca 
50 50 fluviatilis). Ann. Zool. Fennici 33: 643-651. 
45 45 Marty G.D., Hinton D.E. and Summerfekt R.C. 
40 40 1995. Histopathology of swimbladder noninflation 

in walleye (Stizostedion vitreum) larvae: role of 
35 35 development and inflammation. Aquaculture 138: 
30 30 35-48. 
25 25 Kestemont P., Mélard C., Fiogbé E. and Masson G. 
20 20 1996. Nutritional and animal husbandry aspects of 
15 : 15 rearing early life stages of Eurasian perch Perca 
10 4 10 fluviatilis. J.Appli. Ichthyol. 12: 157-165. 
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Figure 5. Relationship between no swim bladder 
| inflation (%) and malformations rate (%) in pike- 

perch larvae reared in semi-intensive system. 

The presence of abnormal, weaker and smaller 
fishes that didn't swim normally could have 
enhanced cannibalism. This hypothesis was 
sustained by final body weight: it was higher (mean 
body weigh: 465 mg) than in the first experiment 
(mean body weight: 183 mg). It was also confirmed 
by the very low survival rate (0.5 to 3.1%), the high 
percentage of cannibals (100% of the final 
population in one batch!) and the decrease of the 
percentage of twisted fishes at the end of the | 
experiment. 
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FOOD CHAIN DYNAMICS AND DIETS OF LARVAL AND POST-LARVAL YELLOW PERCH IN 
CULTURE PONDS 

Christopher F. Hartleb, Department of Biology, University of Wisconsin-Stevens Point, 1900 Franklin St., Stevens 
Point, WI 54481, USA, chartleb@uwsp.edu. 

Introduction. Recent declines in the yellow perch to wet weight and length and used as a predictor of 
populations in Lake Michigan have prompted state & growth during the study. 
federal agencies to impose strict harvest limits on Results. Atypical spring weather with a short 
yellow perch taken from the lake. Yellow perch warming period in late April, followed by cooler 
aquaculturists have not been able to supply the temperatures in May, resulted in slow initial growth 
necessary quantities of perch that consumers demand by the larval yellow perch (Figures 1 and 2). When 
as a result of the decline in commercial harvest. water temperature rose above 21°C in early June, 

Larval yellow perch culture is one of the riskiest growth rate increased but variation in growth among 
phases of fish farming, but can also be one of the larval perch also increased. 
most profitable (Ludwig 1999). The successful 
growth and production of larval and post-larval 
yellow perch depends on the quantity and type of 60 
food available to them in the culture pond. Pond y = 5,4097¢0-2124x 
culturing remains the most common culturing method 507 2-996 
in the U.S., but producers have reported early 
survival by perch fry to be as low as 11%. This 40 
bottleneck in production results in greatly reduced E 
quantities of feed-trained fingerlings. = 30 

Bottom-up control in fish culture ponds, through 2 i 
the use of inorganic fertilizer, can influence short- ~ 5 
term seasonal changes in the composition of plankton 
(Morris and Mischke 1999). This can enhance the $ 
food chain & ultimately improve growth and survival ° 
of yellow perch fry. Nutrient enrichment can alter 
the abundance and composition of plankton within "seo spore yaon Bio ae Tse 
ponds and result in cascading trophic interactions 
(Carpenter and Kitchell 1993). | Consequently, Date 
aquaculturists can better manage culture ponds with , 
appropriately scheduled fertilization times and eee b Length oe yellow perch from week 1 (7 
quantities and with better management in initial ys old) to time of harvest. 
stocking density and subsequent grading. 

The purpose of this study was to examine the 
short-term successional changes in phyto- and 30 
zooplankton populations that occurred in yellow . 
perch culture ponds as a result of inorganic 254 y=0.0009e9-7474x 
fertilization. Changes in prey abundance and r4 = 0.97 
composition were compared to yellow perch diets to 2.0 
determine prey selection by larval & post-larval 
yellow perch during the first 10 weeks post-hatch. B15 
Methods. From late April to mid-July 2002, water & 
chemistry parameters, including surface water = 10 
temperature, dissolved oxygen, pH, alkalinity, 
hardness, nitrogen compounds (NH;3-N and NO;-N) os 
and phosphorus (PO,°*), were measured in yellow 
perch culture ponds at Willow Creek Aquaculture, ad 
LLC, Berlin, WI. From late April to mid-June ponds 05 
received weekly treatments of inorganic fertilizer “5/6/02 5/20/02 6/3/02 @/17/02 7/1102 715/02 
(urea and phosphoric acid) based on transparency Date 
(desired secchi depth of 1.5 m). Prolarval yellow Figure 2. Wet weight of yellow perch from week 1 (7 
perch were stocked into culture ponds on May 3 at a days old) to time of harvest. 
density of 850,000 per quarter-acre. Phytoplankton 
samples were collected weekly, identified and ranked Algal diversity remained high in the ponds 
by abundance. Zooplankton (nanno and net) samples during the study, with abundant populations of were collected weekly and analyzed for composition Chlorophyta (green algae) and Ochrophyta (diatoms) 
and abundance, while yellow perch were collected and algal density peaked in mid-June (0.027 mg 
and measured for growth and diet selection. chlorophyll a per a pond water). 
Regression analysis was used to fit the growth curve Successional changes occurred in both 

phyto- and zooplankton communities in the culture 
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ponds. Nanno-plankton succession consisted of Discussion. Results show that growth by larval 
naupli, Keratella and abundant free-floating yellow perch is dependent upon water temperature 

. plankton eggs in May; ostracods, Keratella, and preferred prey availability. Atypical weather in 
Kellicottia and plankton eggs in early June and late spring resulted in slow initial growth, but warmer 
Polyarthra, Kellicottia, Brachionus, Notholca and water temperature in June increased growth. 
Lecane co-dominating the plankton in July. Net Variation in growth among individual yellow perch 
plankton consisted of Brachionus, young ostracods, increased and may be responsible for the increase in 
and plankton eggs in late April. Various copepods cannibalism. The number of yellow perch with 
appeared in early May and were replaced by empty stomachs also increased in mid-June and may 
ostracods, Bosmina, and Keratella throughout May. indicate that suitable prey density was not high 
Asplanchna and Daphnia appeared in low densities in enough to support the density of yellow perch in the 
mid-May. Ostracods, Bosmina and Keratella were pond. 
present in early July, but at low densities. Comparison of plankton composition and density 

Larval yellow perch selected plankton eggs, with yellow perch diet indicated that yellow perch : 
Keratella, Bosmina, nauplii, and young ostracods in actively selected ostracods, plankton eggs, Bosmina, 

| May and continued feeding on similar prey in June and young copepods (nauplii and copepodites) during 
(Table 1). Post-larval yellow perch shifted to the ten-week culture period. These prey were 
ostracods and benthic invertebrate larvae in early actively sought by the yellow perch even when they 
July. Cannibalism appeared in late June and feed were at low densities in the ponds. Therefore, these 
trained yellow perch were observed by early July. prey can be considered favored at certain times 

during the culture period of May to July. 

poate Fish farmers traditionally rely on water 
| Dietitems — {| 5/9 | 5/16 | 5/23 | 5/30 | 6/6 | transparency (secchi disk depth) as an indicator of 

pond fertilization. Results show that transparency 
[#Empty [| 0 /{[ 0 | 3 | 3 | 0 | was not a good indicator of plankton succession and 

trophic cascade. Larval yellow perch fed heavily on 
| Brachionus | 0361 016 |. | 0161. ostracods, Bosmina, & Keratella, with little selection 
Daphnia. (| 0.34 | 0.10 | 014 | 036]. for rotifers (Brachionus & Asplanchna), suggesting 
Keratella.| | 4.00 | 10.88 | 63.06 | 86.90 | that pond management should favor these plankton 

0.20 [70.58 [0.36 _ ‘ypes. Based on the results, larval and _ post-larval 
yellow perch diets relied heavily on ostracods, but 

-Ostracods__| 0.16 {| 4.76 | 21.06 | 3498 | 10.47 | Showed a distinct shift from larval perch bei ; perch being 
|Copepodite | | 0.04 | | lankti planktivorous in late spring & benthivorous by the 
|Miss | Ct 073 post-larval period. 
| Diptera | | CT CT Acknowledgements. This work was supported in 
| Chironomid | | part by the Wisconsin Department of Agriculture, . 
|BenthicInverts | {| | | | | Trade and Consumer Protection, Agricultural 

Development & Diversification (ADD) Grant . 
pO ate Program and the University of Wisconsin-Stevens 
| Dietitems _—_—{ 6/13 | 6/20 | 6/27 | 7/3 | 7/1 | Point Faculty Development Grant Program. Willow 

Creek Aquaculture, LLC generously provided use of 

|#Empty | 5 | 27 | 4 | 17 |S their culture ponds, yellow perch fry and applied the 
|Planktoneges | | =| | CT inorganic fertilizer. 
| Brachionus | | [| | [| References. Carpenter, S.R. and J.F. Kitchell. 1993. 
[Daphnia || |||] _ The Trophic Cascade in Lakes. Cambridge 
[Keratella || || || _ University Press, Cambridge. | 
Kellicotia | | | | 002|. Ludwig, G.M. 1999. Zooplankton succession 
Bosmina {| ‘| 0.04 | 008 | 044 |. and larval fish culture in freshwater ponds. SRAC 

Meee eo CC. Mischke. 1999. Plankton 
—————EE management for fish culture ponds. Technical 
Diptera 11.92 |_| 012 | 00 | Bulletin Series #114. NCRAC Publications Office, 

[Chironomid | 0.10 | 0.03 [0.04 [0.02 [ |W" State University, Ames. 
| BenthicInverts | 0.22 | 0.02 | [0.10 | | 
|Fishparts | | | XG) [| XS) | } 
|Fishfood | | X(1) [| X@) | XG) | X(41) | 

Table 1. Weekly diet selection by yellow perch 
(values = number of organisms per fish; values for 
fish parts & food = number of fish that contained 
each item). 
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PRODUCTION CHARACTERISTICS OF HYBRID WALLEYE (Sander vitreus female x S. canadensis 
male) REARED TO FOOD SIZE IN PONDS 

James A. Held, Jeffrey A. Malison, and Terence P. Barry 
University of Wisconsin Aquaculture Program, Department of Animal Sciences, 1675 Observatory Drive, Madison, 
WI 53706-1284, USA, jaheld@wisc.edu 

Introduction Two ponds each were fed once daily (at sunset) using 
With certain fish species, interspecific either sinking or floating food (Silver Cup, Murray, 

crossbreeding has resulted in hybrids having UT). The study lasted 156 days. 
behavioral and growth characteristics better suited for Results and Discussion 
intensive culture than those of purebred fishes. For The fish showed an active feeding response 
example, muskellunge (Esox masquinongy) x throughout the study, except for a 21-day period 
northern pike (£. lucius), striped bass (Morone during which water temperatures were in excess of 
saxtilis) x white bass (M. chrysops) and plaice 27°C. Normally, pond temperatures ranged from 16- 
(Pleuronectes platessa) x flounder (Platichthys 26°C. After harvest in mid-October, fish were 
flesus) hybrids accept formulated feeds more readily weighed, measured, identified for sex, and processed 
and are more easily habituated to intensive culture as scaled skin-on fillets. No growth differences were 
conditions than their respective parent species. found between fish fed sinking or floating food (0.80 
Muskellunge x northern pike, lake trout (Salvelinus vs 0.78 g/day and 0.62 vs 0.57 mm/day, 
namaycush) x brook trout (S. fontinalis) and striped respectively, Fig. 1). 
bass x white bass hybrids grow faster than either 
parental species, at least during the first few years of 
life. The improved performance resulting from 150 
hybridization is one of the factors responsible for the 
rapid growth of the hybrid striped bass industry over oh 
the past several years. ~ 125 7: 

Natural hybridization between walleye and sauger & pee Boos 
has been documented and both reciprocal hybrids cs 100 i 
have been artificially propagated in the laboratory. In- ~ oe 
tank growout studies conducted by our laboratory 5 45 _ 
comparing purebred walleye with several geographic ‘o 
crosses of walleye-sauger hybrids concluded that = a 8 
hybrids displayed superior growth and survival as 50 Se 
fingerlings, and maintained these desirable Floating’ Sinking 
characteristics through adulthood. Feed Feed 

te growout studies of hybrid walle . , , , . been confined to tank-based culture. The objective of _-Fig-1. Weight gains of hybrid walleye fed floating this study is to document growth rates, gonadal and sinking diets. Data represent the mean + SEM of 

development, and fillet yield of hybrid walleye n=20 individuals per treatment. 

Weennes . reared to food size in ponds in southern No growth or fillet yield differences were noted 
Methods between the sexes (Fig. 2). Fillet yields averaged 

All fish used in this study were the offspring of 46.8%. The lack of size difference between the sexes 

wild walleye captured from Rock Lake (Jefferson can be attributed to harvesting the fish at 150-160g, 
County, Wisconsin) and wild sauger captured from prior to the onset of sex-related dimorphic growth in 
the Mississippi River at Genoa (Wisconsin). This this species. This agrees with our findings on the 
geographic cross was one of the better performing onset of dimorphic growth in walleye (size 
strains examined in previous growout studies. Hybrid differentiation apparent at 2 00-2508) P resented at this 
fry were stocked into production ponds, and Pe of the. The reirtively deh fillet ent “(male _ result of the minimal gonadal development (male then placed int OT supe a Ey ered GSIs < 1.5% female GSIs < 0.5%) exhibited by the 
water, aeration, and internal tank lighting for I+ age fish. Extending the growout into the next 
habituation to formulated feed. Successfully trained season may result in larger fish to market, but may 
walleye fingerlings were reared indoors in tanks for be negatively affected by dimorp hic size variation as 
the remainder of the first season. In spring of the well as gonadal development. Fish averaged 157g at second year, age-1 hybrid fingerlings (20-80g) were the end of the study, and scaled skin-on fillets 

stocked into 4 ponds at a density of 900 fish/ha. 
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Males emales 

Fig. 2. Final weights of male and female hybrid 
walleye fed sinking and floating feed. The data 

represent the mean + SEM of n=20 individuals per 

Sex. 

averaged 73.4¢/fish. Our findings demonstrate the 
feasibility of raising age-1 hybrid walleye fingerlings 
to food size in a single growing season in ponds in 
southern Wisconsin. 
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STOCKING DENSITIES AND CULTURE ENVIRONMENTS TO HABITUATE WALLEYE 

FINGERLINGS TO FORMULATED FEED 

J. Alan Johnson and James B. Rudacille, Rathbun Fish Culture Research Facility, lowa Department of Natural 
Resources, 15053 Hatchery Place, Moravia, IA 52571, USA alan.johnson@dnr:.state.ia.us 

Introduction. The Rathbun Fish Hatchery annually Turbidity was measured twice daily in all tanks for 

produces 150,000 200-mm walleye (Stizostedion the first 14 days of the experiment. 
vitreum) in a tandem pond and raceway culture A production-scale experiment compared 
method. This technique consists of stocking pond- habituation rates in a CSL environment to the 
reared fingerlings into raceways, where habituation to standard overhead light (OL) environment used at 
formulated feed takes place. Production of habituated Rathbun Fish Hatchery. Initial stocking density was 
fingerlings can be a limiting factor in the production 6.5 fish/L. Raceways in the CSL treatment were 

of larger fish because survival during the habituation enclosed with black-plastic sheeting to eliminate all 
period is often low and can be variable. Walleye external light sources. A low-wattage light was 
fingerling habituation may be improved by submerged in the middle of the rearing unit which 
determining the optimal environment and stocking provided 21-25 lux of light at the sidewalls of the 

density to increase production. CSL raceways. Four raceways in the OL treatment 
It has been shown that modifying the culture were not covered and received overhead light from 

environment can improve survival during windows and fluorescent lights (24 h/day). 

habituation. Elevating turbidity levels in culture All experiments utilized similar culture methods. 
water was found to increase survival of walleye fry Pond reared walleye fingerlings (35-40 days old) 

and eliminate wall-clinging behavior (Bristow et al. were confined to the rear two-thirds of the raceway 
1996). In addition, Nagel (1996) described a covered directly under the feeder for the first 14 to 17 days, 
raceway with submerged light (CSL) environment and allowed the full raceway thereafter. Fingerlings 
that resulted in walleye habituation rates as high as were fed a commercial feed (BioKyowa FFK C- 
90%. 1000, BioKyowa, Inc., Chesterfield, MO) at 10% 

The effects of stocking density, turbidity, and body weight/day for the first ten days of habituation. 
CSL on habituation of pond reared walleye The fish were then weaned from BioKyowa to 1.0 

fingerlings were evaluated in three separate studies. mm Walleye Grower 9206 (WG 9206) over a seven- 
The purpose of these studies was to determine the day period, and fed WG 9206 for the remainder of 
optimal stocking density and culture environment for the experiment. Effluent DO, temperature, pH, and 

habituating pond-reared walleye fingerlings at ammonia were monitored during these experiments. 
Rathbun Fish Hatchery. Statistical significance was determined by t-test for 
Methods. The effect of stocking densities of 4.9 and stocking density and CSL evaluations and ANOVA 

: 6.5 fish/L were evaluated in 4,515 L production scale for the turbidity evaluation using a significance level 
raceways. Fingerling walleye (47.9 mm, 0.64 g) were of 0.05. 
stocked in three replicate raceways per treatment. Results. Survival during habituation averaged 57.9% 
Flow rates were initially set at 38 Lpm, and increased in the low density and 58.0% in the high density 

up to 76 Lpm to maintain minimum effluent treatments (Table 1, P=0.987). Cannibalism was 13 
dissolved oxygen (DO) concentration of 5.0 mg/L. and 14% at 4.6 and 6.5 fish/L, respectively 
On day 30, total biomass was determined and (P=0.806). More fish were produced per raceway 
individual lengths and weights were sampled in all with the initial stocking density of 6.5 fish/L (11,606 
raceways. fish) than at the lower density (8,695 fish, P=0.015). 

The effect of elevated turbidity levels on Final lengths and weights were not significantly 
fingerling habituation was evaluated in 1416-L different among treatments (P>0.05). The final 

raceways stocked with 3.55 fish/L. A slurry of density measured on day 30 of the experiment was 
commercial ball clay (Old Mine #4, K-T Clay Co., 1.9 for raceways stocked at the low density to 2.5 
Mayfield, KY) was used to increase turbidity levels fish/L for raceways stocked at the high density 
of the incoming water . Three levels of turbidity were (P=0.015). 
evaluated: low (no added turbidity, 22 nephelometric Survival was significantly lower in the raceways 
turbidity units, NTU), medium (50 NTU), and high receiving low and medium turbidity levels (45% and 
(87 NTU). The slurry was pumped into three 43%, respectively), than in tanks at the high turbidity 
replicate raceways per treatment at ten-minute level (53%, P=0.005). Cannibalism was significantly 
intervals for the first 14 days of the experiment. lower in the high turbidity treatment (17%) than in 

either the low (24%) or medium (25%) turbidity 
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Table 1. Final length, weight and surivival of (14 fish/L, Nagel 1996), but were not evaluated in 
walleye fingerlings at the end of habituation. this study due to water and facility restrictions. 

L(mm) _W(g)__ Survival (%) The findings in the turbidity study indicated an 
increase in habituation survival due to addition of 

pens Mahi) 44 1.75 58 turbidity. This increase in survival was due to a 32% 
6.5 63.0 1.65 58.0 reduction in cannibalism by the addition of 87 NTU 
P-value 0.274 0.251 0.987 of turbidity. The difference in survival between the 

Turbidity level elevated turbidity levels and no added turbidity 

Low 693 87 45.6 treatments may have been more pronounced if the 
Medium 70.2 791 43.2 incoming water supply had substantially lower 
Hich 67.6 765 53] turbidity than 22 NTU. 

g ; Loe 4: , 
P-value 0.375 0.424 0.005 Practical application of turbidity on a production 

Light environment scale is limited because a large amount of clay (2,250 
OL 76.4 3.84 373 kg) would be required. However, these findings may 
CSL 80.1 4.53 60.7 help to explain yearly variation in survival during 

P-value 0.259 0.249 0.002 habituation at Rathbun Fish Hatchery. 
sg The evaluation of covered raceways with a 

submerged light showed a 63% increase in survival 

levels (P=0.026). Mortality was not different among compared to overhead lighting. Daily weight gain 
treatments (P=0.872). Initial lengths and weights of during the study was also 25% higher for fish 

walleye were 44.2 mm and 0.52 g. Final length and habituated in the CSL environment. 
weight were not significantly different (P>0.05). One There was a marked difference in fish behavior 
raceway in the high turbidity treatment was removed between light environments. Fish reared in CSL 
from statistical analysis because a _ feeder raceways swam around the lights continuously, 
malfunctioned repeatedly during the last week of the whereas fish in the OL raceways were randomly 
study, causing the fish to be underfed. The distributed throughout the raceway. The raceway 
underfeeding resulted im a _ disease outbreak covers provided a low light environment and 
(Flexibacter columnaris), and higher mortality in that prevented overhead motions from disturbing fish. 
raceway than any other in that study. Fish in the OL raceways were disturbed by overhead 

Fish habituated in the CSL raceways had higher shadows, which caused the fish to scatter and swim 
survival rates (60.7%) than fish in the OL raceways to the opposite end of the raceway. 

(37.3%, P=0.0022). Cannibalism was low in both The improved survival and growth of pond- 
treatments (3.5%). Peak mortality due to starvation reared walleye fingerlings during habituation in the 
occurred on day 12 in the CSL treatment and day 15 CSL environment may be due to reduced chronic 
for OL. Mortality counts above 1,000 fish/day stress levels and earlier feed consumption. These 
occurred once in the CSL treatment and five times in conclusions are based on behavioral observations and 
the OL treatment. Initial lengths and weights were fish performance during this study. Further research 
not different between treatments (P>0.05) and should be conducted to determine the onset of 
averaged 47.7 mm and 0.80 g. Final length and feeding and stress hormone levels in_ walleye 
weight were not significantly different among habituated in CSL and OL environments. 

treatments (P>0.05). However, growth (g/day) was Acknowledgements. This work was supported by the 

significantly higher in the CSL treatment (0.147 Federal Aid in Sport Fish Restoration Program, 
g/day) than in the OL treatment (0.117 g/day, project number F-106-R. 

P=0.0385). This experiment was terminated on day References. Bristow, B.T., R.C. Summerfelt, and 
26 because flow rates were at a maximum (150 Lpm) R.D. Clayton. 1996. Comparative performance of 
and effluent DO was approaching 5.0 mg/L in the intensively cultured larval walleye in clear, turbid 
CSL raceways. Final density was 11.99 g/L for the and colored water. The Progressive Fish-Culturist 
CSL raceways and 6.17 for the OL. 581-10. 

Discussion. The density study demonstrates that Nagel, T. 1996. Intensive culture of fingerling 
walleye can be habituated to formulated feed with walleye on formulated feeds. Pages 205-207 in R.C. 
survival rates of 58% without compromising weight Summerfelt, editor. Walleye culture manual. NCRAC 
gain, at stocking rates of 6.5 fish/L and flow rates of Culture Series 101. North Central Regional 

38-76 Lpm. At this density, raceways and labor are Aquaculture Center Publications Office, Iowa State 
used efficiently to produce 2.5 habituated fish/L of University, Ames. 
rearing space at Rathbun Fish Hatchery. Higher 

stocking densities may be possible in other systems 
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EXPERIMENTAL DIET FORMULATIONS FOR INTENSIVE CULTURE OF WALLEYE FRY 

J. Alan Johnson and Alan Moore, Rathbun Fish Culture Research Facility, lowa Department of Natural Resources, 

15053 Hatchery Place, Moravia, [A 52571, USA alan.johnson@dnr.state.ia.us, and Rick Barrows, Bozeman Fish 

Technology Center, U. S. Fish and Wildlife Service, 4050 Bridger Canyon, Bozeman, MT, 59715, USA. 

Introduction. Significant advancements in_ fry and sifted to appropriate sizes. 
culture techniques have allowed intensive culture of Fry for this study were obtained from adult 
walleye fry on formulated feeds. In the past, walleye from Rathbun Lake. Eggs were incubated at 

BioKyowa FFK. B-series diets (BioKyowa, Inc., 12.2 to 13.9°C and only fry hatched in a 24 h period 
Chesterfield, MO) were fed to first feeding walleye were used in the diet trial. Fry were enumerated using 
fry with success. However, BioKyowa was an a fry counter (Model FC2, Jensorter Inc., Bend, OR), 

expensive diet ($85/kg) and is no longer available in © and stocked into six 277-L tanks at a rate of 40 fry/L 
the United States due to importation restrictions. For on day 2 posthatch. Each diet was randomly assigned 
fry culture to continue using formulated feeds, an to three tanks of fry. 
alternative must be found. Water from Rathbun Lake was heated and 

In 1997, Rathbun Fish Culture Research Facility degassed before pumping to the culture tanks. Water 

began pilot-production scale evaluations of Walleye temperature was gradually increased from 13.9°C on 
Starter (WS) diets formulated as alternatives to the day 2 posthatch to 18.4°C on day 4. Water 
BioKyowa FFK B-series diets. Eight feeding trials temperature was maintained at 18.4°C for the 

were conducted evaluating comparative performance remainder of the evaluation. Flow rates were 2.0 Lpm 
of walleye fry fed BioKyowa or one of ten WS diets. from 2-5 days posthatch and increased to 4.0 Lpm on 
One diet, WS 9801, had significantly higher fry day 8, and 5.0 Lpm on day 19 posthatch. 
survival than BioKyowa. The purpose of this study Tank design was the same as that used by Moore 
was to compare the WS 9801 with slight et al. (1994). Surface spray was utilized to reduce oil 

_ modifications to BioKyowa FFK B series. film build up on the water surface. Clay slurry (Old 
Methods. The formula for the WS 0201 feed (Table Mine #4, K-T Clay Co., Mayfield, KY) was added to 

1) was based on the WS 9801 formulation. The the culture water before pumping to the tanks. 
original formulation had to be modified due to Turbidity in the fry culture tanks ranged from 21 to 
unavailability of some of the original ingredients. An 31 nephelometric turbidity units (NTU) with a mean 
enzymatic fishmeal hydrosylate (Neo-pro) and of 26.4 NTU. All tanks were curtained with black 
artemia fines were replaced on an isonitrogenous and plastic and illumination was set at a mean of 93 lux. 
isocaloric basis with a fish hydrosylate (Sopre- Tank cleaning was performed on a daily basis. 

Pesche, France). All other vitamin and mineral Fry tanks were fed BioKyowa B-400 at 10- 
additions were kept constant. The WS 0201 diet was minute intervals beginning on day 3 posthatch when 
processed using the PARA method for the 250 to 400 mouthparts were becoming fully developed. 
uum size feeds and both the PARA and MES (Micro- Beginning on day 4, the daily ration was dispensed 
Extrusion Spheronization) methods for the 400-700 from an auger feeder at five-minute intervals for the 
size. All feeds were dried at ambient temperatures remainder of the trial. The WS 0201 diet was fed to 

three tanks beginning on day 5 posthatch. The 

Table 1. Ingredient composition (g/100g) of amount of feed fed was based on grams of feed per 
Walleye Starter 0201 as fed to walleye fry. 1,000 fry. 
Ingredient 2/100g Twenty-six fry from each tank were sampled for 
Herring 74.3 total length on day 2, 7, 12, 16, 21 posthatch. 

Egg Solid 20.0 Samples for final length on day 26 consisted of 52 
Krill meal 15.0 fry. Total length, presence of feed in the gut (FIG), 
Cyclopeeze meal 10.0 and gas bladder inflation (GBI) were determined 

Liver Meal 10.0 using a dissecting microscope. All fry were hand 
Fish Oil 6.0 counted on day 26 posthatch to determine survival. 
Sopre-Pesche 50 Growth and survival rates were compared with an 

Wheat Gluten 50 unpaired f-test using a significance level of 0.05. 

Vitamin Premix 30 3.0 | Results. Walleye survival was significantly higher in 

Ascorbic Acid 1.0 tanks fed BioKyowa (50.8%) compared to WS 0201 

Pigment 0.5 | (39.6%) during the 24-day experiment (P=0.0261). 

Trace Mineral Premix 0.1 However, mortality was not different between fry fed 

Inositol 0.1 the BioKyowa series (38.9%) and WS 0201 (38%, 
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900 WS 0201 — BioKyowa A deformity became apparent in fry fed WS 
BO 0201 near the end of the study. About 2% of the fish 
FO ee had an arched back posterior to the head, which 

| = 6oe HK rs - caused deformed fish to swim on their side. 
E 300 sn nn Discussion. These findings show that walleye fry fed 
on i/ ~ To WS 0201 did not perform as well as fry fed 

< 300 | — YT | BioKyowa B-series diet. Fry fed BioKyowa had 
200 OTN better survival and growth compared with WS 0201. 
100 - . Sore Cannibalism was nearly double in the WS fed fry 

0: — ) 3 compared to that of BioKyowa fed fry. The effect of 

ser 8 ‘Days posthatch ingredients substitutions in the WS diets could not be 

determined through a direct comparison because of 
Figure 1. Average daily mortality of walleye fry unavailability of some ingredients. 

fed two diets. The percentage of fish fed WS 0201 with FIG on 

P=0.83). Cannibalism, or unaccounted mortality, was day 7 posthatch was 62% lower than the rate of FIG 
higher in tanks fed WS 0201 (21%) compared to for fish fed BioKyowa. The reduced feed intake may 
those fed BioKyowa (11%, P=0.045). be due to poor palatability of WS 0201 which may 

Daily mortality in BioKyowa and WS tanks have resulted in the higher cannibalism rates 

began to increase on day 7 posthatch and by day 10 observed in tanks fed WS 0201. 
both treatments had declined (Figure 1). However, Experimental walleye starter diet formulations 

one tank fed the WS 0201 diet had unusually high continue to produce growth problems for larval 
mortality for three days starting on day 13, but the walleye. Intensive walleye fry culture on formulated 
cause could not be determined. diets may be _ limited without BioKyowa. 

Initial length of fry in this study was 8.3 mm. Fry Unfortunately, this research has not yielded a diet 

length began to differentiate at day 12 posthatch, with which performed as well as BiokKyowa FFK B-series. 
length of fry fed BioKkyowa (14.4 mm) exceeding Acknowledgements. This work was supported by the 
that of WS 0201 (12.8 mm, P<0.0001, Table 2). The Federal Aid in Sport Fish Restoration Program, 

percentage of fry with FIG was significantly lower in project number F-106-R. 
tanks fed WS 0201 (29.3%) compared to tanks fed References. Moore, A.A., M.A. Prange, B.T. 
BioKyowa (78%, P=0.0017). At the end of the study, Bristow, and R.C. Summerfelt. 1994. Influence of 
fry fed the BioKyowa were, on average, 3.8 mm stocking densities on walleye fry viability in 
longer than fry fed WS 0201 diet. experimental and production tanks. Progressive Fish 

Culturist. 56:194-201. 

Table 2. Mean length, gas bladder inflation (GBI), and feed acceptance (feed in gut, FIG) of larval walleye fed two 
diets. 

Diet 
Performance 

variable DPH BioKkyowa WS 0201 P-value 
Length (mm) 7 10.4 10.3 0.5582 

12 14.4 12.8 <0.0001 

16 16.6 14.8 0.0003 
21 21.9. 18.8 0.0003 

26 27.2 23.4 0.0011 

GBI (%) 7 79.3 88.3 0.2023 

12 100 98.6 0.3739 
16 100 100 

2] 100 100 
26 100 100 

FIG (%) 7 78.3 29.3 0.0017 
12 97.3 75.7 0.4261 
16 100 100 

21 93.5 97.4 0.2427 
26 100 100 
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FEEDING AND NUTRITION IN EUROPEAN PERCID FISHES — A REVIEW 

Patrick Kestemont', Xueliang Xu!, Gersande Blanchard!, Charles Mélard’, Murielle Gielen’, Jean Brun-Bellut’? and 

Pascal Fontaine’. 1. The University of Namur, Belgium. 2. University of Liége, Belgium. 3. Université H. Poincaré, 
Nancy, France, patrick.kestemont@fundp.ac.be. 

Introduction. In Europe, two species belonging to and larvae. To our knowledge, there is no data 

the Percidae family are currently under investigation available regarding the influence of dietary treatment 

in aquaculture : the Eurasian perch Perca fluviatilis on reproductive performances and the nutritional 

and the pikeperch Stizostedion (or Sander) requirements of pikeperch breeders. 

lucioperca. Despite the fact that both species are Larval nutrition. No specific larval nutrition 

highly prized food fish, feeding and nutrition of investigations have been performed recently in 

Eurasian perch and pikeperch are still in their Eurasian perch and most research efforts have been 
infancy. Indeed, few publications deal with the paid to improve survival and growth rates, and 

nutritional requirements of European percid fishes, minimise cannibalism (Fiogbé and Kestemont, 2003, 
and most of them focus on Eurasian perch. Short Kestemont et al., 2003). Up to date, Eurasian perch 

reviews of percid feeding and nutrition have been larvae are still fed Artemia nauplii until they reach 50 
published by Barrows and Lellis (1996), Brown et al. mg b.w., and then can be trained to dry feed usually 

(1996), Kestemont et al. (1996), Kestemont and formulated for marine fish larvae. However, the main 

Melard (2000) and Brown and Barrows (2002). The pancreatic and intestinal enzymes are efficient from 

present paper summarises the main nutrition issues early developmental stages, suggesting that a 

related to broodstock management, larval rearing and compound diet could be provided very early to perch 
juvenile ongrowing in European percid fishes since larvae (Cuvier-Pérés and Kestemont, 2002). 

the PERCIS II conference held in Vaasa in 1995. Dynamics of total lipids and fatty acids during 
Broodstock nutrition. Reproductive performances embryogenesis and early larval development suggest 

of Eurasian perch are largely affected by the origin of that docosahexaenoic acid (DHA), and to a lesser 

breeders, wild or captive. Survival of captive females extend, eicosapentaenoic acid (EPA), play a major 

prior to ovulation or after spawning are low, and egg role during early life stages of Eurasian perch and 

and larval quality are poor, often ranging between 0 must be present at a sufficient level in larval diets to 

and 5%, regardless of spawning period (normal or support growth performances (Abi-Ayad et al., 

out-of-season) (Migaud et al., 2003). It has been 2003). In pikeperch, recent investigations have 

suggested that gamete quality of Eurasian perch compared different diets as initial food and 

could be improved by improving broodstock determined the optimal weaning time to dry diet. 
nutrition. Performances of breeders held during their Enrichment of Arfemia nauplii with vitamin C and 

entire vitellogenesis period in_ recirculating HUFA is recommended since it reduces significantly 

aquaculture system under natural profiles of day morphological deformities (compared to standard 

length and temperature, and fed different formulated Artemia or dry feed) and support high growth rate 

diets enriched with vitamin E, vitamin C or HUFA (Xu et al., this book). It has been also suggested that 

were compared to performances of breeders fed a formulated feed should be introduced at the day 19 

natural food (NF, chironomid larvae and prey fish) or post-hatch in order to avoid some essential nutrients 
reared in ponds (C). Survival rate of breeders fed NF deficiency leading to morphological deformity 

was significantly higher than in the other groups. (Kestemont et al., 2002). 
Both diet and culture conditions significantly affected Nutrition of juveniles and adults. While 
performances of Eurasian perch breeders, since requirements of some indispensable amino acids have 

| fertilisation and hatching rates were maximal in fish been determined recently for yellow perch (for 

reared in ponds, but differences between NF and review, Brown and Barrows, 2002), there are few 

formulated diets were also significant. The better egg published nutritional requirements for European 

quality of fish fed NF can be related to an percids. Fiogbé et al. (1996) estimated the protein 

improvement in their biochemical composition, requirements of Eurasian perch as 36-56 % of the 

namely the level of thyroid hormone (T3) as well as diet, depending on mathematical model chosen , and 
| the K"/Mg” and K"/Na’ ratios. Total lipid content and recommended 40-49% in practical diets. Lipid 

fatty acid composition of eggs were, however, not nutrition is another major concern in Eurasian perch, 
significantly different between treatments. since high lipid diets usually formulated for 

More research is still needed in order to improve salmonids can support rapid growth but are : 

broodstock nutrition and management in captive susceptible to impair liver function by excess storage 
Eurasian perch breeders to secure high quality eggs of fat into the hepatocytes. Kestemont et al. (2001) 
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compared semi-purified diets containing different Manual. NCRAC Culture Series 101. Iowa State 
levels of lipids (6, 12, 18%), with or without added University, Ames, Iowa, 315-321. 
ethoxyquin as antioxydant, and concluded that Cuvier-Pérés A. and Kestemont P. 2002. 
Eurasian perch juveniles are highly sensitive to Development of some digestive enzymes in Eurasian 

oxidised lipid. No significant differences in feed perch larvae Perca fluviatilis. Fish Physiol. Biochem. 

intake and growth were observed between fish fed 12 24, 279-285. | 
and 18% dietary lipid, but storage of large lipid Fiogbé E.D. and Kestemont P. 2003. Optimum 

droplets, and associated signs of impaired liver daily ration for Eurasian perch Perca fluviatilis L. 
function (significant reduction of rough endoplasmic reared at its optimum growing temperature. 

reticulum and mitochondria), was much more severe Aquaculture, 216, 243-252. 

in fish fed 18% lipid. However, using practical diets Fiogbé E.D., Kestemont P., Mélard C. and Micha 

containing from 11.7 to 19.3 % lipid, Xu et al. (2001) J.C., 1996. The effects of dietary crude protein on 

indicated that 19.3% of dietary fat supported the growth of the Eurasian perch Perca fluviatilis. 

highest growth, feed efficiency and protein efficiency Aquaculture 144, 239-249. | 
ratio. These authors also suggested that Eurasian Kestemont P. and Mélard C. 2000. Chapter 11 — 

perch possess a high capability to elongate and Aquaculture. In J.F. Craig, Ed. Percid Fishes — 

desaturate DHA from their dietary precursors. The Systematics, Ecology and Exploitation. Blacwell 

effects of different lipid sources on lipid metabolism Scientific Publisher, London, England, 191-224. 

and fatty acid composition of Eurasian perch were Kestemont P., Mélard C., Fiogbé E., Viavonou R. 
investigated recently. The results showed that A6 and and Masson G. 1996. Nutritional and animal 

A5 desaturases are highly active in this species. husbandry aspects of rearing early life stages of 

Desaturation enzymes are not specifically favouring Eurasian perch Perca fluviatilis. J. Appl. Ichthyol. 

n-3 over n-6 acids in perch lipid metabolism, and 12, 157-166. 

they are greatly influenced by n-3 and n-6 fatty acid Kestemont P., Vandeloise E., Mélard C., Fontaine 

content in the diet (Xu and Kestemont, 2002). There P. and Brown P.B. 2001. Growth and nutritional 

are few results related the influence of feeding and status of Eurasian perch Perca fluviatilis fed graded 
nutrition on quality of perch flesh. Mathis et al. levels of dietary lipids with or without added 

(2003) reported that filleting rate can vary with ethoxyquin. Aquaculture, 203, 85-99. 

dietary protein/energy ratio, high energy feed Kestemont P., Xu X., Mamoudou J. and Melard 

decreasing filleting rate, while sensorial analysis did C. 2002. Effect of weaning age on_ survival, 

not reveal any difference between dietary treatments. cannibalism, deformity and growth of pikeperch 

Feeding and nutrition of pikeperch are poorly Stizostedion lucioperca. World Aquaculture 2002, 

documented, but recent studies have investigated the Book of Abstracts, 344. 

effects of protein, fat and carbohydrate ratio on Kestemont P., Jourdan S., Houbart M., Mélard C., 

growth, feed efficiency and nutrient retention in Paspatis M., Fontaine P., Cuvier-Pérés A., Kentouri 

pikeperch fingerlings. Results suggested that the cost- M. and Baras E., 2003. Size heterogeneity, 
effective P/F/C ratio is 43/10/15. It has been also cannibalism and competition in cultured predatory 

demonstrated that optimal rearing temperature and fish larvae: biotic and abiotic influences. Aquaculture 

feeding frequency for pikeperch fingerling are 28°C (in press). 

with feeding 3 times a day. Mathis N., Feidt C. and Brun Bellut J. 2003. 

Influence of protein/energy ratio on carcass quality 
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ONSET OF SEX-RELATED DIMORPHIC GROWTH IN JUVENILE HYBRID WALLEYE (Sander vitreus 
FEMALE x S. canadensis MALE) 

Jeffrey A. Malison, Alexander B. Head, James A. Held, and Terence P. Barry, Department of Animal Sciences, 
University of Wisconsin-Madison, 1675 Observatory Dr., Madison, WI 53706, USA, jmalison @wisc.edu. 

Introduction. Many fish including percid species weight gain or length gain until day 477 (Figures such as walleye, sauger (Sander canadensis), and l and 2). On day 477, females were heavier and yellow perch (Perca flavescens), exhibit sexually- longer than males (231 g and 304 mm and vs. 222 g 
related dimorphic growth in which females grow and 295 mm respectively, Figures 1 and 2). These faster than males. Depending on the fish size at differences in size became greater by day 610. 
which such a growth pattern first becomes apparent, 
fish culturists stand to gain significantly by using 
monosex female populations of fish if they are 400 
available. 

Generally, the onset of sexually-related 5 
dimorphic growth in fish does not occur at hatch, but re rather in sub-adult fish coincident with key 300 _ Female 
reproductive developmental events, such as the onset “ 
of steroidogenesis, oogenesis, or spermatogenesis. In ete 
yellow perch, for example, Schott et al. (1978) S te Mal 
Showed that females began to outgrow males when > 200 2 ar 
they reached a total length of about 80-100 mm, the "Sa 
same size at which spermatogenesis and = 
Vitellogenesis first begin (Malison et al. 1985). RU 

Several studies to date have shown that hybrid 100 
walleye (walleye female x sauger male) have 
Significant potential for commercial aquaculture, 
because the hybrids grow faster and are more docile 
than purebreds when reared under intensive culture 
conditions. The purpose of this study was to 0 
document whether sexually-related dimorphic growth 300 400 500 600 700 occurs in hybrid walleye, and the size at which it first Day 
begins. , ; Figure 1. Weight of male and female hybrid walleye 

female walleve fee ee ere Produced by Co. Wr reared under intensive culture conditions. Females 
Spirit Lake IA, and the Mississippi River (WI) with were heavier than males on days 477 and 610. 
male sauger from the Mississippi River. Throughout 
the study the fish were raised in indoor, flow-through 350 
tanks at 21°C and 16L:8D photoperiod, and were fed O formulated food. From hatch (April 15) until the fish on reached a mean total length of 75 mm (day 110), the | Female —- 
fish were raised in four 110-L tanks. At this time, on 
125 fish were individually PIT-tagged and raised in 7” 
three 220-L tanks until day 310. Then the fish were = 300 o, Male transferred into one 750-L tank and one 7,500-L tank ¢ 7 
at similar densities, where they were raised until day = 
610. During this time the fish were individually Bo 
weighed and measured on days 310, 342, 365, 477, 5 ad 
and 610. The fish were then necropsied, and sex = 250 (Pd 
determinations were made using visual gonadal s 
morphology. aa Me 

On days 310, 342, 365, 477, and 610, the effects 
of sex and tank on fish weight and length were 
analyzed by ANOVA. We used t-tests to compare 
the sexes for differences in mean weight and length 200 
gain during the following periods: day 310-342, day 300 400 500 600 700 310-365, day 310-477, and day 310-610. All data Day 
were analyzed using P < 0.05. 
Results. There were 54 females and 35 males that , . survived until the end of the study. At no time during Figure 2. Length of male and female hybrid walleye the study were there any significant differences reared under intensive culture conditions. Females 
between tanks in mean weight or length of the fish. wer enles and males did oct differ sesnificantl n 
Males and females did not differ in weight, length, weight or length gain between days 310 to 342 or 310 
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to 365. Between days 310 to 477, however, females Our studies were conducted with fish raised 
gained significantly more weight and length than under constant, near-optimal environmental 
males (0.79 g/day and 0.41 mm/day versus 0.66 conditions (21°C and 16L:8D photoperiod). The fish 
g/day and 0.32 mm/day, respectively, Figures 3 and were more than one year old at the time that we were 
4). These differences in growth became greater first able to detect sexually-related dimorphic growth. 
during days 310 to 610. In fish exposed to ambient photothermal conditions 

(such as fish raised in ponds), some aspects of 
reproductive development may be stimulated, and 

300 sexually-related dimorphic growth may begin in 
smaller, younger fish. 

Based on our results, the use of monosex female 
TT populations of hybrid walleye holds a significant 

Hi Male oe potential advantage compared to mixed sex 
200 Female populations for fish culturists raising hybrid walleye 

a to a size greater than approximately 200-250 g and 
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Figure 4. Length gain of male and female hybrid : 
walleye reared under intensive culture conditions. * 
indicates the intervals during which females gained 
more length than males. 

Discussion. Our findings clearly demonstrate that 
female hybrid walleyes outgrow males, just as is the 
case for both parental purebred stocks. Our studies 
also show that the growth and size differences 
between females and males become apparent by the 
time fish reach approximately 200-250 g and 300 : 
mm. 
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GROWTH AND REPRODUCTIVE DEVELOPMENT OF TRIPLOID AND SHOCKED AND 
UNSHOCKED DIPLOID PERCH (Perca flavescens) REARED TO ADULT SIZE UNDER SELECTED 
ENVIRONMENTAL CONDITIONS | 

Jeffrey A. Malison, James A. Held, and Terence P. Barry, University of Wisconsin Aquaculture Program, 
Department of Animal Sciences, 1675 Observatory Drive, Madison, WI 53706-1284, USA, jmalison@wisc.edu 

Introduction. Expansion of the yellow perch excess (2-5% body weight/day depending on water 
) aquaculture industry has been constrained by several temperature). 

growth and maturational characteristics of this fish. The experiment was terminated in late winter 
First, the overall growth potential of perch is limited (day 388), at which time the gonads of adult perch 

: by its inherent small size and slow growth rate. are quite developed. At the end of the experiment, 
Second, a considerable reduction in growth rate occurs blood samples were collected from five randomly 
well before perch attain a market size of 140-160 g. selected fish from each treatment group for analyses 
Third, gonadal development can markedly decrease of serum estradiol-17B (E2) and testosterone (T) 
fillet yields (i.e., the percentage of edible flesh) in levels. Hormones were measured using commercially 
perch by up to 35%. available radioimmunoassay kits validated for use in 

These three problems may all be associated with perch. The fish were filleted and fillet yields were 
sexual maturation and gonadal development, which expressed as percentage of body weight. Similarly, 
begin in perch during the first year of life. The the gonads were weighed and gonadosomatic indices 
development of methods to sterilize perch by (GSIs) were expressed as percentage of body weight. 
triploidy induction may enhance growth and increase There were no differences in any measured 
the percentage of edible flesh. This study investigated parameter between heat- and __pressure-shocked 
effects of triploidy induction by heat and hydrostatic triploids, or heat and pressure-shocked diploids. 
pressure shocks on perch reared to adulthood under Accordingly, these groups were pooled for statistical 
ambient environmental conditions that simulate pond purposes, the data were analyzed with a 2 x 3 
aquaculture. analysis of variance (ANOVA), with the main effects 
Materials and Methods. All fish used were the being sex and ploidy (unshocked diploid, shocked 

| offspring of wild brood fish collected from Lakes triploid, and shocked diploid), followed by pre- 
Mendota and Cherokee, Dane County, WI. Triploidy planned orthogonal contrasts. Percentage data were 
was induced by exposing eggs to heat shocks of 28- arcsine transformed prior to analysis. All results are 
30°C for a duration of 10-25 min, beginning at 2-5 expressed as mean + standard error of the mean 
min post-fertilization, or hydrostatic pressure shocks (SEM). 
of 9000 or 11000 psi for a duration of 8 or 12 min, Results and Discussion. In general, females grew 
beginning at 5 min post-fertilization. These specific faster than males regardless of ploidy status (Figure 
treatments were chosen not to produce the highest 1). Also, triploids grew faster than shocked diploids, 
possible percentage of triploids, but rather a mixture but shocked fish, as a group, grew slower than 
of triploids and shocked diploids, because both of unshocked diploids. Males had higher fillet yields 
these groups were needed for these studies. than females, and triploids had higher fillet yields 

Batches of heat or pressure shocked embryos than diploids. Fillet yields were inversely 
containing 30-70% triploids, and unshocked controls, proportional to GSIs, and reproductive development 
were incubated until hatch and stocked into three and function of triploids was reduced compared to 
separate production ponds and reared for diploids (Figure 2). 
approximately 40 days. The 25-40 mm total length Our findings show that heat and hydrostatic 
(TL) fingerlings were then harvested and transferred pressure shocks applied to newly fertilized eggs exert 
into the laboratory, stocked into separate 750-1 flow- a negative effect on the growth of perch that is 
through fiberglass tanks, and habituated to intensive independent of ploidy status. Additionally, triploidy 
culture conditions and formulated feed. will only offer practical improvements to perch 

Prior to the initiation of the growth trials, a PIT aquaculture if the negative effects of shocks can be 
(Passive Integrated Transponder) tag was implanted avoided. Because of the markedly faster growth of 
into the body cavity of each fish, and the ploidy of females versus males, the use of all-female stocks is a 
individuals was determined by flow cytometry. Each significant advantage for perch culture. Females 
of the five groups of fish were stocked separately into however, exhibit a significant decline in fillet yield 
a five 220-1 flow through tank under conditions that in conjunction with gonadal development. Our 
simulated ambient conditions in ponds and lakes in findings clearly show that triploid perch of both 
southern Wisconsin (temperatures varying from 4- sexes had approximately 10-20% higher fillet yields 
21°C on a seasonal basis and tank lighting that compared to diploids. 
mimicked natural day lengths). Fish were hand-fed to 
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EFFECTS OF EXOGENOUS SEX STEROIDS AND THEIR INHIBITORS ON GROWTH, FOOD INTAKE 
AND ENDOCRINE PARAMETERS IN JUVENILE EURASIAN PERCH 

S.N.M. Mandiki, Igor Babiak, Johny M. Bopopi, and Patrick Kestemont. 
University of Namur, URBO, 61 Rue de Bruxelles, B-5000 Namur, Belgium, Robert.Mandiki@fundp.ac.be 

Introduction. In Eurasian perch (Perca fluviatilis), Each inhibitor suppressed significantly its target 
sex-related growth differences increase at the time hormonal secretion, as expected. In addition, Fa 
close to gonadal maturity in relation to an increase in treatment induced an increase in plasma T levels. 
food intake and high levels of sex steroid secretion This effect decreased with the time. Endogenous 
(Migaud et al., 2003). Due to a such endocrine secretion of 11KT was not affected by any treatment. 
increase, it has been hypothesised that sex steroids E2-treatment reduced GSI in both females and 
are involved in the sexual growth dimorphism in fish. males, and Fa increased HSI in both sexes. Other 
Malison et al. (1987) demonstrated that yellow perch treatments had no significant effects on GSI and HSI 
growth is stimulated by estrogens and impaired by (Table 2). T, IT and IE treatments did not 
androgens, but it was also shown that response to significantly affect growth and food intake (Figures 
sex-steroid hormones is species-related (Donaldson 1-3). Growth rate was comparable between Fa and 
1987). control groups during the first two months of the 

In order to characterize the implication of sex experiment but an increase was observed in Fa group 
steroids in the sexually-related dimorphic growth of from day 61 to 90 (Figure 1). Higher growth response 
Eurasian perch juveniles, we investigated the actions was observed only in E2-treated females in relation to 
of estradiol-17B (E2) and testosterone (T) on growth higher FI (Figures 2-3). There was a positive 
and feeding parameters by impairing their effects significant (P<0.05) correlation (r = 0.40) between 
with selected inhibitors. growth rate and plasma E2 concentration, while no 
Methods. Fish were individually tagged (PIT) and relation was established with plasma T levels. Feed 
the experiment was conducted in a recirculating efficiency was not affected by treatment or sex, 
system (22-23°C) in triplicate tanks of 20 fish (initial values varied between 0.87 and 1.01. 
body weight, IBW = 32 + 3 g) each during 90 days. A 
control (C) feed (TROUVIT T3 — Folia 22) was Table 1: Plasma levels of E2, T, T3, and 1IKT 
compared to 5 different diets containing (50 mg/kg (ng/ml) at the end of experiment 
diet): tamoxifen, an inhibitor of E2 receptors (IE); | E22 oT TO 3 okt 
flutamide, an inhibitor of androgen receptors (IT); Cc 1.2° 2.2° 8.2” 1.1° 
fadrozole, an inhibitor of aromatase enzyme activity IE 0.2° 2.9° 8.3° 1.2° 
(Fa); E2; and T. For each treatment, five fish from an IT 1.3° 0.9° 8.1° 1.3° 
additional tank were sampled on days 4, 15, 29, 64, Fa 0.2° 5.8° 8.7° 1.1° 
and 90 for the efficiency of hormone supplementation E2 6.5° 1.8° 7.0° 1.2? 
or inhibition. Each fish was individually weighed on T 1.3° 25.1° 8.1° 1.2° 
Day 0 (day of hormone treatment), and every 2 Different letters in column = P < 0.05. 
weeks. At the end of experiment, blood samples were Table 2: GSI, HSI, plasma Ca™ and ALP at the end 
taken from all fish for hormone and vitellogenin of experiment 
assays. Fish were then sacrificed and sexed. Liver Cat ALP GSI HSI 
and gonads were removed and weighed to calculate | atm [oar | Oa | BSE 
hepatosomatic (HSI) and gonadosomatic (GSI) C 127° gx 1.923 1.30° 
indices. Individual food intake was calculated by a IE 115° 96> 1.27? 1.43> 
radiographic method, plasma hormone concentrations IT 153° 96° 1.422 1.42° 
were determined by radioimmunoassay, and Fa 152° 104° 1.452 1.64? 
vitellogenin was measured by indirect endpoints E2 335° 256° 0.43° 1.28° 
(Ca and alkali-labile-phosphorous = ALP, T 160° gg? 1.24° 1.32° 
Verslycke et al., 2002). Different letters in column = P < 0.05. 
Results. E2 treatment resulted in significant increase 

in plasma E2 levels from day 4 to the end of Discussion. Doses used in the present study were 
experiment. This treatment decreased plasma T3 efficient in sustaining significant increase or decrease 
levels (Table 1), but increased vitellogenin synthesis, in circulating T and E2 levels. Only E2 
as evidenced by Ca™ and plasma ALP concentrations supplementation and Fa treatment affected morpho- 
(Table 2). T treatment induced significant increase in anatomical indices. The increase in endogenous 
plasma T levels from day 4 to the end of experiment. testosterone by Fa has been reported in coho salmon 
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Oncorhynchus kisutch (Afonso et al., 1999), and may females but passive in males. The way by which 

be related to transient change in the feedback of estradiol acts on the growth process is still unclear. 
estrogens on the hypothalamo-pituitary level. E2 may act directly by stimulating anabolic 

70 processes, such as protein synthesis as evidenced for 
= | EZ Cc | vitellogenin in the present study. High levels of E2 
= — Zs er ~2~ IE may also induce changes in other anabolic hormones, 

5 50 aw, ~~ such as thyroid hormones. 
? 40 | ga —x—-E 
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Figure 1: Changes in body weight (g) with time. References. Afonso L.O., Iwama G.K., Smith J., and 
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Figure 2: Specific growth rate (SGR %d") according eds. Fish physiology. New York, London : Academic 
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a a ne Malison, J.A.; Best, C.D.; Kayes, T. B.; 

aM oF Amundson, C. H.; Wenworth, B. C., 1985. Hormonal 
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Figure 3: Food intake according to treatment and International Sympostum on _ Reproductive 
sex. **: P < 0.05 Physiology of Fish. D.L. Idler, L.W. Crim and J.M. 

Testosterone supplementation did not affect growth Walsh (Eds). Memorial University of Newfoundland, 
and feeding parameters in any way as previously St. Johns, p206. 
reported for methyltestosterone in yellow perch Malison, J. A.; Kayes, T. B.; Wenworth, B. C.; 
juveniles (Malison et al., 1985). This result, and the Amundson, C. H. Growth and feeding responses of 
fact that the reduction in testosterone production by male versus female yellow perch (Perca flavescens) 
flutamide had no significant effects may indicate that treated with estradiol-17B. Can. J. Fish. Aquat. Sci. 
this hormone has no effective anabolic action in 45: 1942-1948; 1988. 
juvenile perch. In contrast, estradiol supplementation Migaud H., Mandiki S.N.M., Gardeur J.N., A. 
resulted in high growth rate in relation to high food Fostier A., Kestemont P. and Fontaine P., 2003. | 
intake in females not in males. In previous study Involvement of sex steroids in final final maturation, 

(Malison et al., 1988), yellow perch fermales fed to ovulation and spawning in female Eurasian perch 

satiation with diet containing E2 gained more weight, Perca fluviatilis. Aquat. Living Resour (in press). 
consumed more food, and had higher food conversion Verslycke T., Vandenbergh G. F., Versonnen B., 
efficiency in males. Reduction in estradiol production Ars K., Janssen C. R. Induction of vitellogenesis in 
decreased or did not promote growth parameters 17a-ethinylestradiol-exposed ranbow trout 
apart from an increase in growth rate by the (Oncorhynchus mykiss): a method comparison. 

aromatase inhibitor fadrozole at the end of Comp. Biochem. Physiology 132C: 483-492; 2002. 
experiment. 

Therefore, estradiol has an effective action on 

sexually related dimorphic growth in juvenile 
Eurasian perch; to some extent, stimulatory in 
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HYBRIDIZATION OF EURASIAN AND YELLOW PERCH INCREASES GROWTH RATE IN 
OFFSPRING 

S.N.M. Mandiki’, Jeffrey A. Malison’, James A. Held’, Carole Rougeot?, Gersande Blanchard', Charles Mélard? and 
Patrick Kestemont! } 
1. University of Namur, Belgium, 2. University of Wisconsin-Madison, USA. 3.University of Liége, Belgium. 
Robert.Mandiki@fundp.ac.be 

Introduction: Based on its market value, Eurasian hatching (0.4 mg for YP or HYP vs 0.8 mg for EP or 
perch Perca fluviatilis is attractive species for HEP). Consequently, comparison of growth was only 
intensive aquaculture but the intensive culture is made between hybrids and purebred EP until days 
strongly limited by a slow growth rate, and thereby a 137 to 311 after hatching. Experiment began with 
low productivity. Over the 10 last years, considerable juveniles of different initial body weight (IBW = 7.4, 
information has been obtained on the biology of 9.6, and 7.5 g, respectively for HEP, HYP and EP) 
reproduction and growth dynamics of juveniles in but similar biomass (3.2 kg m”) in duplicate or 
pilot-scale intensive culture (Kestemont and Mélard, triplicate tanks of 53 or 59 fish each. 
2000, Baras et al., 2003). Until now, perch larvae Experiment 2: Crosses were performed conversely 
have been mainly obtained from wild breeders, with breeders from the 2 species (EP and YP) on 
without any genetic selection that would result in April 30, 2000. Fertilization and incubation were 
improved survival and growth performances in carried out using the same methods as in experiment 
culture conditions. In other percid fish, improvement 1. Due to high mortality of offspring from YP 
of growth rate has been demonstrated by femiales in the first week after hatching, only EP and 
hybridization of walleye Sander vitreus and HEP larvae and juveniles were compared. 
sauger S. canadensis (Malison et al., 1990). The Experiment was conducted using similar biomass 
objective of the present study was to evaluate (3.2 kg m”) of 11543 - 15167 larvae (days 0-40) or 
hybridization of Perca fluviatilis (EP) and P. 304 juveniles (IBW = 0.12 g, days 41-217) per 
flavescens (YP) in an effort to improve the growth group. Additionally, 50 juveniles per group were 
rate of perch juveniles. used for sex ratio determination at day 179 after 
Methods: Two experiments were conducted in a hatching. 
recirculating system at 22~23°C. Results: Experiment_1: During the juvenile stage, 

Experiment 1: Two types of hybrids (EP females x survival was similar among the 3 fish groups (55, 55 
YP males = HEP, and YP females x EP males = and 54%, respectively for HEP, HYP, and EP). 
HYP) were produced after an exchange of gametes Growth parameters at the end of experiment (day 
between the Universities of Namur (Belgium) and 311) were higher (P<0.05) in both hybrid groups 
Wisconsin-Madison (USA). Semen from several EP compared to purebreds, however feed efficiency did 
or YP males was pooled before dilution (1:4) with an not significantly differ (Table 1). Weight gain was 
extender (Moore, 1987) and stored in oxygen at 4°C comparable between Eurasian (HEP) and Yellow 
during air freight. Then, the ribbon from YP or EP (HYP) perch hybrids (456 vs 434 mg fish’! d’’), and 
female was divided into two egg strands and significantly higher than purebreds (EP, 280 mg fish’! 
fertilization was made with the two types of semen to d''). At the end of experiment, weight gain was 63% 
avoid maternal effect. For each species, about 7 higher in hybrid EP juveniles than in purebreds 
different strands of eggs were fertilized. Just after although similar IBW. Growth heterogeneity did not 
fertilization, YP egg strands were stored in oxygen at differ among the 3 genotype. 
room temperature, and transferred to Belgium by air Experiment 2: Survival was comparable in hybrid 
freight. For incubation, egg strands were placed in (9%) larvae and purebreds (12%), and increased with 
trays in a recirculating flow system under a constant the age of fish with higher values in hybrid juveniles 
temperature regimen (15 — 17°C) in the indoor than in purebreds (Table 2). Body weight at hatching 
facilities of the University of Namur. Eggs hatched at and at the end of larval period were higher (P<0.05) 
different but relatively close dates: April 27 (YP, in hybrid larvae (0.95 and 138 mg) than in purebreds 
HYP), April 28 (HEP), and May 11 (EP), 1998. (0.74 and 110 mg). Weight gain was 23% higher in 
Larvae were initially reared in 300-1 square tanks at hybrid larvae than in purebreds (3.29 vs 2.68 mg fish” 
22 — 23°C and fed during the first 17 days with 'd'). During the juvenile stage, final body weights 
Artemia nauplii. Then, larvae were progressively were higher in hybrid juveniles than in purebreds but 
trained to accept artificial dry food (BioMar — not SGR (Table 2). Weight gain was 39% higher in 
Aquastart). During this period, mortality was high for hybrid juveniles than in purebred (125 vs 90 mg fish” 
YP and HYP larvae due to their smaller size at 'd’'). Growth heterogeneity was comparable between 
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hybrid juveniles and purebreds. On day 179 after strands between Madison and Namur. It is worth 
hatching, the proportion of males was higher than noting that survival was higher in hybrid juveniles 
females (65%M, 31%F, 4% steriles, P<0.05), while from Eurasian perch females than in purebreds since 
the purebreds have a 50/50 sex ratio. At that stage, high mortality is one of the limiting factors in the 
mean body weight was not significantly different development of Eurasian perch aquaculture. The 
between hybrid females (14.2 + 1.4 g) and hybrid better healthy condition of hybrids which increased 

males (15.7 + 0.9 g). with the age of fish, compared to purebreds, may be 
related to heterosis effect. In fact, survival was 

Table 1: Growth performance in purebred (EP) and comparable between hybrid and purebred larvae, but 

hybrid (HEP, HYP) juveniles from Perca fluviatilis values were 43% higher in hybrid juveniles than 
EP) and P. flavescens (YP purebreds. Also, weight gain was 23% higher in 

| ss | )3©HEP)=—COHYP——COEPSCs hybrid larvae, and varied between 39 to 63% in 

FBW, g 87+12* 85+5° 56+ 13° juveniles. Preliminary study demonstrated that all- 

CVesw 31457 24412 3146 female population and normal population had 
SGR (%d") 1.5+£0.1° 1.3+0.0" 1.22+0.2? comparable growth rates during larval and juvenile 

FE 0.44 + 0434 0384012 stages although significant differences were observed 
0.02 0.0? during the ongrowing stage (Rougeot et al., 2002). 

= : Therefore, hybridization is efficient to improve both 
FBW: final body weight at day 311 after hatching. growth and survival performances of Eurasian perch 
CV: coefficient of variation. SGR: Specific growth :; : sas ; 

; : _ juveniles. However, further investigations are still 
rea Feed efficiency. Different letters in row = P warranted to determine the reproductive capacity of 
— hybrids, and to test whether the sex deviation towards 

high male proportion was related to a male or other 

= 1005 HEP a? genetic factors as it is the case in some mixed-sex 

z 75 _——— EP a” 5 populations. 
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Po 2003. Effect of stocking density on dynamics of 
| Figure 1: Changes in body weight in purebred (EP) cannibalism in sibling larvae of Perca fluviatilis 

and hybrid juveniles (HEP and HYP) from Perca under controlled conditions. Aquaculture 219: 24]-— 
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Kestemont, P., Mélard, C. 2000. Aquaculture. In: 

Table 2: Survival and growth performances in Craig J.F., (Ed.), Percids Fishes — Systematics, 
purebred (EP) and hybrid (HEP, HYP) juveniles Ecology and _ Exploitation. Blackwell Science, 

from Perca fluviatilis (EP) and P. flavescens (YP Oxford, 191-224. 
fT tsti<“‘<‘z;*:s*tSCAEPts—<“i«i«~iRPSCSOSC*”T Malison J.A., Kayes T.B., Held J.A. and C.H., 
Survival (%) 90 + 7 6349 Amundson. 1990. Comparative survival, growth and 

FBW, g 02.842.9 17.342.4° reproductive development of juvenile Walleye and 
CVECV} 120 +012 0.914012 Sauger and their hybrids reared under intensive 
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variation. SGR: Specific growth rate. Different letters Culturist 49:40-43. 

in row = P <0.05. Rougeot, C., B., Jacobs, P., P., Kestemont, C., 
Discussion: During the two experiments, high Mélard. 2002. Sex control and sex determinism study 
mortality was especially encountered for offspring in Eurasian perch, Perca fluviatilis, by use of 

from crossings with yellow perch females in relation hormonally sex-reversed male breeders. Aquaculture 
to problems of accessibility to feed due to their small 911:81-89. 
size at hatching. Another cause of weakness for 
yellow perch larvae may be related to an alteration in 
egg quality due to the transfer of fertilized egg 
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GENETIC GROWTH IMPROVEMENT OF PERCA FLUVIATILIS: A REVIEW 

Charles Mélard', Carole Rougeot!, Robert S.N.M. Mandiki’, Pascal Fontaine? and Patrick Kestemont 
‘University of Liege, Aquaculture Research and Education Center, 10 Chemin de la Justice, B-4500 Tihange, 
Belgium, C.Melard@ulg.ac.be ; *University of Namur, URBO, 61 rue de Bruxelles, B-5000 Namur, Belgium; 
University of Nancy, LSA, 34 rue Ste Catherine 54000 Nancy, France. 

Introduction. Among the different problems related hybridisation have been developed to improve 
to Eurasian perch aquaculture, the poor growth rate growth rate of Eurasian perch in culture conditions. 
can be considered as a major limiting factor for the = 8 
emergence of a commercial activity (Mélard et al., 2 [Group 1 
1996). The production of marketable 80-100 g fish 6 [] Group 2 
(Swiss market) reared under optimum conditions at a = 60 Group 3 
temperature of 23°C in recirculating aquaculture E . P 
system (R.A.S.) takes at least one year starting from = 40 Mean body weight: 28 g 
larvae (Figure 1). Under natural temperature regime Coeff. of variation: 0,59 
(cage rearing), the minimal market size is obtained in 0 
more than 800 days (Kestemont and Mélard, 2000). = 
Resulting from this poor growth capacity, food i TT Hee ar 
conversion ratio (FCR) using high quality diet ranges 0 ee 
from 1.0 for 1 to 40 g fish but increases to 1.5 then 0 5 10 15 20 25 30 35 40 45 50 55 60 65 70 75 80 85 
2.0 for 80 and 300 g fish, respectively (Mélard et al. Body weight (g) 
1996). , , ; 

Due to the slow growth, intensive perch culture is Figure 2. Growth heterogeneity of an Eurasian perch impaired by low production rate (350-400 g m® d’), family reared under intensive conditions in R.A.S 
even at high stocking biomass (60-80 kg m”). High during 200 days at 23°C. 
FCR also contribute to reduce the productivity of Strain selection. Research conducted on growth of 
perch rearing. Together these 2 factors result in high several Eurasian perch wild strains originating from 
production costs, especially in recirculating different regions of Europe reared in R.A.S at 23°C 
aquaculture system and, consequently, low suggested marked differences between strains: at day 
profitability. The emergence of a new market in 200 starting from larvae, body weights of Belgian 
Belgium, France and Germany for larger fish (350- and North-East France strains were 56% and 76% 
400 g) also strengthens the necessity to improve larger respectively than in South-West France and 
growth characteristics of Eurasian perch. North Italy ones (Figure 3). Starting from 4-5 g 

— 500 fingerlings, survival was also higher (60%) in 
= 459 J—R-AS.. temperature: 230C Belgian and North-East France strains than in South- 
S 400 477-- Cage, temperature: 2-230C West France and North Italy ones (Mandiki et al., 
$ 350 Minimal Market size 2003). 
S (Belgium, France) ~ 
8 300 

ZF 35 
250 + —#— North italy 
200 2 30-| —+— South-West France 
450 = 2-7 —*—  bBeigium 

Minimal o ——e— North-East France 
100 4 Market size ——— 9 20 
50 -(Switzerland) a 15 oO” 

| 0 _—__ 
0 100 200 300 400 500 600 700 800 " Oo — 

Age (days) o ———— 

Figure 1. Growth curves of Eurasian perch (Belgian 0 
strain: mixed sex populations) reared under intensive 0 20 40 60 80 Time (days) 
conditions at 23°C in R.A.S. and in cage under Aae : 80 days 
natural temperature. sen cay Age : 200 days 

Growth rate heterogeneity is another major sutaing of Lurasian peroh Teed colder nteearms 
feature of perch rearing (Figu re 2). Fast growing fish conditions in R.A.S. at 23°C, two progenies / strain. (group 3, figure 2) growth twice as fast than slow aon 
growing ones (group l, Figure 2). The high growth Domestication. It 1S well established . that 
rate of some fish, likely having a genetic component, domestication 1S beneficial when fitness 1S positively 
suggest that the possibility to increase growth of correlated with desired aquacultural traits like growth 
Eurasian perch using selective breeding programs rate or eggs and larvae quality. The comparison of 
exists. Several techniques based on genetic growth potential of domesticated progenies (F 1 & 
characteristics including strain selection, F2) from captive breeders (no selective breeding 
domestication, all-female populations = and program) to wild progenies obtained from wild 

breeders from the same strain (Belgium, river Meuse) 
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reared in R.A.S. at 23°C showed a significant growth = 400 
rate improvement in domesticated fish. At 300 day = ——#— Hybrids fluviatilis F x flavescens M: 
old, Fl and F2 domesticated fish growth 33% and & 350 0.47 g fish "1a"! 
72% faster, respectively, than wild fish (Figure 4). 5 4) [+P fluviatilis: 

~ = 0.33 g fish “1a71 
& 100 ° 
= —a— Wild fish: m 250 
2 x 0.18 g fish “'a"" 200 
3 ——*— Domesticated F1: 
o 0.24 g fish “1a-t 150 
ca 60 —e— Domesticated F2: JOO —prvvesscrsssescsscscssnesonssssecaneessunssnupipnnsaspfccosornsccessnnseesronseccevavessaneesnsssronsvecsnsssrersnsssors 

40 0.31 g fish“! a" 50 a 
; . 

20 0 100 200 300 400 500 600 700 800 

9 . Age (days) 

0 == Figure 6. Comparative growth of purebred P. 
0 40 80 120 160 200 240 280 320 fluviatilis and hybrids P. fluviatilis female x P. 

Age (days) flavescens male reared in R.A.S at 23°C (mean of 
Fj 4. Eff fd ticat; wth of duplicate). 

Eteasian ‘perch Cened a R eon 53° (Belgian Conclusion. The 4 factors mentioned above, alone or 
strain; mean of duplicate) _ in combination, can induce a positive response in the 

° ae eg short-term, to enhance the growth of Eurasian perch. 
All-female populations. Due to the inhibition of An improved growth rate combined with lower FCR 

sexual maturation under a constant temperature of should significantly contribute to an increase of 
23°C (GSI>20% in natural temperature condition) productivity and a lowering of production costs of 
and to a higher intrinsic growth potential, females Eurasian perch in intensive culture. Supplementary 
grow faster than males in intensive conditions. At information is needed about the effects of these 4 

400 and 600 days old, growth rates of females are factors on growth. A probable family effect on 
20% and 80% higher respectively than males. Due to growth should also be evaluated. The identification 
this faster growth rate of females vs males, rearing of of the best strain adapted for intensive culture 
all-female populations results in an increase of 35% conditions is ‘the first step to start a selection 

of growth for marketable fish: the market size of 100 program. In the long run, selective breeding program 
g is obtained in 9 vs 12 months in mixed sex exploiting the genetic part (additive genetic variance) 
populations (Figure 5). All-female populations can be of the high growth heterogeneity of perch (figure 2) 

obtained using sex reversed males breeders (male should result in domesticated strains showing higher 
phenotype, XX genotype; Rougeot et al., 2002). growth rate. To initiate a directional selection 

& 160 program it will be necessary firstly to establish the 
= od 50% males - 50% females: 0.29 g fish ~'d- heritability of this quantitative trait in Eurasian perch. 
3 @ 100% females: 0.40 g fish ~'d-1 ~ Acknowledgements. This work was supported in 
> 120 part by the Walloon Regional Government (DGRNE, 
D100) mpannennuetummunnnenmentmemmtunaennetennee Mn uteallege DGTRE), the European Commission (FAIR-CT98- 
— _ 9241) and Electrabel S.A. 
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AN ESTIMATE OF OPTIMAL TURBIDITY TO MAXIMIZE SURVIVAL AND GROWTH RATE OF 
LARVAL WALLEYE IN INTENSIVE CULTURE 

Todd A. Phillips and Robert C. Summerfelt, Department of Natural Resource Ecology and Management, 124 
Sciences 2, Iowa State University, Ames, IA, USA 50011-3221, USA, rsummerf @iastate.edu 

Introduction. Several studies have shown enhanced Ph oo 
survival and growth of some species of larval fish in Nea a an 
intensive culture by using water with intentionally Figure 1. Scanning electron gat: rm 
increased levels of turbidity. It is speculated that microscope (SEM) Py i a be ys 
turbid water may increase feeding of larval fish by photographs of ball clay used ne eee ae 
providing a visual contrast of prey items (Boehlert in the experiments ne aa nn a 
and Morgan 1985; Bristow and Summerfelt 1994), or A. 1.000 X (bar =5 an . 
by illuminating feed particles from the light- rd (bar = 5 ym) - g ee 
scattering effect of turbidity (Bristow and B. 20,000 X (bar = 0.5 pm). Age 7 
Summerfelt 1994). Bristow et al. (1996) reported a 
35% survival of larval walleye (Sander vitreus) in Turbidity (NTU) not clay a turbid water (23.8 NTU) compared with 6.6% and ° concentration is essential for Pei. 1.9% in clear and blue colored water, respectively. | ce 
They reported that mean weight of walleye at 21- intensive culture of larval Pay ft 
days posthatch was 270 to 380% greater for fish in walleye, but there is a nearly aes a. - 
turbid (23.8 NTUs) water than in clear or blue perfect 1:1 linear relationship NO ale colored water (Bristow et al. 1996). The purpose of between NTUs and clay Beto ei 
this study was to determine whether there is an concentration (Figure 2). ee 
optimal level of turbidity for larval culture of walleye 
without causing damage to the gills or general fish . health. 360 Y = 1.523 + 1.007 * X; r= 1.00 

Methods. Larvae were reared for 25 days in 277-L = 300 
fiberglass tanks from 3- to 28-days posthatch. There Figure 2. £250 
were two no-clay controls (0 turbidity) and ten Regression § 200 
turbidity treatments: 12, 26, 54, 91, 100, 144, 182, of clay 8 150 
206, 227, and 295 NTUs (mean values for the 25-day concentration 8 100 
exposure). Eyed eggs of walleye were incubated in (mg/L) on 8 50 
McDonald hatching jars in our laboratory. Only turbidity. 0 
larvae that hatched within a 24-h interval were used 0 50 100 150 200 250 300 350 
in toxicity tests. Larvae were stocked at 3-days Turbidity (NTUs) 
posthatch at a density of 17.9 larvae/L (4,950 
larvae/277-L tank). Five fish were sampled every 

day and observations of the day when the yolk sac When fish were 28-days posthatch, the gills of 7 
and oil globule disappeared were used to describe fish from each turbidity treatment were excised, 
their larval stage: fixed, mounted in paraffin blocks, sectioned and 
Prolarva (1- to 5-days posthatch) - yolk sac and oil stained with hematoxylin and eosin (H & E). 
globule present; gas bladder has not inflated; gill Sections of the secondary lamellae on the first and 
rakers are present but gill lamellae absent. third gill filaments were examined by light 
Postlarva I (6- to 14-days posthatch) - yolk sac microscopy for five pathologies: necrosis, lamellar 
absent, oil globule present; primary gill filaments fusion, epithelial lifting, hyperplasia, and clubbing 
Postlarva II (15- to 21-days posthatch) - oil globule using the description of these pathologies given by 
absent, secondary lamellae present (gill respiration Mallatt (1985). Gills were also examined for the 
developing). presence of debris. Frequency of occurrence of 

A commercial aluminum-silicate ball clay (Old specific histological changes was calculated as the 
Mine #4 Kentucky ball clay, Kentucky-Tennessee number of occurrences/100 (i.e., percent) secondary 
Clay Company, Mayfield, Kentucky) was used as the lamellae. 
source of turbidity. This clay has a specific surface A second degree polynomial was used to 
area of 24.4 ym*/ym”; 72% of the particles are < 1.0 describe the relationship between turbidity and fish 
vm. In solution, the particles form amorphous survival to 28-days posthatch and between turbidity 
clumps (Figure 1A), which upon higher and growth between hatch and 28-days. The Z-test 
magnification, reveal a smooth surface that unfolds was used to determine probability of the correlation 
into thin leaflike layers (Figure 1B). coefficient (r). 
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Results. Survival to 28-days posthatch was less than turbidity treatments 26, 182, and 295 NTUs (Fig. 5). 

0.1% (data points not shown in Figure 3) for fish Debris stained with H&E, indicating that it was food 
raised in tanks without clay (i.e., turbidity of <1 not clay. 
NTU), whereas survival ranged from 10.6% at 12 ry F PL 

NTUs to 43.3% at 206 NTUs (Figure 3). The ge eS 

correlation coefficient between survival and turbidity : 4 Wl BP” not | 

was 0.915 (P value for Z test = 0.008). : oP Vie a 
Y = 4.637 + .363 * X- .001 * XA2; r= .915, { | AS 

50] P value for Z test = 0.0084 ATS - : i 
40 . % Ai b>, 

3 % a 4 4 ee , 

“ 36 . Ay ie 4 } 
& e e ° e ‘ to ax \ s 

8 ee % : 
s ’ Ye yy oh i 

10 Figure 5. Gill section with debris between adjacent 

secondary lamellae. 

° 0 50 100 150 200 250 300 350 Discussion. The present study corroborates findings 
Turbidity (NTUs) by Bristow and Summerfelt (1994) and Bristow et al. 

Figure 3. Relationship between fish survival (%) to (1996), showing that survival and growth of larval 
28-days posthatch and turbidity (NTU). N= 12 but walleye during larviculture 1S enhanced in turbid 

yS po y 
low survival (<0.19%) in the two tanks without clay water by the addition of commercial ball clay. The | 
(i.e., clear water, <1 NTU) are out of range. present study demonstrated that maximum survival is 

at turbidity levels nearly four times greater than that 
Although the highest survival was at a turbidity of used previously. Although it has been suggested that 
206 NTUs, the relationship between survival and the clay fraction of suspended solids in nature may be 

turbidity was parabolic. Thus, calculated from the injurious to fish gills, no adverse effects were 
quadratic equation fit to the data, (Figure 3) turbidity observed in this study at clay concentrations as high 
for maximum survival was 181 NTUs. as 298 mg/L (295 NTUs). 

The range (Mean + SE) in total length at 28-d 
posthatch was from 18.1 + 0.33 mm for fish in the Acknowledgments. This is journal paper J-17043 of 

no-clay treatments to 26.4 + 0.41 mm at 227 NTU. the Iowa Agriculture and Home Economics 
The relationship between growth rate and turbidity Experiment Station, Ames, Iowa (project 2982); the 
was parabolic (Figure 4). research was supported by Hatch Act and State of 

© Y = .407 + 002 * X - 5.052E-6 * XA2: r= .818 lowa funds. 
© 80 P value for Z test = 0.0071 
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SEX DETERMINISM IN EURASIAN PERCH, Perca fluviatilis: EFFECT OF GENETIC AND ENVIRONMENTAL FACTORS 

Carole Rougeot. Aquaculture Research and Education Center (CEFRA), University of Liége, Chemin de la justice, 10, 4500 Tihange, Belgium. C.Rougeot@ulg.ac.be 

Introduction. In fish, sex is genetically (GSD) based on gonad morphology (XY males displayed and/or environmentally (ESD) determined. Besides paired testes and XX males displayed a single testis sex chromosomes (generally XX/XY or ZW/ZZ), with nodule). 
autosomal genes are also involved in sex Exp. 4. In order to induce gynogenesis, semen determinism mechanism in fish. Several studies was 10-fold diluted in extender, a solution with have proven that environmental factors, principally Bicine. 10ml of diluted sperm were placed on Petri temperature, can influence the sex differentiation dishes and placed 5 cm under UV light (254nm, 15 mechanism towards males or females. Watts) for 400 seconds. Each spawn was divided Only 10 % of fish species display into 3 parts and articially fertilized with sperm : heteromorphic sex chromosomes, and despite the one with non-irradiated sperm (control), the second recent research, few sex-specific markers exist in part with UV-irradiated sperm and heat-shocked fish. In order to study the different genetic (gynogens) and the third part with UV-irradiated mechanisms involved in genetic sex determinism in sperm and not heat-shocked (haploid). A heat fish, hormonal sex inversion, crosses with shock of 30°C for 25 minutes was applied hormonally sex-reversed breeders, gynogenesis beginning at 5 minutes post-fertilization on (method of chromosome-set manipulation in which gynogens batches in order to induce the retention of offspring inherited all the female set of the second polar body (Rougeot ef al, 2003). chromosomes) or interspecific hybridization are Ploidy levels was assessed by flow cytometry currently used (Devlin and Nagahama, 2002). analysis on 2-days old larvae and sex ratio The aim of this document is to present a determined by morphological examination of the synthesis of study genetic sex determinism (using gonad. 
hormonally sex-reversed breeders, gynogenesis, Exp. 5 Hybrid perch were artificially produced inter-specific hybridization) and environmental sex by crossing female Eurasian perch and male yellow determinism study (high temperature) in Eurasian perch. Each spawn was divided into 2 parts : one perch. part was fertilized with Eurasian perch sperm Materials and methods. Exp 1. Hormonally sex- (control) and the other part was fertilized with reversed male breeders of Eurasian perch were Yellow perch sperm (hybrid). After larval rearing, produced by feeding mixed-sex juveniles (mean hybrids and their respective control were body weight (Pm) = 40 to 205 mg) perch transferred into a recirculating aquaculture system populations with diet complemented with (23°C, O2 > 6ppm) for ongrowing during 6 months. exogenous sex steroid 17a-methyltestosterone (40 When gonads were morphologically differentiated to 80 mg kg" food) for 30 to 80 days. in male and female (6 months old), the sex ratio of Exp. 2. In order to compare some reproductive the progenies was assessed on 100 random fish characteristics of XY males vs XX males we from each group. 
determined the gonadosomatic index (GSI), sperm Exp. 6. In order to test the effect of temperature concentration, sperm motility and plasma levels sex on sex determinism in Eurasian perch, different steroids (testosterone - T, estradiol — E, and 11keto- batches of undifferentiated juveniles (Pm = 40 mg) testosterone — IIKT) during the reproductive were exposed for 30 days to high temperature (29 period (1 April — 15 May) for each male genotype. to 34°C). 33 and 34 °C were lethal in perch (all fish Gonadosomatic index (100 x gonad weight / total died after one day). 
body weight) and sperm concentration (estimated Results. Exp. 1. Complete sex reversal (100 % by counting spermatozoa in a hemocytometer) were male progenies) was obtained exclusively when the determined in the middle of the spawning period hormonal treatment was applied to fish initially (25 April). Sperm motility was assessed using ranging from 40 to 71 mg, regardless the dose and computer-assisted sperm analysis (CASA) and treatment duration. High initial body weight (> 70 expressed by the curvilinear velocity (VCL, pm mg), high hormonal doses (>80 mg kg”) and long sec’), straight line velocity (VSL, pm_ sec’), duration (80 days) induced variable proportions of average path velocity (VAP, um sec’) and males (70 to 97 %), females (0 to 29 %), ovotestis percentage of motile sperm (MOT, %). Plasma T, (0 to 18 %) and undevelopped gonads (0 to 27 %) J1KT and E, levels were assessed by in the resulting populations (Rougeot et al., 2002). radioimmunoassay (RIA) at the beginning (6 Exp. 2. Gonadosomatic index and sperm April), the middle (25 April) and the end (9 May) concentration were not significantly (p > 0.05) of the spawning period. different between the two genotypes (Table 1). Exp. 3. Mixed-sex and all-female populations None of the four motility parameters were of Eurasian perch were artificially produced by significantly (p > 0.05) different between XY and fertilizing eggs with sperm from normal XY male XX males. T, 11KT and E, levels increased in the (mixed-sex populations) and hormonally sex- middle of the reproductive season (2.70 + 0.34; reversed XX male (all-female populations) selected 3.93 + 0.52 and 4.25 + 0;55 ng ml’, respectively) 
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and decreased at the end (1.79 + 0.27; 1.89 + 0.26 Exp. 6. The sex ratios of all the progenies was 
and 1.18 + 0.24 ng ml") but were not significantly not significantly (p > 0.5) different from a balanced 
different between the 2 genotypes. sex ratio (50 : 50). 

GSI (%) Sperm density Males Females Undeveloped 
(10° mt’) (%) (%) gonads (%) 

XY males 7.62.1 32.8443 Hybrid 1 64 36 0 3.99" 
XX males 7.0+2.4  34.043.0 eek : Re 

Table 1 : GSI (%) and sperm density (10° ml") of XY yor 
and XX males. Control2 5000 50 OO 

Table 3 : sex ratio of hybrid progenies between Eurasian 

Exp. 3. Sex-ratio of progenies resulting from a perch female and Yellow perch male. * p < 0.05. 
cross with normal XY male were not significantly . . , , , 
(p > 0.05) different from a balanced sex ratio in 7 Discussion The sex ra obtained in pp. 3. 
families and were significantly (p < 0.05) skewed wees at or led bey Pons in XX sex 
towards males or females in two families. Sex ratio bro is contro fer , y Tee earl ‘ ved 
of all-female populations is significantly (p < 0.05) c ratio obse in din? es. ln signi aie from 
skewed towards females : 97.0 to 100 % (Table 2). Sex Tallo observed in populations resulting trom a ; 

cross with a normal XY male and males observed 
Seco Wyn in populations were all-female were expected, 

——__Sex ratio (%) suggested the action of other genetic sex- 
N Noffish Female Male x determining factors (e.g., autosomal genes). All- 

| Sexe female obtained in gynogens batches confirm that | 
XY 11 49-100 32.7- 42.1- 0.0-3.0 Eurasian perch display a female homogamety XX 
male 57.9 673 chromosomic system. Nevertheless, as we did not 

2 100-469 39.3- 35.0- A 6-11.0* observe any males in progenies, we can not 
65.0 60.7 confirm the hypothesis of an autosomal role. 

TT Hybrid's sex ratios also suggested the possible 
XX 5 56-100 100 0 37.3- effect of an autosomal gene as was suggested for 

male 66.7 other species as tilapia or carp (see review by 
3 46-100 -97.0- 1.5-3.0  39.8- Devlin and Nagahama, 2002). A possible role of 

98.5 36.7* environment (temperature) on sex determinism in 
Table 2 : Sex ratio of progenies resulting from crosses Eurasian perch was not proven. 
with XY males and XX males. Values are minimum and Conclusion. In Eurasian perch, sex is primarily 

maximum. N = number of batches. *p < 0.05. determined by sex chromosomes in which female is 
oy amt: the homogametic sex (XX). A role of an autosomal 

contd tou ahd syncs pp: Phe wg SefSmng gene sugested fo ery als ; arising from crosses wi males, the two 
other gynogens batches displayed 6.7 and 10.0 % skewed sex ratio observed in normal crosses and in 
triploids ash, sugeesting that U'V-arradiavion was hybrid progenies, but this hypothesis is still not 
not completed. Ihe control displayed a balance confirmed by mitogynogenesis or high inbred 
sex ratio and the 4 gynogens batches are all-female cynogenesis... Bynes e 

(100 %; Fig.1). Acknowledgements. C. Rougeot is a Ph.D. grant 
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90 the Walloon Regional Authorities : DGTRE, 
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Exp. 5. Controls displayed a balanced sex ratio Mélard~ 2003. Induce triploidy by heat shock in 
and the 2 hybrids batches displayed a significantly Eurasian perch, Perca fluviatilis. Aquatic Living 
p o rane aie sex ratio towards males (64 and Resources 16: 90-94. 

0, © 5). 
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LARVAL STUDY ON PIKEPERCH Siaiczostedion lucioperca: EFFECTS OF WEANING AGE AND DIETS 
(LIVE AND FORMULATED) ON SURVIVAL, GROWTH, CANNIBALISM, DEFORMITY AND STRESS 
RESISTANCE 
Xueliang Xu*, Jean Maboudou, Ibrahim Imorou Toko and Patrick Kestemont, The University of Namur, Research 
Unit in Organismnic Biology, rue de Bruxelles, 61, 5000 Namur, Belgium, Xu.Xueliang@fundp.ac.be 

Introduction. Experiments on intensive rearing of were weighed and checked individually for deformity 
newly hatched pikeperch fry have not been successful under microscope. 
(Ruuhijarvi and Hyvarinen, 1996). Although Results Experiment 1. The best weight gain and SGR 
pikeperch accept both live and formulated diets, both were observed in larvae weaned at day 19 posthatch (P< 
survival and growth are very poor. Therefore, two 0.05), which were even better than that of the control 
feeding trials were conducted to study the optimal group. The lowest weight gain and SGR were found in 
weaning age and potential formulated feed for fish weaned at day 12 posthatch (figure 1). Substantial 
pikeperch Stizostedion lucioperca larvae. In the first amount of morphological deformities (11.9-38.6%) 
experiment, newly hatched larvae were fed Artemia were observed in survivors. The highest rate of 
nauplii, then progressively weaned on the day 12, 19 mandibular or maxillary deformities (37.6%) was found 
or 26 posthatch with artificial diet. In a second in the control group. Results showed that the formulated 
experiment, two commercial fish diets (marine, feed significantly improved jaw development by lowing 
freshwater) and two live foods (newly hatched the rate of deformation at the weaning age of day 12 
Artemia nauplii and Artemia nauplii enriched with (20.7%), day 19 (11.9%) and day 26 (20.7%), 
ascorbic acid and highly unsaturated fatty acid HUFA) respectively (figure 2). The lowest cannibalism was 
were investigated in an 18-day trial. Survival, growth, found in larvae weaned at 12 day posthatch. 
deformity and stress resistance were assessed. The E 450 
aims of these studies were to determine the optimal £ 400 T_. 
weaning age (habituation to dry feed) and suitable ge 350 a, v4 
commercial feed for pikeperch in relation to survival, £00) Ee ood — 

Methods. Experiment 1. Ten thousands pikeperch ese eo cS oe Do 
larvae (10 day post-hatching) were obtained from a c.c0) Fat fa i 6 commercial fish farm in The Netherlands. After S so} jaae yee er ie 
acclimation in well water at 1.5 x 1.5 x 1 m fiberglass < oo a Savas Say as Sera : 
tank for 2 days, 12 groups of 120 individuals (mean 

weight = 3.1 mg) were randomly divided into Figure 1. Effect of weaning age on growth of rectangular plastic tanks (16 L) to provide triplicate of ikeperch larvae | 
three weaning age treatments (day 12, 19, 26 P P 
posthatch) and a control group (feeding Artemia). af 
Water temperature was kept at 20-21°C. BioKyowa ~-¢° oe 
FFK feed was used as the weaning feed to replace s°> 1 mw Bpinaldets 
Artemia nauplii. Weaning procedures were completed 3 oe 
by decreasing the proportion of Artemia nauplii while £°>> | i. 
increasing the proportion of dry feed. All groups of o*° | : 
larvae were fed every 1.5 h a day. Dead fish were a” 7 aE 
checked for normal and cannibalistic death by eR : 
microscopy and recorded. is : | 
Experiment 2. Both marine (MW1, MW2) and O "“\nuais Deyiz Daas papae 
freshwater fish diets FFK, FW2 were used at the day 
19 posthatch in comparison to live foods (Artemia Figure 2. Effect of weaning age on deformity of 
enriched or non enriched with vitamin C and HUFA). pikeperch larvae. 
After an 18-day feeding trial, survival, growth, Experiment 2. Pikeperch fed live food | had 
deformity and the ability to resist to stress tests were significantly better growth than formulated diets, fish 
evaluated. At the end, 20 larvae were selected from fed FW2 diet had significantly better growth than 
each tank and put into 10 L container with 3% salinity those fed with MW1 and MW2 diets. The best growth 
of artificial seawater for 30 minutes, and survival rate was obtained in larvae fed enriched Artemia nauplii 
of each group under stress test was calculated. Larvae (P<0.05) with no deformity (scoliosis or lordosis) 

while high deformity rate was found in larvae fed 
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marine fish diet (figure 4). Positive correlation be essential for fast growing larvae and to prevent 

(r=0.744) was achieved between ascorbic acid content scoliosis or lordosis from some essential nutrients 
in the diet and larval carcass and reduction of larval deficiency. The results of stress test showed that fish fed 
deformity. Stress resistance test showed that larvae fed FFK diet had better ability to resist osmotic shock 
enriched Artemia had the best survival rate among all compared to fish fed with other formulated diets. 
treatment groups. However, the best survival rate of larvae was found in 

B50 fish fed with enriched Artemia nauplii, indicating that 
Ef Seo enriched Artemia containing extra vitamin.C and HUFA 

E 380 | may also enhance stress resistance in pikeperch larvae. 
= 700 | The stress resistance enhancement by vitamin C has also 
% 2100 - been reported in European sea bass Dicentrarchus = 50 -~ 

= °- labrax larvae (Merchie et al., 1995) and walleye, 
© & e eo e. of oe Stizostedion vitreum larvae (Kolkovski et al., 2000). 

“ e In summary, the present results indicate that the optimal 

, , oo, weaning age for pikeperch larvae at 20°C is the day 19 
Figure3.Effect of diet on growth in pikeperch. posthatch, Enriched. Artemia nauplii with extra 

ee I vitamin.C and HUFA would be beneficial for pikeperch 
2 60 larval rearing in terms of survival, growth and normal 
re me fe development. Further investigations are needed on , 
§ > | ia larval nutrition in order to reduce mortality, deformity 
a = el ola and cannibalism during this critical period of earl 
a. L | ie oc fal to development. . P * 
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high weight gain was found at weaning age of day 19 References. 
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nauplii only, indicating that pikeperch at this age Melard, C., 1995. Relationship between weaning size, 
probably develop proper digestive capability to digest growth, survival and cannibalism in the common perch 
and absorb multi-nutrients from artificial feed. The larvae Perca fluviatilis: LARVI95 Lavens, P., E. 
lowest weight gain observed at the day 12 posthatch Jaspers and I. Roelants (Eds). European Aquaculture 
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cannibalism, the growth would be compromised. gariepinus. J. Appl. Ichthyol., 11, 336-341. 
Experiment 2 showed that larvae fed FW-2 diet had Vu, T-T., 1983. Etude histoenzymologique des activités 
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and was comparable to fish fed FFK diet, showing that adultes de bar, Dicentrarchus labrax. Aquaculture 109, 

FW-2 may be suitable for pikeperch early feeding. The 56-69. 

best growth and none deformity were achieved in fish 
fed enriched Artemia nauplii containing extra vitamin. C 
and HUFA, suggesting that vitamin C and HUFA may 

56 .



“SPREITZER” VERTEBRAE, A UNIQUE CHARACTER FOUND ONLY IN Ammocrypta (CRYSTAL AND 
SAND DARTERS) 

John Clay Bruner, Laboratory for Vertebrate Paleontology, Department of Biological Sciences, University of Alberta, 
Edmonton, Alberta T6G 2E9 CANADA jbruner@ualberta.ca 

Introduction. The taxonomic history of darters has uncatalogued [1S], UAMZ 6796 [1S], UAMZ 6921 
witnessed the nominal genera reduced to as few as [1C&S], UAMZ 6922a [1C&S] S. vitreus vitreus 
1 genus (Gilbert, 1887; Meek, 1893) and increased UAMZ 5164 [1S], UAMZ 6713 [1S], UAMZ 
to as many as 31 genera (Jordan ef al, 1930). 6990 [1C&S], UAMZ 6991 [1C&S]. S. volgensis 
Bailey and Gosline (1955) reduced darters to the MNH,a,c, [2C&S]. Romanichthys  valsanicola 
3 genera Ammocrypta, Percina, and Etheostoma. UAMZ 6785 [1C&S], UAMZ 6858 [1C&S] Zingel 
Most workers followed the 3 genera classfication streber streber UAMZ 6925a [1C&S], UAMZ 6925b 
of darters until Simons (1991,1993) resurrected [1C&S]. Z. zingel MNH [1S], UAMZ 6926 [1C&S] 
the subgenus C7ystallaria to generic status, and Ammocrypta asprella INHS 74619 [1C&S], INHS 
placed the Ammocrypta subgenus within the 76333 [1C&S]. Ammocrypta clara INHS 13390 
genus Etheostoma. Simon et al. (1992), examining [2/4,C&S]. A. pellucida UAMZ 2502 [2/3,C&S]. 
characters of protolarvae of darters confirmed Percina sciera sciera INHS 16734 [2/4,C&S]. P. 
Simons’ elevation of Crysiallaria, but found a sister phoxocephala INHS 63847 [2/4,C&S]}. P. maculata 
relationship between the genera Ammocrypta and UAMZ 953 [1C&S], UAMZ 3327 [1C&S]. P. evides 
Etheostoma. Jenkins and Burkhead (1994, pp.852- INHS 68850 [2/4,C&S]. P. stictogaster INHS 64075 
3) gave 11 reasons for rejecting Simons’ hypothesis. [1C&S] P. aurantiaca UAMZ 6944 [2/4,C&S]. 
Song ef al. (1998), using mitochondrial cytochrome P. copelandi INHS 81049 [2/4,C&S] P. shumardi 
b DNA sequence data, rejected Simons’ (1993) INHS 63848 [2/4,C&S], NMC 70-0221 [2/4,C&S]. 
hypothesis of relationship between Ammocrypta P. caprodes semifasciata UAMZ 5373 [2/23,C&S]. 
and the Boleosoma subgenus within Etheostoma, Etheostoma tuscumbia UAMZ 6940 [2/4,C&S]. E. 
and in a strict consensus found Crystallaria and sagitta sagitta UAMZ 6941 [2/4,C&S]. E. cinereum 
Ammocrypta as sisters in their own clade. Shaw et UAMZ 6942 [2/4,C&S]. E. blennioides NMC 72- 
al. (1998) using morphological and allozymic data 0187 [2/16,C&S]. FE. tetrazonum INHS 81347 [2/ 
confirmed Simons’ (1993) relationship hypothesis. 4,C&S]. E. zonale zonale INHS 82377 [2/4,C&S]. E. 
While studying percid osteology, I discovered a stigmaeum INHS 79953 [2/4,C&S]. E. nigrum NMC 
unique type of anterior caudal vertebrae in which 79-1196 [2/10,C&S]. E. olmstedi NMC 87-0224 
the haemal arches are not closed. August Edward [2/25,C&S]. E. vitream INHS 74355 [2/4,C&S]. 
Spreitzer (1979, p. 214) was the first to report these E. chlorosomum INHS 17993 [2/4,C&S]. E. juliae 
vertebrae for A. pellucida. In his honor, I have named INHS 75490 [2/4,C&S]. E. parvipinne UAMZ 7525 
this type of caudal vertebrae “Spreitzer vertebrae”. [2/4,C&S]. E. okaloosae UF 74516 [2/27,C&S]. 
Methods and Materials. Specimens used in this FE. edwini UAMZ 6938 [1/2,C&S], UAMZ 6939 
study were cleared and stained [C&S] using the [1/2,C&S]. E. trisella UAMZ 6943 [2/4,C&S]. E. 
method of Taylor and Van Dyke (1985). Dry skeletons caeruleum NMC 80-0857 [2/25,C&S]. E. flabellare 
[S] examined are from the osteology collections NMC 72-0181 [2/18,C&S]. E. exile UAMZ 6852 
of the University of Alberta Zoology Museum and [IC&S], UAMZ 6853 [1C&S], UAMZ 6854 
the Maygar Nemzeti Muzeum (MNH), Budapest, [1C&S], UAMZ 6855 [1C&S]. 
Hungary. Codens of institutions follow Leviton ef Results. Of the percids examined, only Ammocrypta 
al, (1985). asprella, Ammocrypta clara, and A. pellucida had 

Forty-four species of percids are used for the Spreitzer vertebrac. See Figures 1, 2. 
analysis. Perca flavescens UAMZ 1522 [3C&S], Discussion. Since Spreitzer vertebrae were found 
UAMZ 6705-6711 [7S] P. fluviatilis UAMZ 6962c only for Ammocrypta clara, A. pellucida, and A. 
[1C&S], UAMZ 6962d [1C&S]. Percarina demidoffi asprella, | have concluded Spreitzer vertebrae are a 
UAMZ 6963a [1C&S] UAMZ 6963b [1C&S]. generic character defining the genus Ammocrypta. 
Gymnocephalus_ baloni UAMZ 6930a [1C&S]. Acknowledgements. This work was supported in part 
G. cernuus UAMZ 6789 [1C&S], UAMZ 6790 by a NSERC A9180 grant to Dr. Mark V.H. Wilson, 
[1C&S]. G. schraetser UAMZ 6784 [1C&S] UAMZ University of Alberta, Edmonton. 
6933 [1/3,C&S]. Sander canadensis canadensis References: Bailey, R.M., and Gosline, W.A. 1955. 
UAMZ 6712 [1S], UAMZ 6715 [1S], UAMZ 6992 Variation and systematic significance of vertebral 
[1C&S], VAMZ 6993 [1C&S]. S. lucioperca MNH,a counts in the American fishes of the family Percidae. 
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MOLECULAR PHYLOGENETICS OF ETHEOSTOMATINAE (TELEOSTEI, PERCIDAE): INSIGHTS 
FROM COMBINING CYTOCHROME 6b AND 12S RIBOSOMAL RNA MITOCHONDRIAL DNA 
VARIATION 

Brian L. Sloss, WI Cooperative Fishery Research Unit, Biological Resources Division-USGS, College of Natural 
Resources, University of Wisconsin-Stevens Point, Stevens Point, WI 54481, USA, brian.sloss@uwsp.edu, and Neil 
Billington, Department of Biological and Environmental Sciences, Troy State University, Troy, AL 36082, USA. 

Introduction. Phylogenetic relationships within order to estimate phylogenetic relations. Maximum 
Percidae have long been the topic of debate. Within the parsimony (MP unweighted and weighted) maximum 
family, the vast majority of taxonomic diversity exists likelihood (ML), and Bayesian (BAY) analyses were 
within Etheostomatinae (North American darters). conducted using PAUP*4.0b10 (Swofford 1998) and 
Currently, over 150 species of darters in four genera, MrBayes 2.0] (Huelsenbeck 2000). Details of 
Ammocrypta, Crystallaria, Etheostoma, and Percina, are inference methods are available upon request from the 
recognized. These four taxa represent the only percid authors. ML and BAY model choice was determined 
genera endemic to North America, occurring primarily in using ModelTest 3.06 (Posada and Crandall 1998). 
the central basin and Atlantic coast drainages. Branch confidence was assessed via bootstrap support 

Evolutionary hypotheses among darters have been values (MP and ML) and posterior probabilities (BAY). 
complicated by numerous issues within the subfamily Outgroup taxa included representatives of five 
including morphological and behavioral convergence, additional percid (non-darter) genera (Table 1). 
putative rapid speciation events, and evolution of : : 
complex breeding strategies. Predominate features of Table 1. Percidae species sampled. darter evolution are adaptations associated with | Ammocrypta beani Ammocrypta pellucida 
miniaturization and specialization within the smaller | Crystallaria asprella Etheostoma burri 
stream habitats (Page 1985). The darter genera are | Etheostoma caeruleum Etheostoma asprigene thought to have evolved in response to differing stream Etheostoma tuscumbia — Etheostoma coosae 
environments with Etheostoma occupying more lotic 
portions of stream systems, Percina preferentially found ineostoma oephy lax ineostoma vith, 
in more lentic portions, and Ammocrypta and ecostoma VETCUTA COSTOMG STRUT Crystallaria found in sand substrates within stream | £‘heostoma kennicotti Etheostoma blennioides 
systems (Kuehne and Barbour 1983; Page 1983). Etheostoma rafinesquei _ Etheostoma gracile 

Many questions involving percids center on the | Etheostoma edwini Etheostoma parvipinne 
uneven distribution of diversity within the family. Why | Etheostomachlorosoma Etheostoma stigmaeum are there so many darters compared to all other percids? Etheostoma sagitta Etheostoma variatum 

| Why didn’t small, benthic percids found in Eurasia | Ftheostoma spectabile  Etheostoma punctulatum (Zingel and Romanichthys) experience the same prolific Eth li Eth 
speciation as North American darters? How long did it ineostoma proeliare ineostoma cinereum take the darters to radiate into their present diversity? | E¢#eostoma bellum Etheostoma camurum Many of these questions are hampered by a lack of a__| Etheostoma aqualli Etheostoma rufilineatum 
well-corroborated phylogenetic hypothesis of darter | Percina pPhoxocephala_ ___Percina oxyrhyncha 
evolution. Further, the large diversity within the Percina maculata Percina nigrofasciata subfamily has confounded taxonomic recognition and Percina ouachitae Percina copelandi 
nomenclature. Previous efforts to determine a Percina evides Percina stictogaster 
phylogenetic hypothesis of darter genera and subgenera ; _ ; ; have used morphology, allozymes, reproductive Percina aurantiaca Percina macrocephala 
behavior, and mitochondrial DNA (mtDNA) sequence _| Percina caprodes Gymnocephalus baloni 
data. Our objective was to develop a phylogenetic | Sander canadensis Perca flavescens 
hypothesis of North American darters using DNA | Zingel zingel Romanichthys valsanicola 
sequence data from two mitochondrially encoded genes 
with a focus on generic and subgeneric relations. Results. The combination of cytb and 12S yielded 900 Methods. Forty-one species representing all four variable characters (128:341,  cytb:559) and 639 Etheostomatinae genera and 16 of 17 Etheostoma parsimony informative sites (12S:202, cytb:437). subgenera and all 9 Percina subgenera were sampled Significant saturation was observed in cytb third codon (per Page, 2000; Table 1). Cytochrome b (cytb) and 12S _ transitions. We therefore used weighted MP (third 
tRNA (12S) genes were amplified via the polymerase codon transitions weighted one-tenth all other 
chain reaction, cloned into a TA-vector, and isolated via Substitutions) to account for the apparent saturation. standard plasmid miniprep procedures (details available Phylogenetic relations among North American darter upon request from authors). Cloned DNA was taxa sampled in this study are shown in Figure 1. ML, 
sequenced using commercially available sequencing kits | weighted MP, and BAY reported similar topologies but 
and *°S-dATP. Autoradiographs were scored manually, differing levels of nodal support. Numerous stable aligned using ClustalX, and adjusted based on amino relationships were consistently resolved and supported. 
acid translation (cytb) or an inferred percid secondary  Etheostomatinae is monophyletic with high support structure (12S). values but genus-level relations are ambiguous as 

Molecular dynamics of each gene were analyzed in shown by the lack of nodal support. 
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100— E. burri questions of monophyly/validity for each of the four 

100 ” Ecucruleum' proposed genera of darters. In terms of genus validity, 
E. tuscumbia the only non-resolved issue centers on Etheostoma; 

E. oophylax particularly in regards to the phylogenetic affinity of 
100 F heme, min Nothonotus. Song et al. (1998) failed to resolve a 

100 7 E nigra monophyletic Etheostoma using cytb with E. cinereum 

ne. blennioides and E. (Nothonotus) camurum resolving outside a clade 
100 Fn ale of seven Etheostoma species. Likewise, the mtDNA 

yr E. edwini dataset herein failed to resolve Nothonotus within a 

100 5: parvipinne a monophyletic Erheostoma despite increased taxonomic 

oot" 100 E vapitta stigmacum sampling and number of variable characters over that of 

90 E.variatum bil Song et al. (1998). The lack of support and relative 

E punctulatum branch lengths on all intervening nodes suggests rate 

E cjmuroum E. proeliare variation and/or lineage sorting of the mtDNA locus 

ol P. phoxocephala could account for this pattern. Future investigations 
| Fe oxyrhyncha attempting to elucidate the phylogenetic placement of 

P. sticlogasier Nothonotus are needed. 

GP. ouachitae Phylogenetic relations among the darter species 

Sony Fi copelandi included in this study were consistent with the previous 
00 Paurantiaca | mtDNA studies of Turner (1997) and Near (2002). The 

. | P. caprodes ° recovery of stable darter relationships are undoubtedly 

94 Or Fella complicated by the large diversity within 
ae Eaquali  seatum Etheostomatinae, highly divergent rates of molecular 

100 A. beani and morphological evolution, and a rapid evolutionary 

ar enn radiation of darter species. 
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62 — S. canadensis by SIUC-ORDA funding and the Fisheries and Illinois 

Oe on navescens Aquaculture Center-SIUC. Samples were provided by 7 

01 Substitutions/site Kop Wood (SLU), Michael Hardman (UIUC), Bernie 

Figure 1. Maximum likelihood recovered phylogram Kuhajda (UAIC), Kate Shaw (UK), Petr Rab (Czech 

with ML bootstrap values. (+) indicates nodes with Republic). and Ed nels See) Comins an carter 

bigner Supper Cin *) in weighted parsimony and (~) Franckowiak We appreciate the assistance and 

indicates nodes with lower support. guidance of Brooks Burr throughout this research. 

In the present study, a well-resolved Nothonotus References. Huelsenbeck, J.P. 2000. MrBayes: 

failed to resolve with other Etheostoma taxa rendering Bayesian inference of phylogeny. Distributed by author. 

the genus, as currently constructed, paraphyletic. All Department of Biology Oo een O83 Th 
remaining Etheostoma taxa formed a well-supported, , ue % tors U _ NN: r Ken ? © 

monophyletic clade with E. cinereum basal within the \ exiagtor RY ers. University of Kentucky Press, 
clade. The two remaining polytypic genera, Percina and ae TJ. 2002. Phylogenetic relationships of 

monophe etic with high support. y Reso’ aS Percina (Percidae:Etheostomatinae). Copeia 2002:1-14. 

Several intrageneric Etheostoma relationships were Page, L.M. 1983. Handbook of Darters. T.F.H. 
consistently resolved including a partial Oligocephalus Pao eins toes Evo lution of reproductive 

clade of ((E. burri, E. caeruleum) E. asprigene)). The ne er ; 

other Oligocephalus species (E. spectabile) consistently behaviors in percid fishes. Illinois Natural History 
resolved as part of a highly supported three-taxon clade ae EM sO. Theos tomatinae. In “Percid 
with E. punctulatum and E. proeliare. The Catanotus , BO , eS 

species E. smithi (E. virgatum group) and E. kennicotti cites: Bas eee BY ; and expiontation, w a 

(E. flabellare group) were consistently recovered as raig, Ed.), pp. “£02, Blackwell science, LIXIord, 

sister taxa. However, the third included Catanotus UK. 
member (E. oophylax; E. squamiceps group) failed to MOD erst: ti and is on _ 1998. 
resolve with the other members of the subgenus but with 7... > Is testing the mode! o substitution. 
low intervening nodal support. Etheostoma cinereum BO CB, Ta. ae and L.M. Page. 1998 

consistently species ed basal to all non-Nothonotus Phylogenetic relations among percid fishes as inferred 

The Percina subgenus Swainia (P. phoxocephala from mitochondrial cytochrome b DNA sequence data. 

and P. oxyrhyncha) was resolved and supported in all Molen es ane mere ae 53. 
analyses. Consistent with the findings of Near (2002), a Anal wo U: Parsi "(rand Oth endey 

monophyletic Alvordius (P. maculata and P. Sinaner ‘Assocint es arsimony M. A er Methods). 
macr h as nev . ? ae ‘, . 

Oheeveton the combination or cytb and 12S data Turner, T.F. 1997. Mitochondrial control region 
appeared to be informative in addressing several Sequences and phylogenetic systematics of darters 
phylogenetic issues within Etheostomatinae including (Teleostei:Percidae). Copeia 1997:319-338. 
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WALLEYE (Séaizostedion vitreum) IN BRITISH COLUMBIA: AN EXAMPLE OF HIGH PRODUCTION IN 
AN INVERTEBRATE-BASED PREY SYSTEM IN THE PEACE REGION 

D. A. (Nick) Baccante. Ministry of Water, Land and Air Protection, 10003 — 110" Ave. Room 400, Fort St. John, 

B.C., VIJ 6M7, nick.baccante@gems2.gov.bc.ca and N.E. (Ted) Down, Ministry of Water, Land and Air 
Protection, 4th Floor 2975 Jutland Rd., V8T 5J9 Victoria, B.C. 

Introduction. Walleye populations in British strong year classes on yield, we calculated an effort- 
Columbia (B.C.) represent the western-most limits of year class index. This index is calculated by 
the distribution for this species (Scott and Crossman, multiplying the standardized effort (setting the 
1973). Walleye are only native to north-eastern BC highest value to 1) by the mean age of the catch. 
within the Peace and Liard river systems, and Fecundity and maturity data came mostly from 

represent a relatively small component of the diverse winter creel surveys, with additional data from creel 
provincial fish fauna. Recently, walleye stocked into and index sampling. Although there was sufficient 
Lake Roosevelt, Washington, invaded BC waters via data to estimate fecundity, estimates of maturity rates 
the Columbia and Kettle Rivers (MacPhail and and mean age to maturity are less reliable because of 
Carveth, 1992). small sample sizes by age and sex. 

The majority of walleye populations in B.C. are Data on food and prey of walleye came from all 
found in rivers of the Peace and Liard watersheds. sampling methods, during the period of 1984 to 1992. 
The only native lacustrine populations in B.C. are Stomach contents were analyzed and reported by 

found in Maxhamish and Klua lakes (Hopcraft 1993). general prey group. Here we report the proportion of 
Walleye have been successfully stocked in Charlie, the sample with various prey items. 
and Swan lakes, and unsuccessfully into North Results. Longevity of walleye in Charlie Lake is 
Cameron lake. consistent with other populations, 15 to 20 years, 

This paper, having provided an overview of the however, they do exhibit lower growth rates, early 
limited walleye distribution in BC, will focus on stunting and smaller asymptotic size than what is 
Charlie Lake. In addition to having the most walleye commonly reported 1n the literature (Figure 1). 
data available, Charlie Lake is an interesting and | 30 —— 

unique system. Located 8 kilometres north of Fort St. | 37°N : 
John, B.C., along the Alaska Highway, it has an : _ | Claytor Res. (VA) Linc=81.4 : 

unconventional fish stocking history, extremely high | § 60. A aN ! 
nutrient loads, atypical prey composition and a l€ Sagmaw Bay (MI) Tint=63.8 | 
variety of anthropogenic stressors. Despite these | § 40° | 
conditions, Charlie Lake is an extremely productive 5 BBN Charlie Lake (BC) Lint=42.6 
walleye system, and it supports angling yields and | S 20 | 
recreational hours which surpass many others from | : 
more southern locales with typical fish communities. | 0 , = 
Methods. Data for the Peace Region overview came | 0 5 10 15 
mostly from syntheses by Hopcraft (1993) and | Age (years) 

Woods Env. Cons. (2003). Information on Charlie [ae 
Lake walleye came from a number of internal reports Figure 1. Growth rates of Charlie Lake walleye 
and raw data files spanning the time period between compared to other, faster-growing populations. 
1984 and 1997. During this time period there were 8 (Colby et. al. 1979). Asymptotic size and latitude also 

creel, 5 index and 3 seine net surveys, plus various shown. 

other minor sampling events. Creel data was 

collected from stratified, access point surveys mostly Angling yields and catch rates for walleye in 
between May and September, and 2 winter surveys. Charlie Lake are high, by any standard. Over a period 
Gill nets were used for intensive index surveys. Ten of 6 years, CUE and yield estimates averaged 0.9 
sites were chosen, representing a diversity of habitats fish/hour and 5.5 kg/ha/yr, respectively (Figure 2). 
in Charlie Lake. Standard gillnets 2.4 x 91.4 m. with The effort-year class index appears to correlate well 
6 panels ranging from 25.4 to 76.2 mm. mesh size with fluctuations in yield estimates (Figure 2). 
were used. Seining was done at 5 sites with 1.2 x 7.6 Estimates of effort average 20 rod-hours/ha annually, 
m. nets, with 6.4 mm. mesh. Age and length data was well above the value of 10, which has been reported 

collected for all fish that were sampled. by Baccante and Colby (1991) as the point at which 
Creel data provided estimates of catch, effort and fishing quality declines significantly in less 

yield. To show the combined effect of effort and productive lakes of northern Ontario. 
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12 - 12 Discussion. Walleye, and a number of other fish 

; species, were introduced in Charlie Lake during the 

2 CUE late 1950’s, and have since naturalized. Despite the 

2 31] 08 = lack of suitable fish prey, the population has 

2 = & flourished, as adult walleye in this lake have 

3 ee / exe pq Yield | a efficiently adapted to utilizing planktonic and benthic 

me eS |) om (|e...B ee invertebrates, both abundant in this very eutrophic 

oo oe ee ee ey Lower growth rates and smaller asymptotic sizes 

1984 1985 1986 1987 1988 1992 are likely due to the relative lack of fish prey in the 

Year of Survey walleye’s diet. Kelso (1972) reported assimilation 

Figure 2. Annual angling yield(kg/ha), catch-per-unit efficiencies (ratio of weight of food assimilated to 

effort (fish/hr) and effort-year class index (no units, weight of food ingested) significantly lower for 

same scale as yield) for Charlie Lake walleye, for the invertebrates than fish prey. 
period 1984 to 1992. - Charlie Lake supports angling yields and catch 

rates which consistently exceed expectations based 

Stomach content analysis for a sample of 2187 on estimates from current models. This raises an 

walleye, indicates that, other than empty stomachs, interesting question: can planktivorous and 

non-fish prey makes up the greatest percentage of benthivorous walleye populations support higher 

occurrence in the sample (Figure 3). The high yields than piscivorous ones? 

proportion of empty stomachs could also likely be Acknowledgements. We like to thank the numerous 

due to faster digestion and evacuation rates for people who have contributed to this synthesis through 
invertebrate food items, as opposed to fish prey. their efforts in the field and data analysis. In 

10 TT particular Ted Euchner and Jay Hammond, former 

| BC Government employees, without whom, most of 
017 this valuable data would not exist. 
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QUANTITATIVE ASPECTS OF PERCIDS ECOLOGY: AN OVERVIEW OF RUSSIAN STUDIES. 

Alexander Bobyrev, Institute of Ecology and Evolution, Russian Academy of Sciences, Leninsky Pr. 33, Moscow 
119071, Russia, abobyrev@mail.ru. | 

Introduction. Among percid fishes inhabiting inland age-group 3+ is extremely high. Menshutkin & Zha- 
water bodies of the former USSR three species are kov (1964) have surmised that such a peculiar age 
the most abundant and widespread — zander Sander distribution could not be stationary and designed a 
lucioperca, European perch Perca fluviatilis, and mathematical model that explains the phenomenon. It 
ruffe Gymnocephalus cernuus. In Russian scientific is based on data obtained in Lake Tulenye (Karelia) 
publications one can find a great amount of data on by direct counting of perch stock exterminated by 
their biology and life history. However, there is a applying chemical poison and assumes cannibalism 
surprising lack of studies directed to the data synthe- to be a principal feedback mechanism in perch popu- 
sis and interpretation from the general ecological lation dynamics. The population trajectory in the 
positions. Such studies are needed for better under- phase space is represented by stable limit cycle with 
standing of how complex biological systems like the period about 6-8 years. Within the cycle the tran- 

populations and communities function. Below, I give sition in age distribution occurs, from typical expo- 
a brief review of Russian key works in the field of nentially declining one at low population density to 
percids population dynamics and their role and place ‘ bimodal at high density and back again to exponen- 
in freshwater ecosystems. tial. Recruitment is shown to be dependent on plank- 
Percids population dynamics. Perhaps, the most tonic food availability. The latter circumstance im- 
comprehensive model of zander population dynamics parts great importance to the problem of fry mortality 
among Russian studies is that developed by Kazan- sources. Since there can be two of them (cannibalism 
sky & Koval (1980). It takes into account a variety of and starvation), Menshutkin (1971) used another 
factors including environmental conditions, trophic simulation model to examine their relative signifi- 
interactions, and fishery operations. The model is cance. The model is size-structured and is built on 

: intended for zander fishery optimization in Tsym- data from Lake Razdelnoye which is populated by 
lansk Reservoir with an emphasis on predator-prey perch only. It couples the dynamics of perch 0-group 
interactions between zander and blue bream, Abramis and zooplankton. The simulations demonstrate that at 
ballerus. The model uses energy units as a currency high density perch fry can deplete their food resource 
and traces the consumption of blue bream by zander inducing their own mortality due to starvation. After 
via weight-at-age description of food requirements. It the radical drop in numbers of perch 0-group, zoo- 
is assumed that zander are able to feed on other prey plankton population recovers. So, food availability 
as well, among them sprat, gobies, yearlings of dif- appears to be the crucial factor of recruitment forma- 
ferent fish species, and benthos, although their bio- tion. 
mass is not subdivided into age-groups and given Population dynamics of ruffe attracts much 
instead as lump quantities. Simulation experiments lesser attention because of its low commercial value. 
indicate that inter-annual fluctuations of the zander Published studies deal mainly with particular aspects 
stock size are caused primarily by changes in re- of ruffe life history such as growth, longevity, or 
cruitment abundance. The recruitment itself is shown feeding habits. Data on ruffe stock status or potential 
to depend on water temperature and water level in for commercial exploitation are limited by catch sta- 
May and on drainage area. Kazansky & Koval found tistics or fragmentary information on some popula- 
out that the largest part of zander annual production tion parameters. A rare exclusion is the study by 
(86%) is formed due to consumption of small non- Ruzhin & Pavlova (1990) who attempted to use 
commercial fishes, mainly sprat and gobies. Trophic multivariable correlation and regression analyses for 
interactions with other commercial fish species do predicting percid catches in two water bodies. They 
not have a significant influence on the dynamics of assumed that, because of diversified relations within 
zander population. a fish community, the catch of the certain species can 

While studies on population dynamics of zander be predicted using information on other species 
are motivated mainly by its commercial value, the catches, and found out that ruffe catches in Gulf of 
interest in dynamics of perch populations stems from Finland positively correlate with lamprey catches 
its ecological features. Among them two are of great while those in the Ladoga negatively correlate with 
importance. The first is perch ability to occupy dif- bream catches. Abiotic factors affecting ruffe catches 
ferent feeding niches consuming plankton, benthos, appear to be water temperature in May (for Lake La- 
or being a predator. The second is its indifference to doga) and water discharges in May and June (for 
spawning substrate, which makes spawning highly Gulf of Finland). The weak point of the study is a 
efficient. As a result, perch can be found practically postulate of catch statistics to be an adequate reflec- 
in all boreal water bodies, except anoxic lakes. In tion of stock size, which may not always be true. 
many small lakes perch form a single-species fish Role of percids in aquatic communities and eco- 
community, where different size classes function as systems succession and functioning. Attempts to 
its different elements. comprehend the functions of percids on a systemic 

In single-species perch communities an unusual basis are not many in Russian scientific literature. 
age composition is sometimes observed — age-group Zhakov (1984) compared the fish species composi- 
1+ 1s almost absent while the relative abundance of tion in 248 lakes in the Vologda Region (northwest- 
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ern Russia). He pointed out that the most frequent are mpacted group 

lakes with single-species and five-species fish com- 3 wore = 

munity. Moreover, among the latter ones the majority & 
(66%) contains the same species, namely perch, pike, ~ i _ 

roach, burbot, and ruffe. Perch is highly adaptive a © ae 

species that can occupy any one of the three niches, os & | se 

feeding on plankton, benthos or fish. The regulatory Bp 
role, which is executed by cannibalism in single- So 2s om 
species perch communities, is transferred in five- 2 9 3 | J = 

species ones to pike and burbot. These predators have —& 5 — 7 ~ 

different seasonal cycle of activity and spawning sub- ee RS ee 

strate requirements, thus being well co-adapted. 35 ee ee gg 

Roach, feeding primarily on detritus, periphyton and < oe = 5 g g 

macrophytes, finds its own niche and avoids compe- BE 2 8 22%22 
tition with other species. Finally, ruffe consumes a “2, 833 82 2882 5 
broad spectrum of benthic organisms and so is able to B2ESzt2t Zh e2ES LBS 
live in lakes with scarcely developed benthic fauna. Fi 1. Percid fishes i th | f 

The species mentioned form the dominant component Like S . Percid fishes Impact on the components o 
of fish communities in boreal lakes. Broadening of e Syam community. 
species composition is related mainly with water ; , 

bodies increase in area and in more intensive hydro- | fe ie analysis shows that among percid fishes 
dynamics. As a result, diverse biotopes emerge which ruffe is the only species that influences negatively 
might be inhabited by fishes with more narrow eco- almost all other fishes. Predators (adult perch and 

. logical preferences (Zhakov 1984). zander) play an important role restraining the popu- 

Using these data as a starting point, Zhakov lation growth of smelt, the species that invaded the 

(1984) developed an age-structured simulation model lake in late 1960s and now forms about 60% of total 
of a community composed of 7 fish species (perch, fish biomass. That leads to their positive influence on 

pike, crucian carp, burbot, roach, bream, and ruffe). the populations of whitefish and vendace, the most 
Different sets of the model parameters correspond to valuable lusion from the neues point of scults 
different trophic statuses of a lake. As the simulation is conclusion corresponds well with the results 
results show, the succession process is accompanied obtained by Ladanov (1990) who constructed a mat- 
by distinct changes in the community structure. When ter flow model for the fish community of Lake Be- 
the lake becomes eutrophic, fish productivity in- loye (the Vologda Region). In his model the presence 

creases approximately 1.5 times, mainly through the of predators (pike and zander) turns out to be a bene- 
increase in roach and crucian carp biomass. At the ficial factor for the bream population due to suppres- 
later stages of the succession some species start to sion of its competitors for food, first of all ruffe. 
disappear from the community, first of them burbot References (all in Russian). Kazansky, A., and V. 

and bream. In acidified environment what remains of Koval. 1980. A mathematical model of zander popu- 
the community is only perch and roach. lation from Tsymlansk Reservoir. Transactions of 

Complex nature of trophic relationships becomes GosNIORKh 152: 76-89. 
even more evident when the impact of fishing is in- Kriksunov, E., T. Kuga, V. Burmensky, and A. 

troduced into the model. For example, imposing Bobyrev. 2001. A balance model of the mesotrophic 

strong fishing pressure on predators as a measure of lake ecosystem. Pages 16-18 in Proc. 8 Symposium 
fish productivity enhancement actually brings about of the Hydrobiological Society of RAS, Kaliningrad, 
an opposite result — the share of commercially valu- 16-23 Sept. 2001, Vol. 1. Kaliningrad. . 
able bream in the catches is diminished while the Ladanov, Yu. 1990. Investigation of the ichthyo- 
bulk of the catch (70%) turns out to be comprised by cenosis of Lake Beloye (the Vologda Region) using 
roach and perch. eaere g methods. Transactions of GosNIORKh 

One of the water bodies where system-oriented nin irrEr . , 

investigations seem to proceed fairly enough is Lake Menshutkin, V. 1971. Mathematical Modeling of 
Syam (Karelia). Ecological processes in the lake have Aquatic Animals Populations and Communities. 
been monitored for 60 years by now, and the data Leningrad Branch of Nauka Press, Leningrad. 
collected have allowed to clarify many questions . Menshuain. V., and L. Zhakov. 1964. An expe- 
concerning the ecosystem succession, changes in rience of mathematical determination of perch popu- : 
aquatic community structure, and fisheries optimiza- lation dynamics pattern under given ecological con- 
tion. Recently, Kriksunov et al. (2001) designed a ditions. Pages 140-155 in I. 1. Nikolaev and E. A. 
steady-state trophic model of the lake ecosystem us- Popov (eds.) Lakes of Karelian Isthmus. Nauka Press, 
ing ECOPATH IV software. The model takes into Moscow Fenmgrac. ' _ 
account trophic relationships between 17 groups of Ruzhin, S., and E. Pavlova. 1990. Eco-statistical 
organisms. One of the model outputs is a matrix of prediction of fish catches in Gulf of Finland and Lake 

impact coefficients which are the measure of influ- Ladoga. Transactions of GosNIORKh 316: 92-100. 

ence exerted by each trophic group on biomass of Zhakov, L. 1984. Formation and structure of fish 
other groups (Fig. 1). communities in lakes of the USSR North-West. 

Nauka Press, Moscow. 
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PERCIDS AS INVADERS IN RUSSIA: A REVIEW 

Yury Yu.Dgebuadze, Severtsov Institute of Ecology & Evolution, Russian Academy of Sciences, 33 Leninsky 
Prospekt, Moscow 119071, RUSSIA, dgebuadze @sevin.ru 

Introduction. Fresh waters of Russia are inhabited by ss Re ee, TERS IR Ge 
| four percid fishes. Two of them are commercially oe Ae Y Phd sey SPOS 8 op, 

As a result of intentional introductions, channel and | AY Sk dig oie 01 dam construction, overfishing and other kinds of BE A GA Ws 
human activities, ranges of percid species altered. The a ye ee . \. 5 

main goals of this review were to update ranges of Wee ee Be ae 

percids in Russia and adjacent countries, to describe ee ee ear 

invasions. ee eee 
Methods. This review is based on the database of Figure 2. Geographical distribution of the perch 
about 80 Russian invasive fishes including all (Perca fluviatilis) in the former USSR. Denotations as 
available published data since 1763 and unpublished in Figure 1. 
materials on intentional introductions from many new populations and expanded their ranges to 
correspondent institutions. Field observations of fish the east of Russia (Figures 1,2). Consequences of the 

| distribution and assemblages composition in Karelia, invasion of perch for ecosystems and fishery are 
‘and the Volga River basin were also used. Status of usually insignificant or unknown. 
reservoir and lake populations of percids was 
estimated on the basis of long-term studies of down- ( - 
stream fish migrations carried out in the Severtsov ml Te 
Institute of Ecology and Evolution headed by § L 
D.S.Pavlov (see Pavlov et al., 1999). 3 1 ae 

Results. The natural ranges of four percid species : 1, {ef 
widening and invading new waters within their ranges : Tana | 
during the last 50 years were analyzed. mee z ’ Vy A? ay Ye? 

PES ee f FLL, i \ SEN Bee. PROVINCES Fj 3 
Cases BOX coy PS \\ ee 0 , , , re eS Laxey ff a2 \ BR Results of pikeperch introduction to different ee Pree hi inces: 1 — Baltic, 2 — Ponto- I EE agai VE EI Ne ZOoBroBraphic provinces: pallic, onto 

COL A PTA ee Well documented intentional introductions of Regen Pe ES pikeperch within the limits of its natural range Kk Wee | | ay demonstrated negative results in the Baltic and Ponto- Figure 1. Geographical distribution of the pikeperch Caspian provinces (Figure 3). At the same time, 
(Stizostedion lucioperca) in the former USSR. Grey pikeperch introduction to the Amur province with area shows the natural range; striped area, the extremely rich fish fauna (more than 120 species) was 
invasive range; black spots, sites of introduction. — successful. ae . 

There are two different patterns of percids’ The Situation with introduced _ pikeperch 
imvasions in the fresh waters of Russia and adjacent populations 1S variable because of fishery and other 
countries. Pikeperch (S. lucioperca) and perch (Perca kinds of human activities. In some new sites 

: fluviatilis) were intentionally introduced, and then pikeperch forms an important part of total fish 
spontaneously spreading to new water bodies. Range production. For example, in Vozhe Lake (White Sea 
expansions of Ruffe (Gymnocephalus cernuus) and basin) pikeperch naturalized and became an important 
Volga pikeperch (Stizostedion volgense) were component of the lake ecosystem, no strong 
connected with accidental introductions. competition with aboriginal species was observed The invasions of the first type were usually (Bolotova et al.,1995). However, in some places (in 
successful. Both pikeperch and perch established Balkhash province, for instance) pikeperch suppresses 

aboriginal species including rare and endangered 
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endemic fishes like Schizothorax argentatus, Perca lakes), and does not depend on aboriginal fish fauna 

schrenki and Asiatic stone loaches. The main limiting richness. - Se a 
factor of pikeperch populations in reservoirs is mass Re OA EE ae eee gem OOo AD eed? 
kill of young fish during down-stream migration. In VES A, f Peg. Bie, A, 
some reservoirs it exceeds several billion individuals OA peor or 8 ee oe ae 

LAA Core Pre fF htt YS wee 
a year. NO ane ee 
NT ee UE AAR Se ree oe. SY ae 
oo ono mi RL LEY WANN NS ed wk AL et Tih ee ae 
LR ee TE ARN ee i ea eae ONS 
cs ee wer pte St ana Fo Pye del \. v oN as Bu Pty ots “us PU a S| Ea RE a eg EES CUS ‘ 
fees So Tees atm mor 4 xe tS ose. | ae Gee : CC \. ‘ 

. ee woke hii oleate Hf ON Pee ee y | 
pe UN ie ee ee TR Ly be a 
fs Ne NA fe Sh ae es BP Ae Pe A | we 

OM he sy SOAS ob fog awe ce pebye t ee 
ay rr eS x ~~ ee |. =  #=ee: 
“SSP Ce ee Dw OR 
ENO Ng EGE Cn ir ces ERROR NY TN UR eee eae SE ia oS oy ee EE CSE Beene ee, ae 

AST i RE i SONOMA Lee, Se 
Me : a ee Figure 5. Geographical distribution of the Volga | 
dy FTN eres hk rr A . ° . . 
Qe NA (Se ea as pikeperch (Stizostedion volgense) in the former. 
ee EL . 
i er gp USSR. Grey area shows the natural range; striped 

eee ce FETE : : ee area, the invasive range. 
Figure 4. Geographical distribution of the ruffe The 4 nae of established rids 
(Gymnocephalus cernuus) within the former USSR. pe 
Grey area shows the natural range; solid line shows populations involves balanced fishery and water flow 

9 . . . * 

regulation in reservoirs. More research is needed to 
the former range after L.Berg (1949). lucidat ids’ i . ‘ , 

Recent status and trends with ruffe and Volga coe ems s Mvasions impacts on native 
pikeperch populations may be connected with climate y 
change and h activities Acknowledgements. The study was supported by the 

It seems that the larger present range of ruffe as Russian Foundation for Basic Research (projects 03- 
; 04-49147 and 03-04-48329). I am indebted to Dr. 

compared to the range given more than 50 years ago ) , 
by Berg (1949) is not only the result of better and V.Yu.Maslyakov (Inst. of Quarantine, Russia) for his 

; help with database. I also thank Dr. V.N.Mikheev 
more numerous recent records. The ruffe widely P ; 
spread in Western Europe and penetrated to American (Severtsov Inst. of Ecology and Evolution, Russian 

oe Ac. Sci.). and Dr. S.S.Alekseyev (Koltsov Inst. of 
Great Lakes. In Siberian waters the increase of ruffe ) . ey ( . 
abundance was observed during the last decade Developmental Biology, Russian Ac. Sci.) for helpful 
Probably, ruffe expansion to the East was due to comments, including language improvements. 

? 

natural factors. Ruffe have a variety of traits, which References. Berg L. 1949. Freshwater fishes of the 
" : USSR and adjacent countries. Part 3. Moscow- 

allow them to perform successfully in a broad variety Leninerad: Izd Non d. Nauk SSSR: 927-1382 

of ecological situations and to adapt to fluctuations in Bolo tova N L 0 V Zu anov YeA Zu anov 

both biotic and abiotic factors (Popova, et al.,1998). S.V Shi 995 ye NY auyal ° ely , 
On the opposite, in many water bodies of the western .V.Shitova. 1995. Acclimatization of the pike-perch, 

part of Russia ruffe abundance declines now Stizostedion lucioperca, and its inclusion in the 
$ . . . 

; system of feeding relations in the Lake Vozhe. 
probably due to low oxygen _ concentration, problems of Ichth e logy. 35 (3): 374-387 

eutrophication and pollution (Lehtonen et al., 1998). YOUOBY: " _ 
Lehtonen H., L.Urho,  J.Kjellman.1998. 

Volga pikeperch abundance decreases because of 

dam constructions in the greater part of the natural Responses of ruffe (Gymnocephalus cernuus (L.)) 
range (Volga River) and increases in the site of abundance to eutrophication. J. Great Lakes Res. 24 

. ; ; 2): 285-292 
invasion (Kuban’ River) (Figure 5). (2): " ; ; 

ee 7 As _, Pavlov D.S., A.LLupandin, V.V.Kostin. 1999. 
Discussion. This review demonstrates significant Fish down-stream mieration through the dams of 

expansion of percids within Russia and adjacent ‘cal met é 
countries during the last 50 years. The main reasons electrical power stations. Moscow: Nauka: 1-255. 

a ; ; - ; Popova O.A., Yu.S.Reshetnikov, V.I.Ki 
of percids invasions were intentional and accidental Yu Vu eo dae V me nn mes as 0» 

—- . -Yu. .N.Mikheev. , m 
introductions and anthropogenic impact on aboriginal f E ye wa. 
ecosystems. Invasive percids can either destroy the former USSR: variability within the largest part of 

- 4: its natural range. J. Great Lakes Res. 24 (2): 263-284. 
aboriginal fish assemblages or stabilize the whole é t es. 24 (2): 263-284 
ecosystem. Vulnerability of the communities to 

percids’ invasions depends on the presence of vacant 
nishes, rate of disturbance of aboriginal ecosystems, : 

human impact on invaders (especially in man-made



SIZE-DEPENDENT PREDATION ON JUVENILE FISH BY PERCH AND PIKEPERCH IN 
RELATION TO PREY FISH AVAILABILITY 

H. Dorner, T. Mehner, and T. Schulze, Department Biology and Ecology of Fishes, Leibniz-Institute of 
Freshwater Ecology and Inland Fisheries, P.O.Box 850 119, 12561 Berlin, Germany, doerner@igb-berlin.de, 
and J. Benndorf, S. Hiilsmann, U. Kahl, H. Schultz, and A. Wagner, Institute of Hydrobiology, Dresden 
University of Technology, 01062 Dresden, Germany. 

Introduction. Together with one or two other fish average on larger prey fishes than perch, with the 
species perch Perca fluviatilis L. and pikeperch exception of pikeperch of all sizes fed strongly on 
Sander lucioperca (L.) constitute the piscivorous age-O perch (Figure 1 a). The proportion of age-0 
fish community in many European temperate lakes. fishes within the fish community as estimated from 
Both species can be very important in controlling the total catch (abundance) from all gillnets and 
the juvenile fish abundance (Dérner et al., 1999) year-class strengths of age-1 roach and perch 
and thus play a vital role in structuring the fish varied in the 3 years investigated (Table 1). 
community. The present study focuses on predator- 
prey relationships between perch, pikeperch and a) Pouhaspey nv bos Tree Prom 
four prey fish species, namely perch, pikeperch, 2007 clgnifcantinear regret sion P<0.01 
ruffe Gymnocephalus cernuus (L.) and roach 150 | wasdetected. 
Rutilus rutilus (L.). Data were obtained from the oe 
long-term biomanipulated Bautzen Reservoir, 00 fee . 4. 
Germany. The present paper focuses on the 504 =r? 5 eh: _—— 
relationship between predator and prey lengths. 0 _ 
Methods. Bautzen Reservoir (51° 13' N; 14° 27" B 200 4 { Pikepereh as prey n= 189, 1° = 0.08 
is situated c. 70 km north east of Dresden, n= 225, = 0.05 reso 
Germany. The reservoir receives high phosphorus 1504 <0" 
loading from the inflow (c. 3.5 g TP nf surface 100 . 
area year’ in 1997). Biomanipulation of the 50 aR 
reservoir started in 1977 (Benndorf ef al., 1988). _ i 
The enhancement of the piscivorous fish stock by E ° (c) Rutfe as prey n= 157, 12=004 
stocking in combination with catch restrictions, led ~ 200 n= 256, 2 =003 P=001 
to a top-down control of the food web. & 1504 P<0.01 
Consequently, the proportion of piscivores in the 100 
total adult fish biomass increased. The fish stock is 
not dominated by cyprinids, but by percids. Age-0 50 SINT =a 
perch is the dominating planktivore. 0 

Fish were sampled regularly in 1995, 1997 and 200 4 ( Roach as prey pe 59.7 oon 
1998 using gillnet series (6-100 mm mesh size, 2-4 150 4 pe Oar = 020 
h, deep and shallow areas, April-Nov., all years), | . we 
trawls (predatory fish: 10 mm mesh size, 3 hauls 100 ae we 
per area, sampling speed 1.2 m s’; age-O fish: 4 sof ae" 
mm mesh size, 2 hauls per area, sampling speed 1.4 a 
m s'; May-Aug. 1997/98) and beach seine (May- ° 0 200 400 600 800 200 400 600 a00 
Aug. 1997/98). Fish were killed immediately after Pikeperch L, (mm) Perch L, (mm) 
capture and measured for total length €y) to the Figure 1. Linear regressions and 95% CI between 
nearest | mm. Stomach contents were analysed by predator and prey Ly. The slopes of the regressions 
counting and measuring prey fishes under binocular were significantly different (ANCOVA, (b): F 4 303 
and compound microscope. = 6.20, P=0.01; (c): F 14,107 = 19.41, P<0.01; (d): F 
Results. Predatory perch age=1 year ranged from 5,410 = 4.78, P=0.03). Data for perch [(a), (b) and 
77 to 368 mm Ly and pikeperch from 70 to 776 Ly (d)} were taken from Dorner & Wagner (2003). 
(Figure 1). Perch prey fish ranged from 12 to 114 
mm Lr for perch, 17 to 135 mm for pikeperch, 17 Discussion. In the present study, size-dependent 
to 125 mm Ly for ruffe and 20 to 118 mm for relationships between perch, pikeperch and their 
roach. Pikeperch prey fish ranged from 18 to 202 prey fish species in the Bautzen Reservoir were 
mm Ly for perch, 24 to 220 mm for pikeperch, 12 observed. The average prey Ly of all prey species 
to 165 mm for ruffe and 31 to 215 mm for roach. increased with increasing predator size. But the 

Generally, mean prey Ly of all prey species increase in average sizes of perch, pikeperch and 
increased during ontogeny and predator Ly and ruffe as prey was less than that of roach. This may 
mean Ly of prey fishes were positively and linearly be due to three factors: food supply (e.g. the 
related (Figure 1). Similarly-sized pikeperch fed in densities, size distribution and habitat use of 
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different prey species), gape morphology and size- controlled by predation. The minimum sizes of 

selective feeding of perch and pikeperch. roach captured by perch and pikeperch were 19 and 

Summarizing all three years investigated, the 31 mm Ly, also rather low, thus indicating a 

age-0 fish abundance was dominated by perch potential for controlling the age-0 roach cohorts by 

followed by pikeperch, roach and ruffe. Mean sizes predation. The relatively strong age-0 roach cohort 
of perch prey fishes observed in this study agree in 1998 (Table 1), however, was not reflected in the 

well with the mean prey sizes of perch and size distribution of roach captured by the perch and 

pikeperch reviewed by Mittelbach & Persson pikeperch. In contrast to age-0 perch and pikeperch 

(1998). The authors stated that the fact that as prey, no species- or size-selective predation on 

piscivorous perch, on average, capture smaller prey roach was detected (Démer, 2002). This was 

than other piscivore species such as pikeperch primarily due to spatial separation of the age-0 
appears not to be due to size-specific differences in cohorts of roach and predatory percids. Generally, 
feeding capacity, but rather to differences in the age-0 roach predominantly use the littoral zones of 

average sizes achieved by the different piscivores lakes (Persson et al., 2000) and, therefore, age-1 

in nature. Since mean prey size for pikeperch was year perch predomnantly inhabiting the littoral 
significantly bigger than for perch, even though zones have been described as the most important 

similar-sized pikeperch had smaller gape width (H. predators of age-0 roach in the Bautzen Reservoir 
D6rner et al., in prep.), a new factor, namely (Démer, 2002). After leaving the littoral zones at 

differences in feeding capacity related to existence age-1, the importance of roach as prey for large 

or non-existence of tusks, could explain the feeding (>400 mm Ly) pikeperch increased, whereas the 

patterns observed in the present study. importance as prey resource for perch decreased. 
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PERSISTENCE OF UPPER GREAT LAKES WALLEYE (Sander vitreus) POPULATIONS IN RELATION 
TO RIVER FLOW 

Randy L. Eshenroder, Great Lakes Fishery Commission, 2100 Commonwealth Blvd., Suite 100, Ann Arbor, MI 
48105,USA, randye@glfc.org. 

Introduction. The largest walleye populations in the Mean daily flows for each river were compiled 
Great Lakes spawned in more than one location and for the period of record for the entire month of June 
inhabited large, warm, shallow environments such as [~http://waterdata.usgs.gov< or from Ontario Surface the western basin of Lake Er; Sag; Bav. but Water Data Summary of 1989]. I selected June as the 

stern basin OF a He OF Saginaw bay, bu month that best approximates conditions relevant to smaller populations were associated with rivers that larval walleyes in the upper lakes. Unpublished data 
emptied into near-shore waters close to or bordering (published data is scarce) indicates that walleye 
the deep basins. These more-isolated populations larvae were present in June 1994 in river mouths of 
supported important fisheries, but most are less Canadian Lake Superior streams (personal 
productive now than in the past and in some instances communication, J. Kelso, Dept. Fish. Oceans, retired) 
they are essentially extirpated. Habitat destruction, and in mid May 1990-91 in a northern Lake | , ichigan river mouth (personal communication, P. over-fishing, and introductions have been associated Schneeberger, Mich. Dept. Nat. Res.). This study 
with these losses, but few of these populations were requires only a coarse measure for sizing rivers so 
well studied and the exact causes of the depletions alternative measures of river size were not pursued. 
are poorly understood (Colby et al. 1991). Results. I identified 21 upper lakes walleye 

Although the historical abundances of many of populations whose histories were documented in 
the isolated-type river populations of walleyes in the Colby et al. (1991). Only one of these populations, 
Great Lakes were never documented, enough were the Whitefish (located in northern Lake Michigan), 
studied that they can be aggregated as a data set. did not spawn in a gauged river and was excluded 
These populations are similar in that rivers were used from the analysis. Of the remaining 20 populations, I 
for spawning and the larval environment was classified seven as persistent and 13 as non-persistent 
influenced by the near-shore waters of the deep (Table 1). 
basins. This similarity in life history among 
populations provides a means to identify landscape Table 1. Walleye population status (P = persistent, 
features that may explain why some walleye NP = non-persistent) and mean June flow (m°/s) for 
populations persisted while others did not. the associated spawning river. 

Kitchell et al. (1977) proposed that Sander 
habitat in lakes represents an extension of temperate Great Walleye June 
riverine environments and that the Achilles heel for Ri ; . iver Lake Status Flow this genus in large lakes would be their reproductive Soo 
requirements. Their inferences reflect the idea that Bad Sup NP 18 
Sander likely evolved in large rivers, and systems Batchawana = Sup NP 21 
with greater depths and surface areas would impose Bk. Sturgeon Sup NP 46 
constraints, especially on conserved traits associated Goulais Sup NP 20 
with early life history. My primary interest here is to St. Louis Sup P 101 
investigate how one landscape feature, river size, Nipigon Sup NP 358 
correlates with persistence or non-persistence of Ontonagon Sup NP 15 
upper Creat anes walleye populations I at Sturgeon Sup NP 49 
advance a hypothesis regarding w y river size wou Taquamenon Sup NP 26 
affect persistence of walleye populations. 
Methods. I selected all of the non-embayment Fox Mich P 153 
walleye populations from the upper Great Lakes Menominee = Mich P 110 
whose histories were reasonably well documented in Muskegon Mich NP 56 
Colby et al. (1991). These populations were then French Mich p 457 
sorted to those spawning in gauged rivers. I classified 
these populations as persistent or non-persistent Magnetawan = Hur NP 30 
based on Colby et al. (1991). This classification was Mississagi Hur P 146 
a value judgment in that individual authors Moon Hur p 14 
contributing to this volume were not asked to classify Not H NP 4 
their subject populations based on predetermined Olawasaga ur 
criteria. Non-persistence as used here indicated low Sevem Hur NP 43 
abundance and loss of the fishery without an ensuing Shawanaga Hur NP 1 
partial or full recovery. Likewise, persistence 
indicated either at least moderate or low levels of Spanish Hur P46 
abundance followed by some degree of recovery. 
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The mean June flows for the 20 gauged rivers Superior, empties into a long, narrow, shallow bay, 
(Sh ‘soraneea) : ea / 1) (Nipigon) fo ae ve which supported a reef-spawning stock (Ryder 1968), 

populations classified as persistent, except for the a se he me ‘s nnn sf lim: mn these waters. , 

Moon, were associated with rivers having June flows q é thermal nabitat-limitation ypothesis may 

exceeding 100 m’/s. All 13 populations classified as explain why upper-lakes walleye stocks isolated from 
non-persistent, except for the Nipigon, were big, warm bays were all relatively small. The long- 

associated wit rivers having June Hows less than term commercial catch of walleyes in both Lakes 

100 m’/s and typically less than 50 m’/s. Superior and Michigan approximated only 100 t/yr, 
Discussion. The persistent walleye populations in an in the North Channel. the basin supporting he 

this study, except for the Nipigon and Moon, were biggest river stocks in Lake Huron, yields rarel 
associated with larger (> 100 m/’/s) rivers. The 88 d The ; ’ *e y 

Nipigon population, though associated with the exceede 90 t/yr. The inshore waters ° the upper 

largest river in the data, was non-persistent, and the lakes likely could support many more juvenile and 

Moon was the only persistent population associated adult walleyes. Saginaw Bay, Lake Huron, for 
with a small river (11 m°/s). The Nipigon River is instance, supported the largest walleye population in 
truly an outlier in the data set and cule have peen the upper lakes (record catch of over 900 t), but 
excluded to achieve conformity. ains Lake 
Nipigon, the 22" largest lake in the world. Although Juveniles and jouls migra Hon Tes Oe * ym 
other rivers in the data set are impounded, none are Sumner (Van Oosten et a ). This distribution 
so dominated by the outflow from an oligotrophic indicates that advanced life stages of walleye were 

lake. The Moon River population appeared to be not dependent on the bay for feeding, but rather 
recovering in association with stocking near the time needed its spawning and/or nursery habitat. 

that Colby et al. (1991) was published, and to be Spawning habitat should not be limiting outside of 
consistent I classified It as persistent The recovery, Saginaw Bay because numerous rivers and shoals are 
Owever, was S ived, and the spawning run was 1, ; 

at a record low when last sampled mn 1995 (personal available ” Lake Huron. What the bay provides, 

communication, A. Liskauskas, Ontario Ministry of apparently, JS spawning habitat proximate to large 

Natural Resources, Owen Sound). nursery habitats. ee 
Several hypotheses for the apparent association The thermal-habitat-limitation concept 1s 

between river size and persistence of walleye intriguing, but it needs more testing before it can be 

populations are tenable. First, the larger rivers may viewed as a strong hypothesis. If river size is indeed 

have supported more-complex populations that were important to population persistence, the problem can 
more resilient to perturbation. Second, the larger be approached by comparing inland and Great Lakes , 

rivers may be especially attractive to emigrating PPpr Y paring ; 

walleyes that serve as replacements for those lost to populations as regards the smallest rivers that they 
perturbation. Third, and of particular interest here, use for spawning. If walleyes commonly spawn in 

the larger rivers may provide more thermal habitat inland rivers that are much smaller than those having 

for the larval life stage. supported spawning runs in exposed regions of the 

This hypothesis of a thermal constraint supposes Great Lakes, the existence of a thermal habitat 
that optimal temperatures for walleye-egg incubation constraint on the productivity of walleye populations 

and larval growth mirror the progression of the spring in the Great Lakes becomes more attractive. 
warming in the ancestral environment (large rivers) References. Colby, P.J., Lewis, C.A., and 

of Sander and that major deviations from this Eshenroder, R.L. [ED.]. 1991. Status of walleye in 

progression (as expected in the Great Lakes) diminish the Great Lakes: case studies prepared for the 1989 
fitness. Delayed warming of near-shore waters would workshop. Creal Lakes Fishery Commission. Special 

retard or halt larval growth thereby extending this Kitchell J FE. Johnson. M.G.. Minns. C.K 

precarious life stage. If the deep basins of the Great Loftus. KH , Grei L and Olver CH 1977 ‘Perci d 

Lakes present a thermal bottleneck for recruitment of habi rh ee b> "9 Cal Tah, 
. abitat: The river analogy. Journal of the Fishery 

walleye larvae, the larger rivers may provide more Research Board of Canada 34: 1936-1940 
favorable conditions for larval development in the R . ae 

Lo , yder, R.A. 1968. Dynamics and exploitation of 
form of expanded thermal refugia in the lower river il Sti dion vi ath 
and in the vicinity of river mouths. mature walleyes, Stizostedion vitreum vitreum, in the 

The separation of persistent and non-persistent Nipigon Bay region of Lake Superior. Journal of the 
walleye populations at a June flow of ~ 100 m3/s fishery Research Board of Canada 25(7): 1347-1376. 

likely exaggerates the utility of this statistic. A stream 1946 Th Oosten, LR., Hile, R., and Jobes, F.W. 
. ; . The whitefish fishery of Lakes Huron and 

that discharges into a protected bay or that has a low Michigan with special reference to the deep-trap-net 

gradient at the mouth would tend to provide more fi E *P ay: re OeePTeP 
.; shery. U. S. Fish and Wildlife Service Fishery 

- thermal habitat for descending walleye larvae than a Bulletin, 40:297-394 

similar-sized stream that quickly empties into open oo 
waters. For example, the Black Sturgeon River, Lake 
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DIET OF PISCIVOROUS PERCH (Perca fluviatilis (L.)) IN LAKE HOYTIAINEN, EASTERN FINLAND, 
DURING A LOW-DENSITY STATE OF VENDACE (Coregonus albula (L.)) 

Helena Haakana and Hannu Huuskonen, Karelian Institute, Department of Ecology, University of Joensuu, P.O. 
Box 111, FIN-80101 Joensuu, Finland, helena.haakana@joensuu.fi and Juha Karjalainen, Department of Biological 
and Environmental Science, University of Jyvaskyla, P.O. Box 35, FIN-40351 Jyvaskyla, Finland 

Introduction. Lake Héytidinen (area 293 km”, mean > 
depth 11.8 m, maximum depth 56 m) is an MSN PS eee 
oligotrophic lake in eastern Finland (Fig. 1). Vendace SOY lees a | 
has traditionally been the most important target for Nl ee cen | commercial fishing. Large variation in year-class \S 4 ae ete 
strength is typical for vendace stocks, but in Lake i‘ La Sin Sab SO 

| Hoytidinen there have been: several prolonged | “NON ae : 
vendace recessions. The density of perch population \\ e mm TP : 
has increased in the 1990’s, while the vendace stock ‘TTX X 
has been sparse. A hypothesis has been presented that 
predation by perch can prevent the recovery of the P WALD? : vendace stock from a low-density state (Auvinen bake HG SMthay nm Hoytasnend fe 
1994, Helminen and Sarvala 1994, Valkeajarvi and We WI soonso? . 
Bagge 1995, Heikinheimo 2001). Intensive fishing of ‘3 | VA sr 
perch was started in 2001 to reduce the density of 4 ~ RRR 
perch stock and predation pressure on vendace. The SON ADRS diet of perch was studied to find out the effect of 

which 81 % consisted of perch. YA MQAGQVU_ Methods. Our study area (154 km”) was the southern FRSA 
part of Lake H6ytidinen (Fig. 1). In this area the \ RSQ s number of newly hatched vendace larvae was WO AQ Sy 
estimated using a stratified random sampling design SQQgsp 
(Karjalainen et al. 1998). . 

The diet sampling was conducted in summer | SSS : 
2001 in two different sampling areas (northern (1) 
and southern (2)) and in 2002 only in sampling area 1 0 10 km 
(Fig. 1). The perch were caught in 2001 using gillnets 
(mesh sizes 12-35 mm from knot to knot) and in 2002 Figure 1. Location of Lake Héytidinen. Study area 
using fish traps. The sampling interval was 2 hours and sampling areas 1 and 2 are indicate d 
and the fishing was carried out twenty-four hours 

once a week in May - June. The water depths in the Results. In 2001 24% and in 2002 10% of perch were 
sampling areas | and 2 were 2-10 m and 2-15 m, piscivorous. For the perch >161 mm fish was an respectively. Perch larger than 160 mm (total length) important food item (Table 1). The smallest 
were sampled immediately after catching while the piscivorous perch was 82 mm 
smaller were frozen and sampled later in the 
laboratory. Each fish was first measured for total Table 1. The proportion of piscivorous perch in 
length to the nearest millimetre and weighed to the different size classes in 2001 and 2002. 1 and 2 nearest gram, and then the stomachs were removed represent sampling areas 
and preserved in 70 % ethanol. The stomach fullness 7001 2002 
was estimated on a scale of 0-5 and stomach contents Size class 1 | 
were analysed with stereo-microscope. The ingested ‘<100mm ~~ 0% ~~ 0%.” 3% 
zooplankton, invertebrates and fish were counted and 101-130 mm 4%, 4%, 1% 
measured. Sampled perch were divided into five size 131-160 mm 2 go, 4%, 
classes: <100 mm, 101-130 mm, 131-160 min, 161- 161-190 mm 29% 23% 13% 
190 mm, >190 mm. The dataset included 582 perch >190 mm 58% 81% 80% 
in 2001 and 515 in 2002. TT 
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Perch, ruffe (Gymnocephalus  cernuus), smelt a key role in preventing the recovery of vendace 

(Osmerus eperlanus) and bullhead (Cottus gobio) stock in Lake Héytiainen. 

were the most abundant fish species in the diets of Acknowledgements. We thank the staff of Karelian 

perch in area 1 (Fig. 2). In area 2 vendace larvae and Institute for collecting the samples, Kirsti Kyyrénen 

smelt were the most abundant food items. The for drawing the map and Markku Viljanen (Head of 

vendace larvae were eaten by three perch individuals. Department of Ecology) for providing excellent 
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eaten vendace. supported by European Union, Olvi Foundation and 

Niilo Helander Foundation. 
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2001 2002 Valkeajarvi, P., and P. Bagge 1995. Larval 
depth zone 1 2 1 abundance, growth and recruitment of vendace 

0-0.5 m 0 0 0 (Coregonus albula L.) at high and low stock densities 

0.5-1 m 8 1723 122 in Lake Konnevesi, Finland, in 1979-1992. Archiv 

1-2 m 1 270 7 fur Hydrobiologie. Special Issues, Advances in 

>2m 2 120 5 Limnologie 46: 203-209. 

Discussion. During a low-density state of vendace, 

vendace was not an important food item for perch. 
However, in area 2 where perch predation on vendace 
was only found, the densities of vendace larvae were 
clearly higher suggesting that perch can become a 
remarkable predator on vendace larvae when 

densities of larvae increase. 
All vendace found in stomachs of perch were 

small larvae (9-10 mm), while the size of eaten perch 
and smelt ranged from 25 to 105 mm. Energy content 
of vendace larvae compared to perch or smelt was 

low and therefore the importance of vendace for 

perch was marginal. | 

Due to patchy distribution of vendace larvae and 

rough estimate of the perch population size in Lake 
H6ytidinen, it is difficult to estimate the magnitude of 
perch predation. However perch do not seem to play 
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PIKEPERCH IN FINNISH LAKES: INFORMATION GAINED FROM MAIL SURVEY 

Jyrki Lappalainen, Department of Limnology and Environmental Protection, University of Helsinki, P.O. Box 65 
FIN-00014, Finland, Jyrki.T.Lappalainen@Helsinki.Fi. 

Introduction. Pikeperch (Sander lucioperca (L.)) is lake depth, chorophyll, turbidity, conductivity, color, 
among the most valuable fish species in commercial and Secchi disk depth were log (x+1) -transformed 
and recreational fishery in Finland. It occurs naturally due to their skewed distributions. The significance of 
in 650 lakes in southern and central Finland, and it the CCA axes was assessed using Monte Carlo 
has also been introduced to more than 1600 lakes permutation test (99 unrestricted permutations) 
during the recent years (Lappalainen and Tammi (McCune and Mefford 1999). 
1999). Typical for pikeperch stocks are large annual Two different data sets were analyzed using 
variations in year-class strengths and yields ANN (Goodman 1996): basic and test data. The basic 
(Lappalainen 2001). Attempts to stabilize these data was the same as were used in the CCA (97 lakes, 
variations by intensive stockings of 0+ pikeperch same log-transformations), and the test data was 
have been made, but with varying success totally independent, i.e. data from different lakes. 
(Ruuhijarvi et al. 1996, Sutela and Hyvarinen 2002). Prediction in basic data was based on cross-validation 

A postal mail survey was accomplished to of 30% of the data temporarily held out randomly on 
estimate the state of pikeperch stocks in Finnish lakes 20 times, while in the test data the prediction | 
(Lappalainen and Malinen 2002). The survey aimed performance was based on weights from basic data. 
to clarify open questions such as the origin of Results. In the CCA, the first two axes explained 
pikeperch stocks (stocked or natural), number of 22.3% of the total variance in fish abundance data, 
stockings, fishing regulations in lakes with pikeperch, and the fish abundance — environmental correlations 

| and the occurrence and abundance of other fish were significant (p = 0.01) for both axes. Pikeperch 
species. In the present study, the fish abundance data was placed near other common fish species such as 
from the survey was related to lake specific burbot, perch, pike, bleak, roach, bream, and ruffe 
environmental data using canonical correspondence (Figure 1). The pikeperch lakes were characterized 
analysis (CCA). Artificial neural network (ANN) by high turbidity, low Secchi disk depth, 
analyses were used to study whether the abundance shallowness, and southern location. 
and occurrence of pikeperch in lakes, and the present 
state of the pikeperch stocks can be predicted based Axis 2 + 
on other fish species abundance and lake-specific 1.04+, blue bream 
environmental data. ide 
Methods. The postal survey was sent to 760 heads 
of the fishing associations in 1998. Because of + grown trout white breany 
incorrect connection in addresses between the heads vendace met _eam 
of the fishing associations and the lakes, only 415 + vIn keverch 
lakes were surveyed twice, and‘ within these the whitefish Vi R in Axis 1 
overall return rate was 79%, 0 burbot} Ti 10 

Fish abundance data with the 15 most common erch bleak 
fish species in the studied lakes (n = 97) was related P ruffe « roream 
to lake specific environmental data using CCA. The \ ach 
lake specific environmental data was achieved from 
The Finnish Environment Institute’s database. Those 
lakes with more than 5 measurements of the Figure 1. CCA ordination of 97 lakes. Vectors: I = 
environmental variables from surface layer (< 2 m) pH, If = conductivity, Ill ~ turbidity, IV ~ 
were included to CCA —analysis. To reduce variance chlorophyll, V = COD, VI = latitude, VII = Secchi 
in environmental data only variables measured disk depth, VIII = lake area, and LX = maximum lake 
between July 10 and August 20 in 1990-1997 were depth. Lake markers are excluded, but these were 
used in CCA. In CCA, fish data were response situated evenly within both axes between -1.5 to 1.5. 

variables and environmental data (lake surface area 
and depth, temperature, oxygen content and %, The ANN analyses showed that the correct 
chorophyll -a, turbidity, conductivity, pH, color, classification rates in the basic data were always 
Secchi disk depth, latitude, COD) were explanatory higher than in the independent test data (Table 1). 
variables. Of the environmental data, surface area, The extreme classes (I and IV) had_ higher 

misclassification rates than the central ones (II and 
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III) in both data sets (Table 1). The occurrence of period of time with low expenses. Another advantage 

pikeperch was clearly more precisely predicted is that the lakes are evaluated by persons familiar to 

compared to the abundance and the state of the their waters, even though this estimation might be 

stocks, but here too the non-occurrence had a lower based on a _ slight overoptimistic view. The 

number of correct classifications than the occurrence disadvantages here are that the mail survey focused 

(Table 1). only on pikeperch lakes, so these results can not be 

expanded beyond the lakes studied. Also the 

Table 1. Pikeperch abundance (Ab.; I = non- proportions and abundances of fish species with low 

occurrence to IV = high), state of stock (State; I = value can be underestimated in mail surveys such as 

best to IV = totally lost) and occurrence of pikeperch analyzed here. 
(Occ.; Il = non-occurrence and III = occurrence) Acknowledgements. Niilo Helander Foundation 

predicted by environmental (Env) and fish (Fish) data financed the study. 
using ANN. E-test indicates independent test data References. Goodman, P.H. 1996. NevProp 
predicted by environmental data and F-test indicates software, version 3. Reno, NV: University of Nevada. 

independent test data predicted by fish data. First is Lappalainen, J. 2001. Effects of environmental 
the number of correct predictions and second is the factors, especially temperature, on the population 
total number of observations. dynamics of pikeperch (Stizostedion lucioperca (L.)). 

pred. Total © I Il Iv PhD -thesis. University of Helsinki. 28 pp. 
Ab. Env 52/ 97 1/ 7 21/34 28/43 2/13 (http://ethesis. helsinki. fi). 

Trish) 61/ 87 3/7 23/34 34/43. 1/13 Lappalainen, J. and J. Tammi. 1999. Kuhajérvien 
F-test 38/117 2/36 16/41 20/31 0/ 9 lukuméard tarkentuu. Suomen Kalastuslehti 1999:16. 

State Env 58/ 88 8/15 32/41 18/30 0/ 2 Lappalainen, J. and T. Malinen. 2002. Effects of 

E-test 9/ 20 0/ 2 8/11 1/ 6 O/ 1 area and location on pikeperch yields in Finnish 

P tect 10) BB 10 8/33 3737 7 ‘ lakes. In: Cowx, 1G. (ed.) Management and Ecology 

Oce. ~ Env OTP o7”—”—«CT D7 90790 of Lake and River Fisheries. Blackwell. pp 35-45. 

E-test 18/ 24 i/ 3 17/21 Lappalainen, J., Erm, V., Kjellman, J. and H. 

_ Fish = 97/ 97 7/ 7 90/90 Lehtonen. 2000. Size-dependent winter mortality of 

__Frtest_ 87/ii7 i /36 76/8) age-O pikeperch (Stizostedion lucioperca) in Parnu 

. . Bay, the Baltic Sea. Canadian Journal of Fisheries 
Discussion. _The CCA results were in accordance and Aquatic Sciences 57:451-458. 

with the earlier findings that the pikeperch lakes are | Lehtonen, H., Miina, T. and T. Frisk. 1984. 

large having high productivity and turbidity Natural occurrence of pike-perch (Stizostedion 
(Lehtonen et al. 1984). Besides these, the best lucioperca (L.)) and success of introductions in 
pikeperch lakes are situated in southern Finland. relation to water quality and lake area in Finland. 
Lappalainen and Malinen (2002) showed, based on Aqua Fennica 14:189-196. 

the same survey as used here, that pikeperch yields McCune, B. and M.J. Mefford. 1999. PC-ORD. 
decreased towards north in Finland. This was due to Multivariate Analysis of Ecological Data, Version 4. 
both decrease in growth and increase in size- MjM Software Design, Gleneden Beach. 

dependent mortality during the first winter Ruuhijarvi, J., Salminen, M. and T. Nurmio. 

(Lappalainen and Malinen 2002). Both were 1996. Releases of pikeperch (Stizostedion lucioperca 
connected to the temperature-dependent growth of 0+ (L.)) fingerlings in lakes with no established 

and adult pikeperch (Lappalainen et al. 2000, pikeperch stock. Annales Zoologici Fennici 33:553- 
Lappalainen et al. unpubl.). 567. : 

The ANN analyses suggested that it is not Sutela, T. and P. Hyvarinen. 2002. Diet and 
possible to predict the importance or state of the growth of stocked and wild 0+ pikeperch, 

stocks based on the data used here. One of the Stizostedion lucioperca (L.). Fisheries Management 
reasons for this failure might be that the heads of the and Ecology 9:57-63. 

fishing associations were overoptimistic of the 
situation in lakes, which is only understandable after 
the use of large amount of money on pikeperch 

stockings. Also the number of extreme classes was 

low. On the other hand, the occurrence non- 

occurrence -pattern was more precisely predicted. 
Mail surveys have both advantages and | 

disadvantages. The most obvious advantage is that 
large amount of data can be obtained within a short 
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TEMPERATURE DEPENDENCE OF EURASIAN PERCH (Perca fluviatilis) RECRUITMENT 

Ame Linlekken, Hedmark College, Dept. Agric. and Nat. Sci., Blaestad, 
N-2322 Ridabu, Norway (e-mail: Ame.Linlokken@Inb.hihm.no) 

Abstract Results. Log(YCS) was significantly, positively 
Eighteen lakes situated in South-Eastem Norway correlated to mean air temperature in one, two or 
between 60 — 61° northern latitude, were sampled three months within the period June-September in 
with Nordic survey nets nets. Relative year-class twelve of eighteen lakes (R’ = 0,45-0,94, p=0,045- 
strength (YCS) of Eurasian perch was calculated, and 0,006). There were significant correlation to June 
plotted against mean air temperatures during periods temperatures in two of the lakes, and in those, roach 
of one to three months during June to September. contributed 86-92 % of the catches, compared to 0- 
Positive significant correlations were found in twelve 65 % in the other lakes. These two lakes also differed 

: lakes (67 %). Positive, close to significant, from the others by showing high YCS only in 1988, 
correlations were found in three additional lakes, ’ not in 1991. No correlations were found in the three - 
whereas in three of the most acid lakes, there were no most acid lakes, with mean May pH = 5,03, 
correlation. There were no correlations between first- compared to mean pH = 5,60 for all lakes. 
year growth and year-class strength. No correlations were found between YCS and 
Introduction. Year-class strength of perch has been precipitation or wind. 
related to temperature (Segerstrale 1933, LeCren et 
al. 1958, Neuman 1976, Karas 1996a), and may be 300 
explained by temperature dependent growth, and size x ; 4. = 250 dependent survival during first year, which is = 
decisive to cohort strength (Craig 1982, Post 1988, Bp 200° 
Karas 1996a). This study was conducted on 18 perch ™ 150. 
populations in southeastern Norway, to analyse year- 3 100 
class strength as a function of summer temperatures. a 
Methods. Eighteen oligotrophic small forest lakes at 2 50° [| : | 
60 — 61° northern latitude in South-eastern Norway 2 #0 , Lb rn cs ll 
were sampled once with benthic Nordic survey nets o7 S ZF &F& ZS S & 2 8 & 
(Appelberg et al. 1995) during 1993 to 2000. Age eae 
determination was based on otoliths (Linlokken et al. Year 
1991). Relative year-class strength (YCS) was Figure 1. Mean year-class strength of nine 
calculated as: YCS = 100%*(number perch of year- populations with positive correlation to July- 
class x)/(expected number of perch of year-class x). September air temperature, sampled in 1993 — 1995. 
Expected year-class distribution were calculated by 
assuming constant recruitment = mortality (M); 250 
number of 3+ perch = N3, number of 4+ perch = 5e 
N3*S™ , number of 5+ = N;*S™. Mortality was = 200 
estimated by tagging experiments in six lakes, and é 150 
the lakes were devided into three groups; eight lakes = 
with allopatric perch and M=0,11, six lakes with 3 100 ‘ : | 
perch coexisting with roach (Rutilus rutilus) and pike 2 59 
(Esox lucius) with M=0,19, and the third group with 2 | (| [I 
high mortality; M=0,40 in one lake and M=0,50 in 3s Oa — 
three lakes. The low and moderate mortality lakes es & F F KF KR FB 
were sampled in 1993-1995, whereas the high Year 
mortality lakes were sampled in 2000. The analysis Figure 2. Mean year-class strength of three 
included five to ten year-classes in each lake and populations with positive correlation to July- 
Log(YCS) _ were plotted on mean air temperatures September air temperature, sampled in 2000. during periods of one, two and three months within 
the growth season June-September (mean 
temperatures ranging 10,5-16,9 °C). First year growth Mean YCS in perch populations with low and 
were analysed by opercular bones of adult perch moderate mortality and with YCS_ significantly 
(LeCren 1947). correlated mean air temperatures of periods within 
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July-September, showed strong year-classes in 1988 class in the two lakes with highest roach abundance, 

and 1991 (Fig. 1). The mean YCS of the high indicates an impact from interspecific interactions. 
mortality lakes, with positive correlation to air Acidification may alter effects from temperature, by 

temperatures within July-September, showed strong reducing hatching success in summers of relatively 

year-classes in 1994, 1995 and 1997 and especially high temperatures. 
weak year-classes in 1993 (Fig. 2). Log(YCS) for all The model of YCS as a function of temperature is 

lakes with significant correlation to temperature in of course valid only within a limited temperature 

periods within July-September were plotted on July- range, not above 15-16 °C. Above this, temperature 

September temperatures (T)(Fig. 3), and following may be of minor importance, which probably is the 

model was achieved: case in perch populations on lower latitudes. A study 
YCS = 0,0087x10°3*T in Netherlands (Willemsen 1977), showed no 

This predicts YCS > 120 % when temperature correlation between YCS and temperature. 

excides 13,7 °C. Mean length after the first year was Acknowledgements. This work was supported in 

about 50 mm in all populations, and there were no part by Hedmark College and Directorate for Nature ; 

correlations between growth and year-class strength. Management. Per Ame Holt Seeland was an 

Strong year-classes did not occurre in two excellent collaborator in field work. 

successive years in any lake, with one exception. : References. Appelberg, M., Berger, H. M., 

| Hesthagen, T. Kleiven, E. Kurkilahti, M., Raitaniemi, 

—~ 30 J. & Rask, M. 1995. Development and 

SF _ intercalibration of methods in Nordic freshwater fish 
= y = 0,3027x - 2,0596 — . ” 
Se 2,5 1 R?-0,6433, p01 momtoning Water, Air and Soil Pollution 85: 401- 

© » e . 

E 2,0 t% Karas, P. 1996a. Recruitment of perch (Perca 
2 15 °° fluviatilis) from Baltic coastal waters. Arch. 
3 Hydrobiol. 138: 99-121. 
a 1,0 e °° Karas, P. 1996b. Basic abiotic conditions for 

> production of perch (Perca fluviatilis) young-of- 
= 0,5 theyear in Gulf of Bothnia. Ann. Zool. Fennici 33: 
= 00 371-381. 
an LeCren, E. D. 1958. Observations on the growth 

8 he an ve te se CO — ukSe i of perch (Perca fluviatilis) over twenty-two years 
me ueP with special reference to effects of temperature and 

Fgure 3. Log(YCS) of all perch populations (10) changes in population density. Journal of Anim. Ecol. 

with YCS significantly correlated to July-September 27: 287-334. 
air temperature, sampled in 1993-2000. Linlgkken, A., Kleiven, E. & Matzow, D. 1991. 

Population structure, growth and fecundity of perch 

Discussion | (Perca fluviatilis) in an acidified river system in 

The year-class strength variation in this material southern Norway. Hydrobiologia 220: 179-188. 

supports studies from elsewhere in Scandinavia, that Neuman, E. 1976. The growth and year-class 

temperature probably is the most important strength of perch in some Baltic archipelagos, with 

regulating factor (Neuman 1976, Karas 1996a). The special reference to temperature. Rep. Inst. Res. 

correlation of a single lake might be coincidental, but Drottningholm 55: 51-70. 

not the correlations in the pooled samples showing Pereira, D. L., Anderson, C. S., Radomski, P. J. 

synchrony and highly significantly correlations. Sak, T. & Stevens, A. 1995. Potential to index 

Temperature decides first year growth and condition, climate with growth and recruitment of temperate 

and in turn the survival during first year (Post 1988, fish. Canadian Special Publication of Fisheries and 

| Pereira et al. 1995, Karas 1996a). Survival demands a Aquatic Sciences 121: 709-717. 

minimum length, about 50 mm (Karas 1996b), and Post, J. R. 1988. Size-dependent process in 

year-class strength will depend on how many yellow perch recruitment. Dissertation Abstracts 
specimens achieve this size during growth season. International B Science and Engineering 49 (1). 
This is probably more pronounced in high latitude Willemsen, J. 1977. Population dynamics of 

lakes, with relatively low temperatures, short growth percids in Lake Ijssel and some smaller lakes in the 
season, and moderate perch densities in low diversity Netherlands. J. Fish. Res. Board Can. 34: 1710-1719. 
systems. This moderate the impacts from both 

intraspecific . and interspecific interactions 

Nevertheless, the absence of a strong 1991 year- 
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ADVANTAGES OF PERCH (Perca fluviatilis) SEASONAL MIGRATIONS TO BRACKISH WATERS. 

Linas Lozys, Laboratory of Marine Ecology, Institute of Ecology, Vilnius University, Akademijos st. 2, Vilnius 
2600, Lithuania, lozys@ekoi.It 

Introduction. Perch (Perca fluviatilis) are known as “low temperature” range - from 14.1 to 11.7°C. All 
seasonally migrating fish species in southern part of fish were provided with the same quantity of live 
the Baltic Sea. Perch inhabit brackish coastal waters Chironomus spp. larvae, weighed with accuracy of 
of the southern Baltic in summer time, while they 0.01 g. To ensure similar food consumption between 
usually winter in the freshwater lagoons. The replicates, each new portion of food was introduced 
objective of the study was to explain experimentally immediately following consumption of the previous 
perch spring migration behaviour while they migrate ration. Total weight (+0.01 g, after excess water 
from the freshwater Curonian Lagoon to the brackish removed) for each replicate was measured prior to 
Baltic Sea, Lithuania, and to prove a cause of their the beginning of the experiment and after each week. 
backward migration to the Lagoon in the autumn. To assess differences in growth under different 
Methods. Field study. Material for the perch in situ treatments, the weight increments of perch YOY 
growth study was collected during 1998 — 2000, in groups of each replicate were analysed using Tukey 
September when growth in length and accumulation honest significant difference test. 
of energy resources reached the yearly maximum. Results. Perch start to migrate from the Curonian 
The growth study focused on perch individuals of Lagoon after wintering and spawning. Field 
1997-year class, since this generation dominated in observations demonstrated better growth in length 
both water bodies: individuals of the other age groups and condition (Fig. 2, 3) in the sea despite lower 
were scarce. All perch were weighed (+ 1.0 g) and water temperature (Fig 1). 
measured (total length L, + 0.5 cm). Condition factor 24 : : : 
(CF) and fatness coefficient (Ke) were calculated as 22 
follows (Bagenal & Tesch, 1978; Bukelskis & is ! ! } t 1! Kublickas, 1588): CF = W/L’ x 100, where W, body Ser tp ipat ht k 
weight in grams, L, total length in cm and Ky = w / c 14 ; ; { ; { 
W x 100, where w, weight of fat on the intestines, in 1 ; ; ; 
grams, W, body weight, in grams. Since differences a ! t 
in the growth rate of perch for the same age group is E f: ; ; 
considerable, the parameters were calculated for the ro 
same length, but different age perch individuals. Both 2 t q ! 
sexes were combined in calculations. Fat content (C,) a v v vi “uC x 
in muscle tissues was expressed as a percentage of 
wet weight. Perch age was estimated from growth Month» 
zones of opercular bones. Only females were aged. Figure 1. Water temperatures in the Curonian Lagoon 
For statistical analysis t-tests was used. (m) and the Baltic Sea (A) during March — 

Experimental Study of growth. To evaluate the September 1998-2000 (vertical bars r epresent 1 SD). 
effect of salinity on perch growth, a survey of perch 
YOY growth under different salinity conditions was 1998 1999 2000 
conducted. The first experiment was performed at 28 
“high temperature” range (mean water temperature 24 
19.2) and the second - at “low temperature” range g 22 
(mean water temperature 12.4). Available laboratory g 20 : t t 
facilities restricted the experiment to YOY providing © 18 
sufficient density of fish for statistical analysis. Perch = 16| } 
YOY were collected by seine netting at Venté cape, a © 44 + 
coastal area in the eastern part of the Curonian 12 4 
Lagoon (55°21' N, 21°12' E) in August 2001 and a 
2002. After 5 days acclimatisation in fresh water, fish 10 1 2+ 3 
were randomly divided into 15 experimental groups. Figure 2. The total length of perch of 1997 year class Each group comprised 10 fish, which were reared in in the Curonian Lagoon (m) and the Baltic Sea (A) 
identical 100-1 glass aquaria under continuous during September of 1998-2000 (vertical bars 
aeration. The influence of salinity on the perch represent 1 SD) (Lozys 2001). 
growth was studied under certain three experimental 
salinity conditions: five aquaria contained water at 5 The results of the experiment in “high 
ppt, five at 2 ppt and five contained fresh water. The temperature” range demonstrated the significant 
duration of the experiment in “high temperature” affect of salinity on YOY perch growth at both 5 and 
experiment in “low temperature” range was swe 2B Salinity conditions (Fig. 4) (Lozys, in press). ifferences in gro een 2 an salini weeks. Water temperature was ambient in all aquaria replicates were insignificant. Salinity feet my 
and during the experimental period, fluctuated from insignificant at the “low temperature” range (Fig. 5). 24.9 to 16.0°C in “high temperature” range, while in 
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To test the hypothesis of the salinity influence, 
18 ss YOY perch were reared under equal feeding 

conditions and temperatures, at 5 and 2 ppt salinity 
4,7 45 | regimes and freshwater as control. The first 

experiment was performed at 16-22 C (mean water 
1,6 3,5 | temperature 19.2) and the second - at 9-14 (mean 

& 2 water temperature 12.4) range. The results of the 
s 2,5 experiment in “high temperature” range demonstrated 

| the significant beneficial affect of salinity on YOY 
" " perch growth at both 5 and 2 ppt salinity conditions 
13 , os (Fig. 4) (Lozys, in press). The beneficial effect of 

' salinity on perch growth, most likely, is manifested 
Figure 3. CF (condition 2A only under salinities close to the internal osmotic 
factor), Ke (fatness 2,0 | pressure in fish. However, the affect was insignificant 
coefficient), Cpr (fat at the lower temperature range (Fig. 5). Hence it is 
content in muscles) of the “ evident that temperature plays also significant role in 
perch (same length 242 ! salinity affect on perch growth. 
groups) in the Curonian | According to the results of the first experiment, 
Lagoon (m) and the Baltic . migration to the sea could be interpreted as a result of 
Sea (A) in 2000 (vertical — oz , the beneficial salinity affect on the perch growth. The 
bars represent 1 SD). a | second finding allows stating that after water 

temperature decreases, the salinity affect becomes 
? : insignificant, and migration to the protected from the 
oh ee ee Fe ec stormy winds lagoon starts. However, the obtained 

wah Te results requires further studies to understand 
g ne | a mechanisms of water salinity effect on perch. 
pp a pp Acknowledgements. This work was supported in 

a. ee )6h6e Education of the Ministry of Education and Science. | 
tt Centre of Marine Research provided records of water 

° prt 2 ppt S ppt temperature. I acknowledge the contribution of 
Figure 4. Total weight increment of perch YOY in Laurynas MartiSius into running of the experiment 
brackish and fresh water in “high temperature” range and Dr. Rimantas Repecka into arranging the study in 
(Tukey HSD test: 5 ppt vs. fresh water, P=0.001; 2 situ. My special thanks are due to Dr. Kestutis 
ppt vs. fresh water, P=0.002; 5 ppt vs. 2 ppt, P=0.95). Arbaciauskas for a helpful advises on experiment 

6 : designing and consultations. 
el... | . References. Bagenal, T. B. and F. W. Tesch. 1978. 

py Age and growth. In Bagenal, T. (ed.), Methods for 
Sab opp PR ne ef assessment of fish production in fresh waters. 3 ed. 

E - | : 1 Oxford, London, Edinburgh, Melbourne: 101-136. 

Bat fd Pp Ichtiologijos laboratoriniai darbai [Laboratory studies 

° cS : j oS Lozys, L. 2002. Peculiarities of pikeperch 
see Pee + Ppt (Sander lucioperca L.) and perch (Perca fluviatilis 

Figure 5. Total weight increment of perch YOY in L.) ecology in the Curonian Lagoon and the coastal 
brackish and fresh water in “low temperature” range zone of the Baltic Sea. Doctoral Thesis. Institute of 
(Tukey HSD test: 5 ppt vs. fresh water, P=0.78; 2 ppt Ecology, 126 pp. 
vs. fresh water, P=0.44; 5 ppt vs. 2 ppt, P=0.17). Lozys, L. The growth of pikeperch (Sander 

. . . lucioperca L.) and perch (Perca fluviatilis L.) under 
Discussion. Available information suggests that different water temperature and salinity conditions in 
feeding conditions in the Curonian Lagoon are better the Curonian Lagoon and Lithuanian coastal waters 
than in the coastal waters (Repecka et al., 1996; of the Baltic Sea, in press. 

Lozys, unpubl. data). Despite that, part of perch Repetka, R., V. Ziliukas and S. Stankus. 1996. 
population migrates from the Curonian Lagoon to the Versliniy Zuvy lervuciy ir mailiaus gausumas Baltijos 
Baltic Sea in spring. In mid September, when water juros priekrantéje bei KurSiu mariose [The abundance 
temperature drop to 12-13, intensive perch of the fish larvae and fry in the coastal zone of the 
migration back to the lagoon starts. Study in situ Baltic Sea_and the Curonian Lagoon]. In Mileriené, 
demonstrates beneficial effect of perch summer in the E. (ed.) Zuvininkysté Lietuvoje 2 [Fishery and 
brackish coastal waters. Consequently it was aquaculture in Lithuania 2]: 95-108. 
hypothesized that water salinity could beneficially 
effect perch in the sea. 

78



RECRUITMENT PATTERNS OF WALLEYE AND SAUGER IN THE LOWER WISCONSIN RIVER 

John Lyons, Wisconsin Department of Natural Resources, 1350 Femrite Drive, Monona, WI, 53716, USA, 
lyonsj@dnr.state. wi.us | 

Introduction. The lower Wisconsin River supports length. A previously developed age-length key was 
an important sport fishery for walleye (Stizostedion used to determine age. Catch rates were expressed 
vitreum) and sauger (S. canadense) (Rasmussen et al. for each species as number per night per age group. 
1994). Fishery exploitation is high and perhaps as a Age-specific catch and growth rates were correlated 
consequence walleye and sauger populations have with each other and with measures of river 
relatively small adult stocks, a low mean age, and fast temperature and flow using multiple linear regression 
individual growth rates (Lyons and Welke 1996). in order to identify factors influencing year-class 
Variation in recruitment is high, and year-class success. Daily flow data were taken from the U.S. 
strength strongly influences angling success. Since Geological Survey Muscoda gage, 79 km 
1987, I have assessed walleye and _ sauger downstream from the dam. The Prairie du Sac Dam 
reproductive success in the upper part of the lower had a gage from 1946-1953 and flows at the dam 
Wisconsin River with the goal of better were 92% of those at Muscoda (r’=0.96). Daily air 
understanding patterns and causes of recruitment temperatures were taken from the University of 
variation. This paper summarizes my findings. Wisconsin Arlington Experimental Farm, 30 km east 
Methods. The Wisconsin River is the largest river of the dam. During 1983-1990 daily mean water 
within Wisconsin, with a length of 676 km, a basin temperatures at the dam during the growing season 
area of 31,800 km’, and a mean annual flow of 292 (April-October) were tightly correlated with daily 
m/sec (Lyons 2004). The lower river is defined as mean air temperatures (r°>0.90) and usually within 
the 149-km reach from the Prairie du Sac Dam (a 3°C of each other. For flow and temperature I 
barrier to upstream fish movement) downstream to calculated monthly means and standard deviations for 
the mouth at the Mississippi River. The dam April through October and a mean and standard 
tailwater has a deep (>10 m) pool with extensive deviation for the entire growing season. 
gravel and cobble substrates, but otherwise the lower Results and Discussion. Abundances of walleye and 
river has a wide (> 400 m), shallow (< 1 m mean sauger age classes varied substantially among years, 
depth), braided channel with shifting sand substrate. but patterns of variation differed between the species. 
Tagging studies indicate that the majority of walleye Nightly mean catches of age-O walleye ranged from 
and sauger in the upper half of the lower river 8.9 in 2000 to 140.0 in 1987, a 16-fold difference. 
migrate to the tailwater by October. They over- Age-1 catches varied by a factor of nearly 10 (8.3 in 
winter there until spawning and _ dispersing 2001, 79.4 in 2002) and age-2 catches by a factor of 
downstream in April (Rasmussen et al. 1994). The 12 (2.2 in 1988, 26.9 in 1999). Age-0 walleye catch 
tailwater is also a primary habitat for age-0 walleye was positively related to age-1 catch the following 
and sauger in the upper part of the lower river. year (r=0.57, p=0.02) but not to age-2 catch two 

Angler harvest regulations for walleye and years later. However, age-1 catch was marginally 
Sauger varied over the course of the study. Walleye __ positively related to age-2 catch the following year 
had no size limit from well before 1987 through (r=0.47, p=0.075). This indicates that walleye year- 
1989, a 381-mm total length limit from 1990-2001, class strength was not always fully set by the end of 
and a 457-mm total length limit in 2002. Sauger had the first growing season and could be modified 
no size limit from well before 1987 through 1993 and during the next two years. Age-0 sauger catches 
a 381-mm total length limit from 1994-2002. There ranged from 0.28 in 2002 to 28 in 1999, a 100-fold 
was no closed season on either species and the bag difference. Age-1 catches varied by a factor of over 
limit was five walleye and sauger in aggregate 250 (0.1 in 1991, 26.8 in 1987) but age-2 catches 
throughout the study period. only by a factor of 15 (1.1 in 1996, 16.9 in 2002). 

From 1987-2002, I conducted annual Age-0 sauger catch was positively related to age-] 
electrofishing surveys of walleye and sauger in the catch the following year (r=0.65, p=0.009) and to 
tailwater in late October. Three 1-km shoreline age-2 catch two years later (r=0.61, p=0.02). These 
stations were sampled each night with a pulsed-DC results suggest that sauger year-class strengths were 
boom shocker with two netters, and surveys were largely set by the end of the first growing season, but 
conducted one to three nights per year, an approach that differences in year-class strength could be 
that provided an accurate index of relative abundance reduced between age-1 and age-2. 
and size/age structure (Lyons and Welke 1996). All Walleye and sauger growth also varied among 
captured walleye and sauger were measured for total years but was consistently fast relative to other 
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populations in Wisconsin. Annual mean total length related to the standard deviation of May water 
of age-0 walleye in late October ranged from 183- temperature and growth was positively related to 
236 mm with a grand mean of 208 mm. At the end June mean temperature, but neither age-O walleye 
of their third growing season, just prior to maturity, density nor growth was correlated with densities of 
walleye averaged about 400 mm. Statewide averages older walleyes (Serns 1982). 
for walleye after their first and third growing seasons Acknowledgments. I thank Brian Weigel for helpful 

are 157 and 315 mm (Wisconsin Department of comments on an earlier version of this manuscript. 
Natural Resources, unpublished data). Annual mean Data collection and manuscript preparation were 

total length of age-0 sauger in late October ranged funded in part by the Federal Aid in Sport Fish 
from 165-211mm with a grand mean of 182 mm. Restoration program, Project F-95-P, Study SSOV. 
Sauger averaged about 350 mm at the end of their References. Lyons, J. 2004. Fish assemblage 

third growing season, just prior to maturity. structure, composition, and biotic integrity of the 
Statewide averages for sauger after their first and Wisconsin River. In press in J. Rinne, R. M. Hughes, 
third growing seasons are 167 and 325 mm. and R. Calamusso, editors. Historical changes in fish 

Temperature was the best predictor of age-0 assemblages of large North American rivers. 

abundance for both walleye and sauger, and the best American Fisheries Society, Bethesda, Maryland. 
year classes were produced in years with warm stable Lyons, J., and K. Welke. 1996. Abundance and 
temperatures. Age-0 walleye catches were positively growth of young-of-year walleye (Stizostedion 
related to April mean temperature (the month of vitreum) and sauger (S. canadense) in Pool 10, Upper 
spawning) and negatively to standard deviations of Mississippi River, and at Prairie du Sac Dam, Lower 
June and September temperatures (R7=0.75, Wisconsin River, 1987-1994. Journal of Freshwater | 

p=0.0002). Age-0 sauger catches were positively Ecology 11:39-50. | 
related to July mean temperature and negatively to Pitlo, J. 2002. Effects of environmental factors 
the standard deviations of growing season and May on walleye and sauger recruitment in Pool 13, Upper 
temperatures (R’=0.72, p=0.0012). Annual variation Mississippi River. North American Journal of 
in age-0 catch was not explained by spawning stock Fisheries Management 22:1021-1031. 

(age-3 and older catch), abundance of age-1 and age- Rasmussen, P. W., J. M. L. Unmuth, J. Lyons, | 
2 fish, fluctuations in river flow, nor variation in age- and G. Van Dyck. 1994. A creel survey of the lower 

0 walleye and sauger growth. Wisconsin River, 1990-1991. Wisconsin Department 
Temperature and river flow explained significant of Natural Resources, Madison, Research Report 160. | 

variation in age-0 walleye and sauger growth, and the Serns, S. L. 1982. Influence of various factors 
fastest growth occurred in years with warm stable on density and growth of age-0 walleyes in Escanaba 
temperatures and stable river flows. Age-0 walleye Lake, Wisconsin, 1958-1980. Transactions of the 
growth was positively related to August mean American Fisheries Society 111:299-306. 

temperature and negatively to standard deviations in 
August temperatures and May flows (R’=0.80, 
p=0.002). Age-O0 sauger growth was positively 
related to August mean temperature and negatively to 
standard deviations in August temperatures and 
growing season flows (R?=0.78, p=0.0003). Age-0 
walleye and sauger growth was positively correlated 

(r=0.59, p=0.016), but abundances of older age 
classes of walleye and sauger did not explain 
variation in age-0 growth for either species. 

Overall, results indicate that temperature is a 
better predictor of walleye and sauger reproductive 
success and growth in the lower Wisconsin River 
than spawning stock or river flows. Studies from 
other waters in the region have yielded similar 
results. In Navigation Pool 13 of the Mississippi 
River, 265 km downstream of the Prairie du Sac 

Dam, October age-0 walleye and sauger abundances | 

were positively related to the rate of water 
temperature increase in late April and early May but 
not to flow attributes (Pitlo 2002). In Escanaba Lake, 
Wisconsin, fall age-O0 walleye density was negatively 
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AN INTERPLAY BETWEEN FORAGING AND ANTIPREDATOR BEHAVIOR IN 0+ PERCH (Perca 
fluviatilis) AT THE DEMERSAL PHASE 

Victor N. Mikheev, Inst. Ecology & Evolution, Russian Acad. Sci., 33 Leninskii Prosp., Moscow 119071, RUSSIA, 

avamik@online.ru, Josef Wanzenbock, Inst. Limnology, Austrian Acad. Sci., Mondseestr. 9, A-5310 Mondsee, 

AUSTRIA, and Anna F. Pasternak, Inst. of Oceanology, RAS, 36 Nakhimovskii Prosp., Moscow 117997, RUSSIA. 

Introduction. When 0+ perch migrate from the Results. Increase in intake of large (KW, p<0.01), 
open waters to the shore, they face new, structured and decrease in intake of small prey (p<0.001) 
habitats, often with cruising (larger perch) and were observed during habituation of perch to novel 
ambush (pike) predators. Both novelty of surroundings (Figure 1). 
surroundings and predation risk may enhance 

vigilance and modify fish foraging. Piscivore- 8 | | 
induced shifts of prey fish between habitats have Perch 
received much more attention than within habitats 
(food patches) changes of behavior. A trade-off ‘ 6 
between foraging and defense within food patches = a 
may be assessed as a change in total food intake 2 4 7 
(Fraser, Huntingford 1986) or prey size selectivity > 7 _ 
(Godin 1990). Our main questions were: a) what s on ee OO 
predator-associated cues, visual or olfactory, cause _. co 

more pronounced feeding response in 0+ perch? b) ff i _ 

does habituation to a novel situation influence their o | bo os oT 
foraging? Roach (Rutilus rutilus) are living in 
similar habitats as perch. They compete with perch 
for planktonic prey and face the same challenges. 
We studied the same responses in 0+ roach. g 
Methods. Perch and roach were obtained by Roach 
artificial fertilization of eggs from wild fish from 
Lake Mondsee (Austria). The fish were kept in % § 
flow-through tanks at 20+1°C and 16L:8D : 

photoperiod. They were raised on a diet of live = 4 
brine shrimp naupliu, lake zooplankton and = oh 
Daphnia magna. Pike (Esox lucius) juveniles (15- 3s | 
18 cm TL) from the same lake were used as s 2 
predators. Feeding tests were run with groups of 3 tn 
fish, either perch (mean + SD 36.5 + 3.5 mm TL) 0 
or roach (33.8 + 3.4 mm TL) in 101 glass aquaria at , 3 5 

20+1°C, and 400 (day light) or 2 (twilight) lux. 
Fish prestarved for 20 hrs were provided with 50 Days 

large (2.9 + 0.28 mm) and 100 small (1.2 + 0.25 
mm) D. magna and allowed to feed for 15 min. Dry 

weight (DW) of individual perch and ingested Figure 1. Specific intake rate of large (dark) and 
daphnia was calculated from  length-weight small (light bars) D. magna at 400 lux. Triangles 
regressions. Feeding response of the fish (intake indicate total consumption. 

rate and prey size selectivity) to novelty of the There was no significant changes in intake of 

environment (transfer from flow-through tanks to either large (p=0.875) or small prey (p=0.798) by 
test aquaria) was assessed on days 1, 3, and 5. roach. Total intake by perch increased (p=0.007), 

Impacts of predator-induced cues (pike odor, visual but did not change in roach (p=0.812) (Figure 1). 
contact with pike, both cues presented together) on Perch fed more intensively upon large prey at 
fish feeding were tested with fish acclimatized to twilight than at day (MW, p<0.0001); intake of 
test aquaria for 5-6 days. Ten replicates were small prey was not affected by light. 
always used in both experiments and controls. Pike odor did not affect total intake nor the 

Mann-Whitney test (MW) or Kruskal-Wallis ratio between large and small prey eaten in perch 
ANOVA (KW) were used for _ statistical nor roach at 400 lux (Figure 2). However, at 2 lux, 
comparisons. pike odor inhibited intake by perch (MW, p=0.01). 
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Visual contact with pike at 400 lux inhibited intake Roach has a higher capacity than perch to 
in both perch (p<0.01) and roach (p<0.01). Visual avoid predators due to the higher swimming and 
contact together with pike odor affected perch group cohesion capacities as well as ability to make 

feeding even stronger (p<0.001), but not roach. evasive jumps (Christensen, Persson 1993). When 
transferred into novel surroundings, 0+ roach 
quickly habituated and attained a steady level of 
food intake and _ selectivity. Perch gradually 

. > Perch habituated to novel surroundings with no refuges, 
= 4 increasing consumption of large prey. Perch use 

< hiding and often associate with macrophytes while 
= 3 ke foraging and avoiding threat (Eklov, Persson 1995). 

rs - 7. Opposite to roach, perch respond to predators by 
ep 2 decreasing activity and oxygen consumption 
s _ rm (i (Huuskonen, Karjalainen 1997). Predator-induced 

§ stress caused a decrease of foraging of perch to a 
= | oo larger extent than that of roach. Young perch at the 

demersal phase can compromise between foraging 
and vigilance adjusting food intake and prey size 
selection to predation threat. 
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= References. Christensen, B. and L. Persson. 1993. 
= 3 Species-specific antipredator behaviours: effects on 
AR 7 prey choice in different habitats. Behavioural 
E bo Ecology and Sociobiology 32: 1-9. 
21 a Al — Eklov, P. and L. Persson. 1995. Species- 
e specific antipredator capacities and prey refuges: 

0 eu ed oe interactions between piscivorous perch (Perca 
Pike odor Visual pike Odor+visual fluviatilis) and juvenile perch and roach (Rutilus 

rutilus). Behavioural Ecology and Sociobiology 37: 
Figure 2. Predator induced cues affect total intake 169-178. 
rate of perch and roach at 400 lux. Trial: dark, Fraser, D.F. and F.A. Huntingford. 1986. 
control: light bars. Feeding and avoiding predation hazard: the 

Predator-induced cues inhibited intake of large behavioural response of the prey. Ethology 73: 56- 
prey more than that of small prey in perch (MW, 68. | 
p=0.04). Godin, J.-G.J. 1990. Diet selection under the 
Discussion. Perch responded to pike-induced cues, risk of predation. In: Behavioural mechanisms of 
novelty of surroundings, and high illumination, food selection. (ed. R.N. Hughes). NATO ASI 
decreasing total food intake and proportion of large Series G, Vol.20. Springer Verlag, Berlin, p.739- 
(costly in terms of handling time) prey in the diet. 770. 
Surprisingly, pike odor did not affect intake at high Huuskonen, H. and J. Karjalainen. 1997. 

illumination, but at twilight. Visual cues caused Predator-induced respiratory responses in juveniles - 
pronounced changes in feeding of both perch and of vendace Coregonus albula, whitefish C. 
roach. Chemical cues seem less reliable at day light lavaretus, perch Perca fluviatilis and roach Rutilus 

than visual ones and could not be of much use at rutilus. Environmental Biology of Fishes 49: 265- 

detection and orientation (Webster, Weissburg 269. 
2001). It is probably too costly for hungry fish to Webster, D.R. and M.J. Weissburg. 2001. 
respond to such an uncertain threat by lowering Chemosensory guidance cues in a_ turbulent 
food intake. However, pike odor combined with chemical odor plume. Limnology = and 
visual cues made 0+ perch even more cautious Oceanography 46: 1034-1047. 
when feeding. Feeding of 0+ roach was not further 
decreased when pike odor was provided together 
with visual contact. | 
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_ A SURVEY OF GENETIC VARIATION AMONG YELLOW PERCH (Perca flavescens) POPULATIONS 
DETERMINED FROM ALLOZYME AND MITOCHONDRIAL DNA DATA 

Gregory R. Moyer, Department of Zoology and Fisheries and Illinois Aquaculture Center, Southern Illinois 
_ University, Carbondale, IL 62901, present address: UNM Biology Department, MSCO3 2020, 1 University of New 
Mexico, Albuquerque, NM 87131, grmoyer@unm.edu, and Neil Billington, Department of Biological and 
Environmental Sciences, Troy State University, Troy, AL 36082. 

Introduction. The issue of stock conservation has PGM for Lake Simcoe, Lake Erie, and Oneida Lake 
received considerable attention from geneticists and populations, and therefore excluded these populations 
fisheries managers. The trend in fisheries from subsequent analyses. Mean heterozygosity was 
management is to conserve as much intraspecific less in the Mississippi River Drainage (MRD) 
variation as possible in order to protect adaptive gene populations (0.000-0.010) compared to the greater 
complexes. Yellow perch (Perca flavescens) are an values (0.099-0.269) observed in the Atlantic Ocean 
important recreational and commercial resource, and Drainage (AOD) populations (Table 1). Four of the 
conserving stock structure among natural populations five surveyed loci (ADH-1*, GPI-1*, LDH-1*, and 
of P. flavescens is an essential element in any sound PGM-2*) were polymorphic (95% criterion). All 
management program aimed at ensuring high-quality polymorphic loci were in Hardy-Weinburg 
yellow perch fisheries in North America. Todd and equilibrium except GPJ-1* (NC and PA populations), 
Hatcher (1993) provided evidence for stock structure and PGM-2* (MD population). There was 
among P. flavescens populations based on patterns of significant heterogeneity (x? = 226.38; df = 20; p = 
allozyme variation. In contrast, Billington (1996) 0.001) between pooled MRD populations (WI, IN, 
showed no evidence for stock structure in P. and IA) and AOD populations (DE, MD, ME NC, PA 
flavescens using whole molecule mtDNA RFLP data. and ONT) at GPI-/*. Genetic variability at PGM-2* 
To address this conflict, we expand on previous also showed significant (x? = 595.96; df = 36; p< 
allozyme and mtDNA studies by surveying a broader 0.001) heterogeneity when pooled MRD populations 
range and a larger sample size of P. flavescens were compared with AOD populations. 
throughout North America. Table 1. Localities and sample sizes (N) surveyed in this study. 
Methods. Specimens of P. flavescens (N=241) were Mean heterozygosity (H) values for each population are based on 
collected from 14 locations throughout North values from five presumptive allozyme loci. MtDNA nucleon 
America (Table 1). Protein polymorphisms diversity (Nei and Tajima, 1981) for each population iS indicated 

. . by h. Values not reported are due to poor resolution. An asterisk (allozymes) in P. flavescens populations were denotes populations initially screened for allozyme analyses. 
examined using horizontal starch gel electrophoresis. 
Alleles from 10 enzyme systems (EST, MDH, ADH, 
G6PDH, G3PDH, IDDH, LDH, GPI, PGM, and Mississippi River 
SOD), representing 14 loci, were separated using a Whorton Lake, WI 12 0.000 0.000 
tris-maleate buffer system (see Moyer, 1998 for Trot Lake Wi, , 0000 Oras 
details). Spirit Lake, IA 23 0.000 0.091 Mitochondrial DNA variation of P. flavescens Crooked Lake, IN 10 0.000 0.154 
populations was screened using eight restriction Atlantic Ocean Lake Huron, Ontario 12 0.000 0.182 
enzymes known to reveal polymorphisms in P. Lake Simeoe, Ontario 11 =. 0378 
flavescens (Apa I, Ava I, Hind I, Nci I, Neo I, Sca I, Lake Erie, Ontario 22 = = 0.48] 
Sst I, and Stu I; Billington, 1996). Isolation and Oneida Lake, NY 11 --- 0.000 
digestion of mtDNA followed the procedures of Pe Raver PAT NC a Oey 0.249 
Billington and Hebert (1988). Fragments from total Lake George, ME* 30 0117 —- 
genomic DNA isolates were analyzed using the Nantikoke River, DE 23 0.269 ---- 
Southern Blot procedure described by Richard Choptank River, MD 12 0.241 0.495 
(1994). 

Results. Allozyme analysis of P. flavescens: We Mitochondrial DNA _ analysis of P. flavescens: 
initially screened four populations (Table 1) using 10 Fourteen different mtDNA haplotypes were identified 
enzyme systems representing 14 presumptive loci. from nine P. flavescens populations (DE, ME, and 
Five presumptive loci (ADH-1*, GPI-1*, LDH-1*, NC populations were excluded due to resolution 
MDH-1*, and PGM-2*) were polymorphic for these problems). Mean haplotype diversity estimates for 
four populations. Subsequently, further analyses MRD populations were low (0.000-0.182) (Table 1) 
relied on these five polymorphic loci. We failed to with most populations fixed for the most common 
resolve discernable allozyme patterns at the ADH and haplotype. In comparison, AOD populations 
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exhibited higher mean haplotype diversity values population shares alleles (GPJ-]* and PGM-2*) and 
(0.245-0.495) (Table 1). Pairwise comparisons haplotypes (1 and 13) from both the Atlantic and 

between all populations revealed significant Mississippian refugia (Moyer, 1998), which indicates 
heterogeneity between P. flavescens populations (x7 that contact may have occurred between MRD and 

= 254.88; df = 130; p s 0.001); however, this test AOD refugia. During the Pleistocene, the Genesee 

was not significant when the MD population was River, which flows into the MRD, flowed south into 
excluded (y* = 107.91; df = 108; p = 0.498). the AOD (Hocutt et al., 1986). Therefore, a post- 

Discussion. glacial outlet may have occurred between the 
Todd and Hatcher (1993) proposed separate Allegheny River (MRD) and the Susquehanna River 

Pleistocene glacial refugia as a hypothesis for the (AOD) via the Genesee River. Further evidence 
observed allozyme variation between MRD and AOD supporting this hypothesis was reported by Hocutt et 
populations of P. flavescens. Significant differences al. (1986) who concluded that the native fauna from 
in our estimates of nucleotide and haplotype diversity the Susquehanna River had elements from the 
between pooled MRD and AOD support the finding northern Mississippi Basin due to secondary contact 
of separate stocks. from post-glacial outlets during the Pleistocene. 

The nearly complete loss of nucleotide diversity Allozyme data indicate significant stock 
and decreased haplotype diversity in MRD structure between MRD and AOD P. flavescens 

populations (in comparison to AOD populations) populations. Management initiatives for P. 

suggest that MRD populations underwent a more flavescens should strive to conserve the genetic 

severe bottleneck than the AOD populations. integrity of these stocks. Moreover, we suggest that 
However, potential secondary contact of refugial contact between glacial refugia may have occurred, 

lineages, translocation, or selection could also presumably during the Pleistocene. 
contribute to these observed patterns of diversity. Acknowledgements. We would like to thank Brian 

Haplotypic and allelic distributional data (see Sloss, Tom Turner and two anonymous reviewers for 
Billington, 1996; Moyer, 1998) show that although their helpful comments regarding this manuscript. 

secondary contact may have occurred (see below), References. Billington, N. 1996. Geographical 

| much of the allelic and haplotypic diversity is found distribution of mitochondrial DNA (mtDNA) 
in putative non contact populations (e.g., Delaware, variation in walleye, sauger, and yellow perch. 
North Carolina, and Maryland). These findings Annales Zoologici Fennici 33:699-706. 

indicate that increases in allelic/haplotypic diversity Billington, N., and P.D.N. Hebert. 1988. 
due to historical secondary contact are not Mitochondrial DNA variation in Great Lakes walleye 

contributing to these observed patterns. Whether (Stizostedion vitreum) populations. Canadian Journal 
selection or translocation is attributing to of Fisheries and Aquatic Sciences 45:643-654. 
increases/decreases in diversity remains unclear and Hocutt, C.H., R.E. Jenkins, and J.R. Stauffer, Jr. 
should be further explored. 1986. Zoogeography of the fishes of the central 

In contrast to Billington (1996), significant Appalachians and central Atlantic coastal plain. 

differences in our estimates of mtDNA haplotype Pages 161-211 in C.H. Hocutt and E.O. Wiley, 
diversity between pooled MRD and AOD further editors. The zoogeography of North American 
support Todd and Hatcher’s (1993) findings. The freshwater fishes. John Wiley and Sons, Inc., New 

discrepancy in results can be explained by the York. 
increased sample size of our study. Unfortunately, Moyer, G. 1998. Genetic variation and 
we could not obtain data for the three southern most evolutionary relationships within the genus Perca 
AOC populations, but perch from Maryland have a (Pisces: Percidae). Unpublished M.S Thesis, 
preponderance of haplotype 13 (Moyer, 1998), which Southern Iilinois University, [linois. 
is different from all other populations except the Nei, M., and F. Tajima. 1981. DNA 
Pennsylvania population. This haplotype may polymorphisms detectable by _ restriction 
represent a unique haplotype that corresponds to the endonucleases. Genetics 97:145-163. 
AOC refugium, and analysis of populations from Richard, C. 1994. Cloning and characterization 

south-eastern United States may provide more of a transposable element from Streptococcus suis. 

evidence of an Atlantic coastal refugium haplotype. Unpublihed M.S. thesis. Murray State University, 

We also provide genetic support for a post- Kentucky. 
glacial outlet (contact zone) between the two refugia. Todd, T.N., and C.O. Hatcher. 1993 Genetic 
Evidence for this observation is found in the Tioga variability and glacial origins of yellow perch (Perca 
River (Pennsylvania) population, which is a tributary flavescens) in North America. Canadian Journal of 
of the east branch of Susquehanna River. This Fisheries and Aquatic Sciences 50:1828-1834. 
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STRUCTURE AND DYNAMICS OF AN UNEXPLOITED YELLOW PERCH POPULATION 

Brian C. Niewinski, Pennsylvania Fish and Boat Commission, 1735 Shiloh Road, State College, PA 16801, USA, 
bniewinski(@state.pa.us, and C. Paola Ferreri, School of Forest Resources, Pennsylvania State University, University 
Park, PA 16802, USA. 

Introduction. The yellow perch (Perca flavescens) MS-222. To estimate fecundity, the ovaries were 
is one of the most popular sport and commercial removed and weighed after removing excess water by 
fishes in North America. In the Great Lakes, for blotting on a piece of filter paper. One-gram sections 
example, 36% of over 2 million anglers who fished in were removed from the anterior, middle, and 
1996 targeted yellow perch (USDOI 1997). posterior parts of the ovaries from each fish. To 
Although a wealth of information has been published estimate fecundity, the numbers of eggs in the one- 
about yellow perch, little is known about unexploited gram sections were counted and the total was 
yellow perch populations. In general, studies of extrapolated to the total weight of the ovary. The 
unexploited populations are prized rarities in fishery mean number of eggs and the range of eggs produced 
literature (Ricker 1979). Studies of unexploited for fish in each 25-mm length group were also 
populations can provide fisheries managers and estimated. 
researchers with baseline information with which to Instantaneous total mortality (Z) was estimated 
compare data from exploited fish populations. The for the entire population as well as for males and 
unique opportunity to examine an unexploited females separately from the slope of the descending 
population of yellow perch exists in the Pymatuning limb of the catch curve (Ricker 1975). Only age 
Sanctuary, Crawford County, Pennsylvania. The groups in which five or more fish were collected 

: Pennsylvania Fish and Boat Commission (PFBC) were included in the regression. The 95% confidence 
manages the Sanctuary primarily as a valuable source intervals were calculated using the standard error of 
of walleye (Stizostedion vitreum) broodstock, thus the the slope. 
Sanctuary is closed to all fishing activities. Our goal Results. Of the three structures evaluated for 
was to describe the structure and dynamics of the estimating ages of yellow perch in the Pymatuning 
unexploited yellow perch population in the Sanctuary, we found otoliths to be the most precise. 
Pymatuning Sanctuary. Ages assigned by two independent readers using 
Methods. Yellow perch were collected in the otoliths agreed 96% of the time. Paired t-tests 
Pymatuning Sanctuary during 1997 and 1998 using indicated no significant differences between the ages 
trap nets and boat electrofishing gear. Three hard assigned by two readers using each structure (P > 
structures (scales, otoliths, and dorsal fin spines) 0.05). Using otolith ages as a benchmark, ages 
were used to determine the age of yellow perch. assigned using dorsal fin spines were more precise 
Scales, dorsal fin spines, and sagittal otoliths were (CV = 5.21%) than ages assigned using scales (CV = 
removed from 107 yellow perch; the three structures 9.91%). Otoliths were the best structure to use for 
were prepared and examined by two readers determining yellow perch age as evidenced by high 
(Niewinski and Ferreri 1999). reader agreement. However, we found that scales 

In October 1997, 178 yellow perch were could be used to adequately describe the age structure 
collected using electrofishing gear to determine age of yellow perch populations (Niewinski and Ferreri 
at first maturity. Fish were euthanized using an 1999). 
overdose of MS-222, dissected in the laboratory, and ~ The age and size structures of this unexploited 
the gonads were examined. Fish were determined to yellow perch population were markedly different 
be mature or immature based on the condition of the between males and females collected in the spring on 
gonads as described by Treasurer and Holliday the spawning grounds (Figure 1). Most males 

| (1981). Ages were assigned using scales and sex- collected were between one and three years of age 
specific age at first maturity was determined. Mean and between 90 and 150 mm total length, while most 
length at maturity for males and females was also females were three to five years of age and between 
calculated. 280 and 360 mm long. 

From March 20-29, 1998, immediately prior to Most male yellow perch (70.5%) were mature by 
the yellow perch spawning season, we collected 198 age | and all (100%) by age 2. In contrast, a few 
female yellow perch using four Pennsylvania-style (3.8%) female yellow perch were mature at age 1; 
trap nets to estimate absolute fecundity. Each fish with most (62.9%) becoming mature by age 2 and all 
was measured (total length in mm), weighed (nearest (100%) mature by age 3. Most males were mature at 
g), and scales were collected for age determination. a mean total length of 82 mm, while most females 
Ripe females were euthanized using an overdose of were mature at a mean total length of 152 mm. The 
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sex-specific survival rates indicated that male and 

ls ae female yellow perch survival was similar both within 

1997 | Female 2 years and between years. 
150 4 Male : Discussion. The current management of the 

on & Population| — Pymatuning Sanctuary, as a source of warmwater 

woo |. : broodstock for Pennsylvania, provided the unique 

im : : | opportunity to evaluate the structure and dynamics of 

ae an unexploited yellow perch population. In general, 
>. 50 A / . i we found that yellow perch in the Pymatuning 

5 A q L A | | | 2 Sanctuary are larger and older, compared to exploited 

5. cool Ai Ai Al A) Iai ii op oe : populations where many of the larger individuals _ 

& | 1998 : _ have been removed through fishing. In comparison 

150 : 2 to other yellow perch populations, males and females 

| 2 in the Pymatuning Sanctuary reached maturity 
400 A : : approximately one year earlier with 100% of males 

A A allt 2 becoming mature at age 2 and 100% of females 

50) A B | tou oa ep : becoming mature at age 3. Absolute fecundity 

A a 4 y ; oH : determined for this population was within the range 
oj Mai ah Lt AN eat edd LE of yellow perch fecundity found in other studies. As 

1 2 3 4 5&5 6 7 8 $ 1 expected, annual survival was higher for this yellow 
perch population than for those experiencing some 

Age level of fishing pressure. With these data now 

Figure 1. Age frequency of yellow perch collected available, fishery managers can compare unexploited 
| from the Pymatuning Sanctuary in the Spring of 1997 with exploited yellow perch populations to determine 

and 1998. Population includes all males, females, how fishing pressure may influence the structure and | ) 

and those yellow perch designated as unknown sex. dynamics of these populations. 
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LIFE HISTORY TRAITS OF THE PIKEPERCH Sander lucioperca (L.) INTHE SOUTHERN 
OUTSKIRT OF ITS DISTRIBUTION AREA 

Nicolas Poulet', Stéphane Forgeois’, Alain J. Crivelli?, Sovan Lek’ & Christine Argillier' 

Cemagref, 361, rue JF Breton BP 5095 34033 Montpellier Cedex France. ? La Tour du Valat, 13200 Arles, 

France. * LaDyBio, 118 route de Narbonne 31062 Toulouse cedex 4, France. christine.argillier@cemagref.fr 

Introduction. In 1948 the pikeperch colonised the between January and March 2000 and was estimated 
sandy Vaccareés lagoon, in the Mediterranean delta of by weighting 500 eggs to the nearest 1/10 mg in a 
the Rhéne River (Goubier 1972). Very few data are tarred water volume. As the weight of the eggs 
available about the life history traits of pikeperch in changed among month, its relation with the fork 

the southern part of its distribution area. Yet, such length was tested using a covariance analyse where _ 
information is crucial for the species management. the length was the covariable and the month the fixed 
We investigated growth, maturity, fecundity and the factor. Diet analysis was performed on 194 pikeperch 
diet of one of the Rh6ne delta population. caught between 1982 and 2002. The occurrence of 
Methods. The study area was located in the Rhéne each prey was registered. 
delta (Fig. 1), southern France (43°34 N, 4°34 E). Results. No growth difference between sexes was 
The Fumemorte canal collects water from a complex observed (ANCOVA, F,=1.28, p=0.26). Richards 
canal network spreading over 68 km7. It was shallow growth model was the best to fit pikeperch growth in 
(1 m), around 14 m wide and flowed into the brackish the Fumemorte canal, both sexes pooled (Fig. 2; 

Vaccarés lagoon. The salinity in the canal varied n=76, r=0.94; p<0.001). The estimated fork length at 
from 0.1 gl’ in summer to 5 gt! in winter depending 1 year was 258mm, 2: 404mm, 3: 568mm, 4: 689mm 
mainly on the agricultural activities. The water and 5 years: 747mm. The estimated L;,; was 779mm. 
remained highly turbid all over the year. The spawning occurred from mid-March to late 

, April, at a temperature of 12°C-15°C (Fig. 3). A 
A \ | sexual rest occurred in summer and the ovaries 

Q 5 10Km f A rt | maturation took place from September to March. 

a — on ¥ OG aN | 600 CA 

ZOE iter ee h Ea s ON, oe Ge |) ‘ ae 
= a: ba aye pel ae ely , \ 3 ! s ” oe ° 
ee ee ee M gn) 5 300 Wo 

oo ES Oe 200 4 Ko 

. A Age (Year) 
Figure _. The Rhone delta (the Camargu e). The Figure 2. Growth of the pikeperch fitted according to rectangle delimite the Fumemorte basin. the Rj 

e Richard growth model. 

Age readings were performed on scales and a a 
otoliths of 30 males and 46 females captured from 0. I 0 
2000 to 2002. The growth curve was fitted using the Cy | 
Schnute (1981) model which includes numerous a. 7 id 2 5 

historical models as special cases and the fitting was = [ome ® 
processed by non-linear regression based on the least z ° i 5s 
squared errors. Sexual cycle was determined by Ft E 
monitoring the Gonadosomatic Index (i.e. weight of ‘ br | " 
ovaries*100/total weight). Length at first maturity > 1 & 2 e , a 5 

individuals were mature using a logistic regression. pif = tte, pb 5 

Both sexual cycle and maturity were studied using Fj te 3 Mon thly  vnean ( SE) Gonadosomatic 
pikeperch collected since 1982 (more than 300 fish). sists = 

The fecundity was measured on 17 females captured Index development (bars) and monthly mean (+ S.E.) 
temperature between 1988 and 2000 (solid line). 
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Fifty percent of the males reached their sexual location: summer water temperatures at this latitude 
maturity at 246mm (11 months) and 50% of the are Close to the pikeperch physiological optimum (i.e. 
female at 322mm (18 months) (Fig. 4). The smallest 27°C, Hokanson 1977). Thus 0+ become piscivorous 
mature male and female were 215mm and 242mm early which speeds up their growth. The age at first 
long respectively. maturity was also among the earliest reported but the 

————— usual difference between males and females was still 
100 - ce sssccesceccee—o 0-0-0004 observed. As for growth, the acquisition of the sexual 
8 o maturity probably depended on the latitude: earlier 
375. ey maturity is related to fastest growth rate at lower 
s / i latitudes (Lappalainen et al. 2003). The power 
é ° i function fitting the absolute fecundity and length was 
s i congruent with an early sexual maturity (Zivkov & 
5 i Petrova 1993). Smaller females had a greater relative 
2° f | fecundity which was seldom observed for this species 

ae Sremae | (Lappalainen et al. 2003). This may be due to the 
" a ane short lifespan of the pikeperch in the Fumemorte 

Fork length (mm) canal bringing the females to express their full 
Figure 4. Length at first maturity of the male (solid fecundity potential at their youngest age. However, 
line) and the female pikeperch (broken line). older females displayed heaviest eggs: this is 

commonly observed for teleost fish. Further data on 
The mean relative fecundity was 255412 (4 16710) fecundity and egg size would be necessary to confirm 

eggs/kg. The absolute fecundity increased these results. In the Fumemorte canal, adult pikeperch 
significantly with the fork length according to a fed on fish but also on shrimp. Sandsmelt and mullet 
power function (n=17, r°=0.77, p<0.001), while the were only abundant in winter. Nevertheless, other 
relative fecundity decreased significantly according species abundant all over the year also provide 
to a linear function (n=17, r’=0.46, p=0.002) (Fig. 5). suitable preys. This fact associated with the low 
The egg weight (n=17, mean=0.53mg + 0.06) density of pikeperch could explain why no 
increased significantly with the fork length cannibalism occurred. Environmental conditions in 
(ANCOVA, F\=9.8, p=0.008). the Rhone delta bring the pikeperch to adapt its life 

soo «sg history traits thereby proving its plasticity. 
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[Absolute | 50 Hokanson, K.E.F. 1977. Temperature requirements 
0 , io Relative | of some percids and adaptations to the seasonal 
ee roniengthiony temperature cycle. Journal of the Fisheries Research 

Figure _5. Regression of absolute (solid line) and Board of Canada 34: 1524-1550. 
relative fecundity (broken line) on the fork length. Lappalainen, J., Démer, H. & Wysujack, K. 2003. 

Reproduction biology of pikeperch (Sander 
On 194 stomachs investigated, 107 were full and lucioperca (L.)) - a review. Ecology of Freshwater 

89.7%, 11.2% and 2.8% contained fish, crustacean Fish 12; 95-106. 
and other preys, respectively. Among the 64 Schnute, J. 1981. A versatile growth model with 
stomachs displaying identifiable species 58% statistically stable parameters. Canadian Journal of 
contained Atherina boyeri, 19% shrimp and 14% Fisheries and Aquatic Sciences 38: 1128-1140. 
Mugil spp. Other species as Lepomis gibbosus, Zivkov, M. & Petrova, G. 1993. On the pattern of 
Carassius gibelio, Alburnus alburnus, Abramis spp. correlation between the fecundity, length, weight and 
and Pseudorasbora parva were also found. No age of pikeperch Stizostedion lucioperca. Journal of | 
cannibalism was observed. Fish Biology 43: 173-182. 
Discussion. The growth of the pikeperch in the 
Fumemorte canal was one of the fastest observed for 
this species. This might be due to the geographical 
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IMPACT OF ZANDER STOCKING ON PERCH AND PIKE IN A MESOTROPHIC LAKE. 

Torsten Schulze’, Uli Baade, Hendrik Dorner’, Reiner Eckmann’, Susanne Haertel'*, Christian Helms', Franz 
Holker’, Thomas Mehner', 1 Department Biology and Ecology of Fishes, Leibniz-Institute of Freshwater Ecology 
and Inland Fisheries, P.O.Box 850 119, 12561 Berlin, Germany, Torsten.Schulze@IGB-Berlin.de, 2 University of 
Konstanz, Department of Biology, Limnological Institute, 78457 Konstanz, Germany 

Introduction Top down control of pelagic food 1.00 Perch 
webs was assumed to be strongest in mesotrophic 99 
lakes but empirical evidence to support this assump- 
tion is rare. To compare the interaction intensity Lu B3333; 
within pelagic food webs in a mesotrophic lake be- a 
fore and after manipulation of the piscivorous level, 2 55 
the pelagic and night active species zander (Sander ® oo P| lucioperca (L.)) was additionally stocked into a lake E —— 
inhabited by perch (Perca fluviatilis L.) and pike 
(Esox lucius L.). By comparison of feeding pressure 0.00 
and habitat choice of fish in the period before 
(1997/98) and after zander stocking (2001/02), the 0.03 4 Pike 
response of ecosystem structure was investigated. In 
this work first results of the influence of zander in- 
troduction on the ecology of the perch and pike popu- a 3 

- lations is presented. A; 7 
Methods. Mesotrophic Lake GroBer Vatersee (12 S 
ha, max. depth 11.5 m) is situated in north eastern = 
Germany. In 1997/98, roach (Rutilus rutilus (L.)) and —— 
perch were the dominant non-predatory species 
(Haertel et al. 2002). Predatory fish were pike and 0 ne 
large perch. Population estimates from mark- 
recapture surveys in 1998 for pike and perch were 0.20 Zander 
156 kg and 96 kg, respectively. Fish were caught by 21 
electric fishing in both periods and with gill nets in wu S55337 3 
the with-zander period. Mesh sizes used were 25, 32, =~ paate 
40 and 50 mm. Nets were set at day, twilight and 2 21 Se night and different depths. In both periods stomach © 
contents were obtained by stomach flushing. Prey E Soe ee 
biomass was recalculated from stomach remains. To P| 
double the biomass of piscivorous fish and to intro- 0.00 
duce a pelagic and night active predator, 719 (182 day twilight night 
kg) and 301 (100 kg) age-2 zander (mean total length 
31 + 4 cm standard deviation) were stocked in spring Figure 1. CPUE (numbers) in gill nets set at differ- 2001 and 2002, respectively. ent depths of perch, pike and zander in Lake GroBer 
Results. During the zander-free period it was found Vatersee in 2002.23 surface, J 3m, 6 m, M8 m,. 
that pike were mainly restricted to the littoral zone Figures above columns indicate fishes caught. Please 
throughout the whole day. Perch were mainly found notice differences in y-axes scale. 
in the pelagic area during day and were inactive dur- 
ing night. From 45 perch caught during daytime, 88% habitats. During twilight, CPUE in the surface net 
were caught in the pelagic zone. After stocking with was low. CPUE of zander was highest during twilight 
zander, pike still inhabited the littoral zone. Results and zander were also caught at night. During twilight 
from gill net catches showed that pike were most CPUE was generally highest at depths more distant 
active during day but catch per unit effort (CPUE) from the shoreline. 
was low (Figure 1). No pike were caught at night. Stomach contents of perch (wet weight) was After stocking with zander, CPUE of perch was high- dominated by roach and Orconectes limosus during 
est during day and no perch were caught at night. the zander-free period (Figure 2), whereas perch was CPUE were similar for all depths during daytime rarely eaten. In response to zander stocking, there 
indicating that perch were evenly distributed in all was a shift in prey dominance of piscivorous perch 
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riod, dominant prey were perch and other fish spe- 

eh 279 220 cies. Zander fed mainly on perch and cyprinids. 

Y LLL Sess Discussion. In the present study, clear changes in 

Yj habitat choice of perch and in the diet of perch and 
YY — pike have been observed in response to stocking with 

50 a | a night-active pelagic predator. In contrast, no 
pS Vaud | changes in pike activity and habitat choice became | 

visible. This may support the assumption that compe- 
HNL aa tition by introduced zander was stronger on the pe- | 

0 WU lagic piscivorous perch than on the more littoral liv- 
ing pike. 

@ Roach i Perch Diet composition of pike and perch showed a 
Unid. & oth. fish 00. limosus decrease in the proportion of roach and O. limosus 

f) Chaoborus Other inv. and an increase in perch and Chaoborus. The antago- 
nistic shift between roach and perch may reflect a 

Pike 281 73 change in habitat choice of roach. Whereas roach 

were exclusively caught in the littoral zone during the 
00 LL Yy Eee zander-free period at daytime, at night more than 

a Z, ey 90% of roach were caught in the pelagic zone 
— oy (Haertel et al. 2002). A different image was found 

_ 50 Res | during the period after zander stocking (Dérner, un- 
3S WM rr | published data). In those years, roach showed a less 

c | ry | clear diel pattern of habitat choice and was found 

, 2 HT both in the pelagic and the littoral zone during night. 
5 0 | During day, however, roach was still caught at high 
S .; proportions in the littoral zone. Much lower pelagic 
BS = Roach wy Perch @ Other fish CPUE of roach in this period as compared to 1997 

Unid. Fish OO. limosus & Chaoborus and 1998 is caused by a behavioural response of the 
Other inv. roach population as abundance of roach has not se- 

verely altered between both periods. This indicates 
Zander 72 that behaviour of roach was altered by the nightly 
100 mo activity of zander in the pelagic. Furthermore, a 

simulation with an individual-based model revealed 
RRAA that roach consumed pelagic plankton prey to a much 

lower extent if diel migrations were stopped (H6lker 

50 | || et al. 2002) which is expected to impact substantially 
we the whole pelagic food web. The trophic changes in 

response to zander stocking will be analysed by 
0 nnael means of a bioenergetic model and mark recapture 

data to address whether the trophic interactions are 
N ww N ww indeed strongest at meso-trophic conditions. 

. ZANDER-FREE  WITH-ZANDER Acknowledgements. The study was financed by the 

@ Roach Cyprinids 2 Perch German Research Council (DFG, EC 146/2-1+2 and 

1 Other fish I Unid. fish ME 1686/4-1+2). 
References. Haertel, S., Baade, U., and Eckmann, R. 

Figure 2. Composition of stomach contents by num- No general percid dominance at mesotrophic lake 
bers (N) and by wet weight (WW) for 'zander-free' conditions: msights from the quantification of preda- 
and 'with-zander period’. Unid.= unidentified; Oth= tor-prey interactions. 2002. Limnologica 32, 1-13. 

other. Inv.= invertebrates. Figures above columns Holker, F., Haertel, S., Steiner, S., and Mehner, 

indicate numbers of stomachs analysed. T. Effects of piscivores-mediated habitat use on 
growth, diet and zooplankton consumption of roach: 

towards strong cannibalism on YOY perch. In addi- an individual-based modelling approach. 2002. 

tion, O. limosus was largely replaced by Chaoborus. . Freshwater Biology 47, 2345-2358. 

Pike fed mainly on roach and other fish species 

except for perch and O. limosus during the zander- 
free period. In contrast, during the with-zander pe- 
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RISK ANALYSIS AND GENETIC IDENTITY OF THE EURASIAN SOURCE POPULATION FOR THE RUFFE (Gymnocephalus cernuus) INVASION IN THE GREAT LAKES 

Carol A. Stepien, Alexander M. Ford, Alison K. Dillon-Klika, Great Lakes Environmental Genetics Laboratory, Center for Environmental Science, Technology and Policy, Cleveland State University, MC 219, Euclid Ave., Cleveland, OH 44115, USA. c.stepien@csuohio.edu, and Mark A. Tumeo, Vice Provost for Research, Cleveland State University. 

Introduction. Risk analysis methodology, coupled Petersburg, Russia (site 6, N=15), and the Ob' River 
with the genetic characterization of invasive and at Novosibirsk, Siberia, Russia (site 7, N=12). 
potential source populations, may allow scientists and Collections from North America included three 
managers to predict the spread patterns and successes sites off Lake Superior, representing the initial North 
of nonindigenous species invasions. In this study, we American introduction (Fig. 1): the St. Louis River, 
compare nuclear and mitochondrial DNA sequence MN (site 8, N=4), Superior Harbor, WI (site 9, 
data from potential source populations in relation to N=12), and the Amnicon River, WI (site 10, N=10). 
the original colonization and spread sites for the Individuals also were examined from the Thunder 
Eurasian ruffe Gymnocephalus cernuus. The mffe Bay River, a tributary of Lake Huron at Alpena, MI 
colonized the western Lake Superior region of the (site 11, N=6), as well as from Little Bay de Noc in 
North American Great Lakes (Fig. 1) during the mid- Lake Michigan at Green Bay, WI (Site 12, N=3). 
1980s, after its accidental introduction via shipping 
ballast water discharge from one or more unknown — —k TF 
Eurasian source populations. The ruffe is now an Ee a Aang dF 

. as, er abundant nearshore benthic fish in western Lake So Nee Oey es 
Superior. During the early 1990s, it spread rapidly Se ta, eee bo 
eastward along Lake Superior’s southern shore and oer AD, cups | ON since then slowed in range progression, contrary to em On PRR ef. : predictions by some fishery scientists. Shipping : ae Ore? Some traffic also was the likely vector for the ruffe’s 1992 a a we | > SS Ee 
introduction 300 km ne to Thunder Bay Harbor, EE) 2 Lite? 
Canada as well as its 1995 establishment in Lake vy Da 
Huron at Thunder Bay River, near Alpena, MI (site en ten ee 
11, Fig. 1). In 2002, it appeared in Little Bay de Noc 
of Lake Michigan near Escanaba, MI (site 12, Fig. 1). 

The potential North American range of the ruffe Figure 1. North American range of the ruffe (X), 
originally was predicted to extend from the Great with numbered collection sites in circles. 

outcompete the yellow perch Perca flavescens Ge a Ae 

invasive populations in Eurasia and North America, © eee eee Ne based on nuclear DNA sequences of the LdhA6 mow du | OO 

patterns. erwin 

Methods. Ruffe were sampled from seven Eurasian Figure 2. Eurasian collection sites for ruffe. population sites (Fig. 2), including: the Danube River 
at Gabcikovo, Slovakia (site 1, N=13), the Morava Methodology for DNA extraction, PCR 
River, Czech Republic (site 2, N=8), the Elbe River amplification, and DNA sequencing of the mtDNA near Magdeburg, Germany (site 3, N=1 1), control region followed Stepien et al. (1998). Bassenthwaite Lake, United Kingdom (an invasive Procedure for the sixth intron of the nuclear muscle- 
location; site 4, N=12), Loch Lomond, Scotland type lactate dehydrogenase A (LdhA6) locus (another invasive location; site 5, N=12), St. . followed Quattro and Jones (1999). Sequences were 
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run either manually (Stepien et al. 1998) or on a Discussion. The genetic composition of the 

Beckman-Coulter CEQ 8000 capillary autosequencer nonindigenous introduction of ruffe in the Great | 

separately in both dieitions "Data analysis Of Lakes matches that fom the Elbe River drainage 
joining trees in the programs Mega 2.1 using Kimura region in nw Europe (which empties into the Baltic | 

2-parameter genetic distances and maximum and North Seas) for both nuclear and mitochondrial 

parsimony using the branch-and-bound algorithm in DNA sequences. All later colonization areas in the 

PAUP*, each with 1000 bootstrap replications. Great Lakes appear to stem from the original 

Distributions of haplotypes among sites and genetic introduction in the St. Louis River region of Lake 

divergences were analyzed with the programs Superior. There thus appears to have been a single 

AMOVA in Arlequin 2.1 and Genepop. colonization source for the introduction, from the 

Results. ‘The mtDNA control region of ruffe and its vicinity of the Elbe River. Ports on the Elbe River 

congeners comprised 1,024 bp. Sequences were increasingly opened to shipping traffic with North 

deposited in GenBank as Accession Numbers America preceding the 1990 reunification of 
AF025355-62. Ruffe had 5 different haplotypes (A- Germany, coinciding with the time of the 

E), and all population sites contained only a single anthropogenic introduction of the ruffe. This | 

type - except for the Ob’ River, which had two (D population may be better pre-adapted to the 

and E) (Fig. 3). All samples from the Great Lakes temperatures and other environmental conditions in 

were haplotype A, matching ruffe from the Danube, the upper Great Lakes, and less well suited to habitats 

Morava, and Elbe Rivers. Haplotypes from western in the lower Great Lakes — which should be further 

and central E urope (A and B) were widely diverged analyzed. As in our genetic studies of the dreissenid 

from those in northern Eurasia (C, D, and E). mussel and round and tubenose goby invasions in the 

Great Lakes, the new ruffe population has a similar 

level of genetic variation to the founding population, 

4. N America, Danube indicating that a large number of individuals were 

Morava, & Elbe Rivers introduced and there was no apparent “founder 

G. cernuus 8 Bassenthwaite Lake effect”. Risk analyses suggest that founding success 

99/86 & Loch Lomond may increase with introduction of large numbers of 

‘00188 C St Petersburg individuals representing the “normal” amount of 

oes D Ob’ River genetic variation in native populations. Relatively 

g4 LE Ob' River slow spread may be due to the introduction of a 

G. baloni single source population and ballast control efforts. | 
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The nuclear DNA LdhA6 intron for ruffe and its Stein, M. Bumham-Curtis, J. Selgeby, and the 

congeners comprised 198 bp and were deposited as Biological Resources Division of the US Geological 

Accession numbers A Y034781-3 in GenBank. This Survey for specimens. We also thank E. Whippo- 

nuclear intron was significantly more variable than Cline for logistic support. 
mtDNA, having 16 different haplotypes. Each References. Busiahn, T.R. 1993. Can the ruffe be 

sampling location housed 3-7 LdhA6 haplotypes. contained before it becomes your problem? Fisheries 

Three haplotypes occurred in the North American 18: 223. 

Great Lakes, and did not significantly differ in their Stepien, C.A., A.K. Dillon, and M.D. Chandler. 

representation among those sites. The Elbe River also 1998. Genetic identity, phylogeography, and 

contained only 3 haplotypes identical to those in the systematics of ruffe Gymnocephalus in the North 

Great Lakes, in statistically similar frequencies. One American Great Lakes. Journal of Great Lakes 

haplotype was only found in North America (24% of Research 24: 361-378. 
samples) and the Elbe River (27%). Samples from Quattro, JM. and W.J. Jones. 1999. Amplification 

other Eurasian sites significantly differed from those primers that target locus-specific introns in 
in the Great Lakes and the Elbe River. Actinopterygian fishes. Copeia 1999, 191-195. 
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AN ANALYSIS OF GENETIC RISK TO A NATIVE SPAWNING STOCK OF WALLEYE Sander vitreus 
DUE TO STOCKING IN CATTARAUGUS CREEK 

Carol A. Stepien, Clifford D. Taylor, Great Lakes Environmental Genetics Laboratory, Center for Environmental 
Science, Technology and Policy, Cleveland State University, MC 219, Euclid Ave., Cleveland, OH 44115, USA. 
and Donald Emhouse, New York Department of Environmental Conservation. c.stepien@csuohio.ed 

Introduction. Prior to the last 3 years, a substantial Beckman CEQ 8000 capillary autosequencer. We 
native spring spawning run of walleye Sander vitreus analyzed sequence from entire 1200 bp of the 
(Stizostedion vitreum) was unknown in Cattaraugus mtDNA control region in comparison with our data 
Creek — an eastern Lake Enie basin tributary whose base of 400 walleye from the Great Lakes. 
mouth is near a native walleye spawning ground in Neighbor joining trees and maximum parsimony 
Van Buren Bay — due to the remote location of these analysis of relationships among haplotypes, including 
grounds belonging to the Seneca Nation. Believing comparison to sauger S. canadense were constructed 
that there was no native walleye run but that the with MEGA2 and PAUP*, and _ support for 
habitat was suitable, the New York Department of relationships was compared with 1000 bootstrap 

Environmental Conservation (NYDEC) | stocked replications. Hierarchical analysis of variance using 
Cattaraugus Creek with about 2.2 million 1-3 day-old AMOVA in Arlequin examined divergence among 
fry and 44,000 fingerlings from Maumee River spawning sites and population groups. 
(western Lake Erie) run origin hatchery fish per year Results. AMOVA hierarchical Fs57 analyses showed 
from 1995-2000. Genetic data from our laboratory significant differences among all spawning sites 
showed that walleye spawning in Lake Erie tested in Lake Erie (including those shown in Table 1 
tributaries and reefs are genetically divergent, and Fig. 1). Results revealed that the original 
suggesting spawning site philopatry- i.e., return to spawning population in Cattaraugus Creek is very 

natal areas (Stepien and Faber 1998). The NYDEC genetically diverse, with many unique haplotypes and 
then discovered a substantial native stock return in significantly diverged from the other spawning sites 
Cattaraugus Creek, estimated as 2000-4000 tested (Fig. 1 and Table 1). However, there was no 
individuals. The present study tests the degree of significant difference between the _ genetic 
genetic diversity and divergence of the original compositions of Cattaraugus Creek older versus 
spawning stock, using older walleye in comparison to younger individuals. 
the nearby spawning group in Van Buren Bay. We Discussion. The native Cattaraugus Creek spawning 
then compared the genetic composition of the older stock is very genetically diverse and should be 
fish with younger individuals (age 2-4), which are maintained. It is likely that the history of exploitation 
unknowns that may represent either stocked pressure 1n this spawning habitat area has been light, 
individuals and/or the offspring of the original leading to the preservation of high genetic variability 
individuals. to date. The genetic composition of the native Catt 
Methods. Fin clips from spring spawning run Creek population is very different from the nearby 
walleye were collected by Ohio Division of Wildlife population spawning in Van Buren Bay. Recent 
from the Maumee River (the source for the hatchery spring returns in Catt Creek are not significantly 
stock), the Sandusky River. NYDEC collected genetically divergent from the older returns. There is 

spawning run walleye from Cattaraugus Creek in the no indication that stocking efforts significantly 
eastern basin of Lake Ene (including older influenced the native Cattaraugus Creek walleye 
individuals, ranging from 7 to 20 years old by otolith group. 
rings) and younger individuals. We compared 25 old Acknowledgements. This study was supported by 
(pre-stocking) versus 20 young (stocked and non- the NOAA Ohio Sea Grant Program, the Lake Erie 
stocked individuals). We also compared a nearby Protection Fund, and the CSU Risk Analysis Program 
population (Van Buren Bay) and the stocking source We also thank K. Kayle, R. Knight, and E. Roseman, 
population (Maumee River). for specimens. E. Whippo-Cline, M. Tumeo, J. 

We analyzed sequence from entire 1200 bp of the Reutter, and J. Busch provided logistic support. 
mtDNA control region in comparison with our data Reference 
base of 400 walleye from the Great Lakes. DNA was Stepien, C.A. and J.E. Faber. 1998. Population 

extracted and purified with a Quiaquik kit. The genetic structure, phylogeography, and spawning 
; philopatry in walleye (Stizostedion vitreum) from 

entire mtDNA control region was PCR amplified mtDNA control region sequences. Mol. Ecol. 
| following Stepien and Faber (1998). PCR products 7:1757-69. 

were purified using an Exosap kit and sequenced 
separately in both directions for verification on a 
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Fig. 1. (above). Neighbor-Joining tree of relationships among mtDNA control region haplotypes of walleye from 
spawning sites in Lake Erie based on 400 individuals analyzed (Mega 2.1). Numbers at nodes represent support 
from 1000 bootstrap replications. A unique type from the Ohio River (Stepien and Faber 1998) and its sister 
species, the sauger S. canadense are shown at the base of the tree, for comparison. Nodes with relatively high 
bootstrap support also were supported by maximum parsimony analyses in PAUP*. 

Table 1. (below) Distribution of mtDNA control region haplotypes among Lake Erie spawning sites examined. 
Haplotype 7 22 Unique} Unique} Unique 

Catt. Van | Maumee 

Creek | Buren | River 

Catt. Creek 3 1 2 1 1 2 1 1 9 
Old 14.2% | 4.8% | 9.5% | 4.8% 1 4.8% 1 9.5% 14.8% 14.8% 42.7% 

Catt. Creek 1 4 2 2 1 1 4 3 
Young 5.6% § 22.2% 11.1% 311.1% Ff 5.6% 15.6% 22.2% 16.6% 

Van Buren 1 4 20 2 7 3 4 13 6 
Bay 1.7% | 6.7% 933.3% | 3.3% 11.6% 5% | 6.7% 421.6% 10.0% 

Maumee 14 12 3 1 4 1 2 8 11 5 
River 23.% 919.6% | 4.9% 7 1.6% | 6.6% 11.6% 13.3% 13.1% § 18.1% 8.2% | 
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LONG-TERM TRENDS IN THE TIMING OF THE SPAWNING SEASON OF EURASIAN PERCH (Perca fluviatilis) (N THE NORTH BASIN OF WINDERMERE, U.K. 

Ian J. Winfield, Janice M. Fletcher, Diane P. Hewitt, and J. Ben James, CEH Windermere, The Ferry House, Far Sawrey, Ambleside, Cumbria LA22 OLP, UK.., 1jw@ceh.ac.uk. 

Introduction. As in many fish taxa, the seasonal addition, only data from a 6 week period during each timing of spawning in percids is controlled by a year were used in the present analyses. Such data number of exogenous factors including photoperiod, most commonly ran over weeks 17 to 22 (30 years) substrate conditions, water level and velocity, social or from weeks 18 to 23 (20 years), or less frequently interactions and, particularly, water temperature from weeks 16 to 21 in 1985 and 1997 to 2003 (8 
(Craig 2000). Indeed, many studies in Europe and years). These data were used to calculate for each North America have demonstrated significant effects year the week of the peak catch of perch and the of annual variations in lake temperature on spawning week by which 50% of that year’s total perch catch 
in Perca specie s in particular. had been recorded. The latter parameter provides a Given this established dependency on more stable description of the timing of spawning temperature, there is a clear potential for percid each year and was so subjected to statistical spawning time to be impacted by climate change. evaluation including regression on the mean However, assessment of such hypothesised impacts temperature of weeks 1 to 15, i.e. the period before requires appropriate environmental and population spawning. 
datasets of long duration. To date, among lake fishes The above analysis is potentially complicated by such analyses have been performed only for an changes in spawning time arising from demographic esocid (pike, Esox lucius) and a cyprinid (common changes within the perch population since 1946, 
bream, Abramis brama) in Lake Peipsi, Estonia, during which time length frequency distributions, sex where the beginning of spawning was found to have ratios, disease prevalence and population abundance advanced by 6 and 8 days, respectively, between have changed dramatically (Le Cren 2001: CEH 
1952 and 1996 (Ahas 1999). Windermere, unpublished data). In an attempt to Many physical, chemical and biological features reduce the impact of such variations, the above of Windermere, U.K., where a major component of analyses were repeated for only mature male perch in the fish community is the percid Eurasian perch the size range of 100 to 150 mm total length. (Perca fluviatilis), have been intensively studied Results. Over the period from 1946 to 2002, the since the early 1930s, resulting in an extensive array mean annual temperature of Windermere showed of datasets very suited to addressing issues of climate considerable variation but also a clear increase change. The objectives of this study were to use two (Figure 1). The latter was evident from the late of these datasets to determine if there has been any 1980s onwards, resulting, for example, in the mean 
long-term trend in the seasonal timing of spawning annual temperature of 11.31? C (SE 0.18° C) in the by perch in this lake, and if so to investigate if such 1990s being significantly higher than that of 10.36° C change can be related to water temperature. (SE 0.1% C) in the 1950s (t test; t = 3.66, df=18, 
Methods. Windermere (54° 22'N, 2° 56' W; surface p<0.01). 
area 14.8 kn; maximum depth c. 64 m) is elongate 
in shape and composed of north and south basins 
separated by a narrow area of shallows. While the 3 
south basin has been subjected to considerable o 
eutrophication, the north basin has shown only slight 212 
elevations in nutrient levels since the 1940s (CEH é 
Windermere, unpublished data). Perch is the = 
dominate littoral species throughout the lake, = " 
although its population dynamics in the two basins e 
are discrete (see Le Cren 2001). = 10 

Inshore surface water temperature was recorded 3 
c. daily from 1933 to the present and used to 9 
calculate an annual mean from 1946 to 2002 and a 1940 1950 1960 1970 1980-1990 «2000-2010 mean for weeks | to 15 of the year from 1946 to | Year 
2003. Perch were trapped annually for a period of at 
least 6 weeks on a number of spawning grounds in Figure 1. Mean annual water temperature from 1946 both basins of the lake from 1946 to the present. to 2002 of Windermere, U.K. 
Traps were lifted at 1 week intervals and all catches 
were enumerated, measured and sexed. Further Long-term patterns in the timing of perch sampling and processing details are given in Le Cren spawning as indicated by both week of peak catch 
(2001). and week of 50% catch largely mirrored that of mean For the present analysis, only trap data from the annual temperature, with both parameters advancing single north basin site of Green Tuft (National Grid earlier in the year and again with an apparent step 
Reference NY 374 019) were used in order to avoid change during the late 1980s (Figure 2). Assessing the south basin complications of eutrophication. In thesechanges for the week of 50% catch simply by 
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23 

21 from 1946 to 2003, although it explained only 18.6% 
3 20 of the variation observed in the latter parameter 
~ ie (Figure 3). For mature males in the size range of 100 

17 to 150 mm total length, the corresponding regression 

16 statistics were similar (ANOVA, r’=(0.208, Fy, 
1940 1950 1960 1970 1980 1990 2000 2010 56=14.733, p<0.001). 

Year Discussion. There has been a clear long-term trend 
in the timing of perch spawning in the north basin of 

23 Windermere over the period from 1946 to 2003, with 
22 all descriptors displaying a significant shift towards 

v o earlier spawning. In addition, the observed trend 

3 ig appears to be a step function with a transition in the 
18 1980s, rather than a simple linear function. The 
17 observed magnitude of this shift of 12 days is greater 
1 ano 1950 1960.~=«970~=«wNDS*«N890~=C«000~=SC«ON0 than those of 6 and 8 days reported by Ahas (1999) 

| for pike and common bream, respectively, although it 
Year must be noted that the present study was of greater 

Figure 2. Week of the year of the peak perch catch Soe ered with oe0 199. (1946 to 2003 
(upper) and week of the year by which 50% of that ; " 
year’s total perch catch (lower) was reached from tt Inverse correspondence potween the observes 
1946 to 2003. For both time series, mean values for patterns ve mean otabl “out cle rl. the fare 
the first half of the datasets are significantly greater a not pe ‘the vetual driv c of tt : “Vetter “ ecause 

than those for the second halves (see text). spawning is completed during the first half of each 
: ; year. However, the present initial analysis also 

Oreamins. ine (SE 01 4 weeks) eaves the mean of demonstrated that 18.6% of the observed variation in 

significantly greater than that of 18.83 weeks (SE anand a ean tie mariod Ee ar batons 
0” O01 ) pe ere ey 50. d an di=50, spawning. Given that the rate of temperature change, 
a 40 weeks (SE 0.22 weeks) an d 18.50 we eks (SE rather than simply the absolute temperature, has also 
0 77 weeks) res ectivel  @ d f 1.9 been shown to be an important determinant of perch 
weeks or 1} dave. For only mature sale perch in the spawning time (Craig 2000), it is remarkable that the 
size range of 100 to 150 mm_ total ‘length the simple approach adopted here was able to reveal a 

corresponding statistics were a mean of 19.83 weeks ene Ex relationsh Fe ovlationshaps poxPlanatory 

(SE f HS reeks) for a o 1974 which was timing of perch spawning and the rate of temperature 
O18 rear ) eo O75 t “003 (tt 102 5. prep ier increase in Windermere during the early weeks of the 
p<0 001) s Figures for such males ‘n the 19 50s an d year is a high priority of future work, as is extension 

1990s were 20.10 weeks (SE 0.28 weeks) and 18.40 or ihe present analysis to data from perch spawning 
or ks Orr reeks) respectively, i.e. an advance implications of the observed advances in spawning 
OF DL WEEKS OF ys. time for perch recruitment also remain to be 

3 addressed. 
Acknowledgements. Thanks to many colleagues, 

2 ° ° , past and present, for their help in the field and 
21 > «8 e8 ewe e laboratory. We are also grateful to the Freshwater 

~204e oe . e ec cscs e Biological Association for their joint stewardship of 
g these invaluable data. This work was funded by the 

19 ° _7 e@eee ° Natural Environment Research Council. 
18 ° oe eee ee References. Ahas, R. 1999. Long-term phyto-, 
7 ee ormitho- and ichthyophenological time-series 

analyses in Estonia. International Journal of 
16 Biometeorology 42:119-123. 

2 3 4 5 6 7 Craig, J.F. 2000. Percid Fishes: Systematics, 
Mean temperature of weeks 1 to 15 (°C) Ecology and Exploitation. Blackwell Science, 

Oxford. 352 pp. 
Le Cren, E.D. 2001. The Windermere perch and 

Figure 3. Mean temperature of weeks 1 to 15 of the ot . 
year and the week by which 50% of that year’s total pike project. Freshwater Forum 15:3-34. 

perch catch was reached from 1946 to 2003 
(ANOVA, 1°=0.186, F;.56=12.809, p<0.001). | 

Finally, there was a significant negative 
relationship between the mean temperature of weeks 
1 to 15 and the week of 50% catch over the period 
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COEXISTENCE OF THE EURASIAN PERCH (Perca fluviatilis) AND AN INTRODUCED POPULATION 
OF RUFFE (Gymnocephalus cernuus): AN 11 YEAR STUDY 

lan J. Winfield, Janice M. Fletcher, and J. Ben James, CEH Windermere, The Ferry House, Far Sawrey, Ambleside, 
Cumbria LA22 OLP, U.K., ij;w@ceh.ac.uk 

Introduction. Competitive interactions between 
Eurasian perch (Perca fluviatilis) and_ ruffe 100 ae a 
(Gymnocephalus cernuus) have been the subject of a & 80 oo Re WY WS 
number of experimental studies in the laboratory and 5 0 ~~ NG WARS 
field (e.g. Bergman & Greenberg 1994), although 5B © Ss NN NN NN 
relevant long-term observations of population 0 \ \\\SES\\\ 
dynamics are notably lacking. The need for such PL WR 1993 19941995, 19% 199719981999 2000 20012002 
population studies has increased in recent years due Year 
to the accidental introduction of ruffe to new water Sg 
bodies in its native Europe and in North America, 
with consequent concerns over impacts on native fish 
communities. 100 

A number of such introductions have occurred in 5 ") 
water bodies holding native perch populations in the O 40 O C 
wilke (Beon Tt im a ue of peters hve baiting Jor 20 ca RA a tant t 

| ike (£S0xX lucius), including the first recording ofthe 

ruffe in Bassenthwaite Lake in north-west England in DEIR IDE TRENDS NS TNT tome 19 2000 21 2000 
1991 (Winfield et al. 1996). This lake, from which Year 
removal fisheries are absent, has been subject to 
extensive monitoring since 1990, making it a - 
particularly appropriate site for the investigation of Figure 1. Percentage composition (by numbers, total 
the impact of introduced ruffe on perch, although the Sample size 316 individuals) of the fish community 
situation is complicated by the fact that the cyprinids and the catch-per-unit-effort (CPUE, number of fish 

: roach (Rutilis rutilus) and dace (Leuciscus leuciscus) per night per net) of the major fish species at one also have been recently introduced. inshore site in 1991 and 1995 to 2002. Abbreviations 
The objectives of this study were to examine the are as follows: Da, dace; Mi, minnow Phoxinus 

population biology of perch in Bassenthwaite Lake phoxinus), Pe, perch; Pi, pike; Ro, roach; Ru, ruffe; 
for any changes since the first recording of ruffe in Sa, Atlantic salmon Galmo salay; Tr, brown trout 

| 1991, and if such changes exist to investigate if there (Salmo trutta). 
is any evidence that they are the result of competitive oo 
interactions between these two species. abundance from 2% on their first detection in 1991 to 
Methods. The fish community of the culturally 33% im 2002. The relative abundance of roach 
eutrophic Bassenthwaite Lake (54° 39' N, 3° 13' W: declined from 53% to 18% over the same period, 
surface area 528 ha; maximum depth c. 19 m; mean with all other species consistently comprising no 
depth c. 5 m) was first assessed by autumnal more than 16% in total. Dace were first detected at 
overnight survey gill netting at 2 sites in 1991 and this inshore site in 1999, when they comprised 14% 
has subsequently been monitored using this technique of the community. The catch-per-unit effort of perch 
at these and three additional sites from 1995 to 2002. and ruffe increased over the Study period, while that 
Community composition by numbers and species of roach showed no consistent trend. — 
catch-per-unit-efforts (number of individuals per net The length frequency distribution of perch 
per night) were calculated for major species at a Showed a great increase in diversity between 1991, 
single inshore site (National Grid Reference NY 216 when it was extremely truncated with few individuals 
384} which had been consistently sampled in excess of 170 mm, and 2002 by which time a 
throughout the study. All fish sampled in this way series of discrete length classes was present and 
were subsequently identified, measured, weighed and individuals in excess of 250 mm were common 
a stratified sub-sample aged using the opercular bone. (Figure 2). 
Fish from all sites were used to produce length Growth curves (Figure 3) revealed that the frequency distributions and fitted von Bertalanffy restricted perch length frequency distribution in 1991] 
growth curves, although only those for perch are was the result of extremely poor growth, which 
presented here. subsequently increased greatly in rate and ultimate 

In addition, the diet compositions of perch, ruffe length to recover to the level previously recorded in 
and roach sampled by gill nets in May, July and 1986 by Mubamba (1989). Growth rate and ultimate 
September 1991 and June, July and August 1995 length peaked in the late 1990s, whereas perch 
were determined by numerical and frequency of sampled in 2002 showed the greatest longevity. 
occurrence methods. The diet of perch (46 to 163 mm, n=73) was 
Results. Over the study period, perch comprised dominated by Daphnia, with some Asellus and 
between 26% and 77% of the fish community by chirnomid larvae and pupae. In contrast, ruffe diet 
numbers (Figure 1), while ruffe increased in relative (56 to 144 mm, n=70) was dominated by chironomid 

larvae, with some chironomid pupae, Daphnia, 
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30 Neél The environment of Bassenthwaite Lake has also 

| _— r™ changed over the study period. Between 1991 and 

% 100 190 200280 3580 2002, the mean pnnual water temperature increased 

1s 28 significantly (r=0.387, n=12, p<0.05; CEH 

"| i Shee an Windermere, unpublished data) and Seechi depth 

ar 100 0208 SD showed a decreasing but non-significant trend 

Cs 1996 (r°=0.208, n=12, p>0.10; CEH Windermere, 

"| ny al ae unpublished data). The competitive balance between 

ep go noes perch and ruffe is known to be strongly influenced by 

rm 1997 environmental factors such that the observed trends 

nf » N= 129 in the abiotic and biotic environment of 

0 Bassenthwaite Lake are likely to have favoured perch 

Fenn om over ruffe. However, the changes were relatively 

j 20 Neils modest in extent and so are unlikely to have been 

‘la exclusively responsible for the dbserved dramatic 

” 100 su 209 250 ses increases in perch relative and absolute abundances, 

20 neo? growth rate and length diversity. 

«| Lia These changes in perch population biology 

‘0 tao 10 200280 MM 380 clearly show no signs of adverse impacts by the 

20 eee introduced ruffe population through competition or 

| i || any other means. Thus, the two percids are able to 

"'s 100 10 200250 M8 coexist in Bassenthwaite Lake even though the latter 

1" 2001 species now accounts for up to 53% of the inshore 

| le ee meres fish community. Moreover, he low diet overlap 

—— wo OCOSDSTSCSSS observed between the two species also refutes a 

2002 competition hypothesis. In contrast, diet overlap was 

“| is a Nene very high between perch and introduced roach due to 

0 common consumption of Daphnia. Competition for 

som Leet ae com oe cladoceran prey between the latter two species under 
eutrophic conditions often results in depressed perch 

Figure 2. Length frequency distributions (total populations. I is suggested that such a situation 

sample size 1380 individuals) of perch from all sites existed in Bassenthwaite Lake at the start of the 

in 1991 and 1995 to 2002. present study period, resulting in a depressed growth 
rate and truncated length distribution of perch. 

0 1998 During the later 1990s, competitive pressure from 

: 1997 2002 roach may have been reduced, allowing the recovery 

m sono of the perch to conditions shown in 1986 before the 
: 2001 . . . . 

199 significant development of introduced populations. 

= ™ - 1995 The immediate mechanism for this hypotheszed 

£ | LZ 1996 reduction in competitive pressure may have been a 

2 200 ike series of years of very poor or no roach recruitment 

5 4, EE (CEH Windermere, unpublished data), although the 

* 150 i , 1991 reason for this observed recruitment failure is 

; unknown. 

100 Ye Acknowledgements. Thanks to many colleagues, 

Y past and present, for their help in the field and for 

50 f= giving access to unpublished environmental data. 
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Figure 3. Growth curves (solid lines) of perch from 
all’ sites in 1991 and 1995 io 2002. The growth curve References. Bergman, E. and LA. ene 

in 1986 (data from Mubamba (1989)) is shown as a . ompe OO een oe ae 
broken line benthivore, and a species with ontogenetic diet shifts. 

Ecology 75:1233-1245. 

, Mubamba, R. 1989. The ecology of the 

Ase Me an ay benthos. une d by Oaphnia we ab coregonid fishes in the English Lake District. 

some chironomid larvae and filamentous algae. ae PhD thesis, University of Wales, 

Discussion. The fish community of Bassenthwaite Winfield. ry. D. Cragg-Hine, J.M. Fletcher, and 
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PIKEPERCH (Sander lucioperca) STOCKS AND FISHERIES IN GERMAN SOUTHERN 
BALTIC LAGOONS 

Helmut M. Winkler, Institute of Biodiversity Research (Zoology) University of Rostock, 
Universitaetsplatz 2, D-18055 Rostock, Germany, helmut.winkler@biologie.uni-rostock.de, and 
Joachim Gréger, Institute for Baltic Sea Fisheries, Federal Research Centre for F isheries, An der 
Jagerbak 2, D-18069 Rostock, Germany 

Introduction. Pikeperch (Sander ecologically isolated populations. Here, we 
lucioperca) has always been one of the most report on a study of the population structure 
important commercial fish species in and dynamics of the largest of the three 
lagoons and estuaries of the southern isolated pikeperch population to be found in 
German Baltic Sea where five larger more or the Darss-Zingst Bodden chain. 
less separated populations exist (Stettin Methods. We started our investigations in 
Lagoon, Peene River Estuary, Darss-Zingst the 1970s. Thus, the population structure, 
Bodden Chain, Jasmund Bodden, Lower migration pattern, growth, and feeding 
Warnow River) (Winkler and Thieme 1978). conditions have been studied for more than 
Differences in these populations are induced 30 years. The population data (length-age 
mainly by different feeding conditions, and compositions, length-weight relationships) 
thus are specifically linked to life history were collected from commercial landings 
traits such as growth, body condition, usually in spring and fall. Age has been 
fertility (Winkler 1991). Growth differences determined from scales. Here, we present 
lead to various patterns in the age structure preliminary results of a Pope's plain virtual 
of the related populations. population analysis method (VPA) in order 

The populations from the Stettin to estimate the fishing mortalities (F) and 
Lagoon and the Peene River estuary are stock size (N) from a subset of the 
more or less permanently mixed. These two commercial landings data of the years 1972 
populations show the fastest growth and also to 1989. By using these parameters we 
have the highest body condition as these are further derived the recruitment (R) at age 2, 
usually not restricted by food supply. Low the spawning stock biomass (SSB), the | 
salinities in adjacent offshore Baltic Sea exploitation rate (catch in kg devided by 
waters (< 10 PSU) allow some young of the SSB), and the yield per recruit. In order to 
year and older fish to feed offshore, leading initialize the VPA we estimated the natural 
them from shallower lagoons and estuaries mortality (M) beforehand, and derived 
to deeper areas of the open Baltic Sea. The terminal F values from a shorter period of 5 
other three stocks are more or less separated years. The model was run assuming either 
from each other by intermediate waters with higher or lower individual body weights to 
higher salinity (> 10 PSU), functioning as a illustrate the effect of interannual variations 
migration barrier. Consequently, these in the length-weight relationship. 
populations are strongly influenced by local Results and Discussion.The estimated 
situations such as food shortages as they are spawning stock biomass and the commercial 
not able to exploit additional food resources catch in numbers are shown in Figure 1. The 
outside their more or less enclosed brackish average population of adult pikeperch ranges 
home waters. Nevertheless, from the between 3 (1977) and 28.7 (1983) 
commercial perspective the highest individuals per ha. F varies between 0.224 in 
population densities, and hence the highest 1985 and 2.788 in 1980 and the yield per 
catches per ha, arise from these three recruit (average of age classes 3-7) between 
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0.022 and 0.5. Recruitment (in numbers per The exploitation rate for age 3-7 

age class 2) fluctuates widely (Figure 2). varies between 13% and 55%. A negative 

Recruitment has a negative correlation with trend of the exploitation rate was observed. 

SSB (lagged by one year). Thus, the years In relation to corresponding F values the 

with rich recruitment correspond to years of catch increases to a maximum, near F = 

low SSB values (Figure 2). 1.0.Higher fishing mortalities do not lead to 

Yield, SSB (ages 3-7) in kg higher exploitation rates. We have planned 

moe . to incorporate the commercial landings data 

5000 ng er individual for 1990 ‘to 2000 into the analysis. 
0000 y weight : 

Furthermore, we will create an ecosystem- 

soe dependent survey index by which the 

sooote SSB commercial landings can be calibrated. Our 

future perspective is to finalize all 

“ee calculations by using the ADAPT algorithm 

200000 | (advanced stochastic VPA) instead of the 

plain (deterministic) VPA. 
100000 Recrutment (age class 2 in numbers) 

78 

YEAR sooo00 . 

Yield, SSB (ages 3-7) in kg conan | a | 

: lower individual 300000 mS ; ° : 
000001 body weight om . oe | 

600000 
__ me 

400000 2 } Q Co 

0 160000 200000 «6300006 «400006 §= 300000 «= 800000 §9=— 700000 

300000 . nS SSB (surn of age classes 3-7 in kg lagged by one year) 

__ : Figure 2. Estimated recruitment and 

“ spawning stock biomass. Recruitment = 

soo000 | 3 / Yield 526543,2 — 1.003752 x SSB.) + 6.191E-7 x 

SSB,.1° 
» G72 1679 1670 1576 1876 1677 1976 1679 THO 1901 TOBD 1959 194 1986 1966 TET 188 References. Winkler, H.M., and T. Thieme. 

YEAR 1978. Untersuchungen an den 

Figure 1. Yield (commercial catch in kg) and Zanderbestinden der Kiistengewdsser der 

estimated spawning stock biomass (SSB, for DDR. Wiss. Z. W.-P.-Universitat Rostock, 

higher and lower body weights). math.-nat.Reihe,27 (4): 439-445. 

This indicates a density-dependent Winkler, H.M. 1989. The role of 

feedback-mechanism between recruits and predators in fish communities in shallow 

adults possibly triggered by cannibalism coastal waters of the Southeast Baltic. Rapp. 

(and indirectly by food shortage). This P.-v. Réun. Cons. Int. Explor. Mer,190:125- 

agrees with investigations of the feeding 132. 
ecology of pike perch in this lagoon Winkler, H.M. 1991. Der Zander (Szizo- 

(Winkler 1989, 1991) where high stedion lucioperca) in den Ostseerandgewas- 

cannibalism rates were observed in some sern, Bestandssituation und Bedeutung der 

years. Nahrungsbasis. Fischerei-Forschung, 

Rostock 29, 3: 100-102. 
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HYBRIDIZATION BETWEEN SAUGER AND WALLEYE IN LEWIS AND CLARK LAKE, SOUTH 
DAKOTA, DETERMINED BY PROTEIN ELECTROPHORESIS. 

Neil Billington, and Rachael N. Koigi, Department of Biological and Environmental Sciences, Troy State 
University, Troy, AL 36082, askdrb@troyst.edu, and Brian D. S. Graeb, and David W. Willis, Department of 
Wildlife and Fisheries Sciences, South Dakota State University, NPB 138, Box 2140B, Brookings, SD 57007. 

Introduction. Sauger (Sander canadensis) and (Flammang and Willis 1993; Ward and Berry 1995; 
walleye (S. vitreus) are two extensively managed White and Schell 1995; Van Zee et al. 1996; 
North American percid fishes. These two species can Billington et al. 1997; Fiss et al. 1997). In this paper, 
hybridize naturally (Nelson and Walburg 1977; we examine hybridization and introgression between 
Trautman 1981) and their F; hybrids can produce F; sauger and walleye in Lewis and Clark Lake, a main- 
hybrids and also backcross to both parental species stem reservoir on the Missouri River in South 
(Hearn 1986). Several external morphological Dakota, and compare the reliability of morphological 

: characteristics distinguish sauger from walleye versus genetic analysis for identification of hybrids. 
(Trautman 1981). First generation (F,) hybrids tend . Methods. A total of 467 Sander specimens were 
to be intermediate for these characteristics, but often collected from Lewis and Clark Lake, South Dakota, 
express features of both parental species (Trautman by experimental multiple-mesh gillnets (six-panel, 
1981). Backcrosses of F; hybrids to either of the 13-51mm bar mesh range) 17-19 September 2002, 
parental species are often more difficult to detect by and identified to species by morphology. Muscle and 
morphological criteria because they tend to resemble liver samples (approximately 1 g) were excised from 
one of the parental species. Therefore, it can be each fish and placed into numbered 1.5-ml 
difficult to separate hybrids from their parental microcentrifuge tubes along with 400 ul of distilled 
species by morphological criteria, especially if water and kept on ice until frozen. All samples were 
backcrossing has occurred. stored at -20°C until they were sent frozen, via 

One method for detecting hybrid fishes is by ovemight express, to Troy State University, where 
genetic screening if diagnostic loci have been they remained in frozen storage until they were 
identified between the species involved. Sauger and screened by protein electrophoresis. 
walleye show fixed allelic differences at four protein Electrophoretic analysis was conducted on 
coding loci: mMDH-1* for malate dehydrogenase cellulose acetate gels. Samples were electrophoresed 
and PGM-1* for phosphoglucomutase from muscle, for 20 min at 200 V using a continuous 1X 
and ALAT* for alanine aminotransferase and [DDH* tris-glycine buffer, pH = 8.5 (Billington et al. 1990; 
for L-iditol 2-dehydrogenase from liver (Billington et Van Zee et al. 1996). Gels could be scored after 2-15 
al. 1990; Van Zee et al. 1996; Fiss et al. 1997). Two minutes of staining for the diagnostic sauger and 
additional loci, sMDH-3* and PROT-3* (general walleye alleles; patterns at ALAT* were visualized 
muscle protein), are informative in  sauger with UV light. Walleye, sauger, and saugeye (their 
(polymorphic in walleye, but fixed for one allele in F, hybrid) allele mobility references were included 

| sauger) (Billington et al. 1990) and one additional on the gels. 
locus SOD* (superoxide dismutase) is informative in Results. Based on morphological examination, 236 
walleye (polymorphic in sauger, but fixed for one fish were identified as walleye and 231 as sauger, 
allele in walleye). By using these loci, it is possible with three of the fish identified as walleye and one 
to screen electrophoretically North American Sander fish identified as a sauger recorded as putative 
samples to confirm specific identification, detect F, hybrids. Genetic analysis reveled that 144 (61%) fish 
hybrids (which will be heterozygous at all of the identified as walleye by morphology were confirmed 
diagnostic loci), and multi-generation hybrids or as walleye and 211 (91%) fish identified by 
backcrossed individuals (often collectively referred to morphology as sauger were confirmed as sauger. A 
as F, hybrids). Backcrossed individuals will be total of 91 (39%) fish identified as walleye by 
heterozygous at a portion of the diagnostic loci, with morphology possessed sauger alleles, of these, seven 
the remaining loci being homozygous; the direction were F, hybrids, 52 were backcrosses to walleye, 18 
of backcrossing can be determined by the alleles that were possible multi-generation hybrids, one was a 
are homozygous. backcross to sauger, and 13 were genetically sauger. 

Numerous studies have now reported the A total of 20 (9%) fish identified as sauger by 
occurrence of natural sauger-walleye hybrids, morphology possessed walleye alleles, of which one 
introgression between the two species, and was an F, hybrid, 16 were backcrosses to sauger, two 
difficulties in using morphological characters to were possible multi-generation hybrids, and one was 
discriminate walleye, sauger, and their hybrids a backcross to walleye. Of the three fish identified as 
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putative walleye or hybrids, two were identified as Acknowledgements. We thank John Lott, Jason 
backcrosses to walleye, while the third was a Sorensen, Cliff Stone, and Gerry Wickstrom for 
walleye. The single fish identified as a putative assistance with data collection, and Freeman White 

sauger or hybrid was identified as an F, hybrid by and Debra Porter for assistance with protein 
genetic analysis. Overall, 111 (24%) of the 467 fish electrophoresis. The South Dakota Department of 
examined possessed alleles of the other species and Game, Fish and Parks through Federal Aid in Sport 
109 (23%) fish were misidentified by morphological Fish Restoration Project F-15-R, Study 1594, 

examination. | provided partial funding for this study. 
, Discussion. Extensive hybridization and References. Billington, N., R.C. Brooks, and R.C. 

introgression between sauger and walleye was clearly Heidinger. 1997. Frequency of natural hybridization 

documented in Lewis and Clark Lake, with 24% of between sauger and walleyes in the Peoria Pool of the 

the fish containing alleles of the other species. This Illinois River determined by morphological and 
compares to 10% of fish (mainly sauger) identified as electrophoretic cnteria. North American Journal of 

hybrids in a previous electrophoretic study on Lewis Fisheries Management 17: 220-224. 
and Clark Lake (Van Zee et al. 1996), and 10% of Billington, N., P.D.N. Hebert, and R.D. Ward. 

fish identified as hybrids by morphology alone 1990. Allozyme and mitochondrial DNA variation 
(Nelson and Walburg 1977). Saugeye have never among three species of Stizostedion (Percidae): 
been stocked into Lewis and Clark Lake. Sauger and phylogenetic and zoogeographical implications. 
walleye have recruited naturally since impoundment Canadian Journal of Fisheries and Aquatic Sciences 
(1955), with supplemental walleye stocking with fish 47: 1093-1102. 
from Lake Oahe, further upstream, occurring prior to Fiss, F.C., S.M. Sammons, P.W. Bettoli, and N. 
1991. Morphology was clearly unreliable compared Billington. 1997. Reproduction among saugeye (F, 
to protein electrophoresis for identification of sauger, hybrids) and walleyes m Normandy Reservoir, 
walleye, and their hybrids in this study. In particular, Tennessee. North American Journal of Fisheries 
hybrids were grossly underestimated by morphology. Management 17: 215-219. 
A much higher (39%) proportion of fish identified as Flammang, M.K., and D.W. Willis. 1993. 

walleye had sauger alleles in them than fish identified Comparison of electropherograms and _ external 
as sauger by morphology contained walleye alleles characteristics for distinguishing juvenile walleyes 
(9%). This included seven fish identified as walleye and saugeye. Prairie Naturalist 25: 255-260. 
by morphology that were F, hybrids and 13 fish that Hearn, M.C. 1986. Reproductive viability of 
were pure sauger by electrophoresis. However, fish sauger-walleye hybrids. Progressive Fish-Culturist 
identification in the field was difficult due to the 48: 149-150. 
degraded nature of some of the fish. Three of the Nelson, W.R., and C.H. Walburg. 1977. 

four samples that were identified as putative hybrids Population dynamics of yellow perch (Perca 

based on morphology were confirmed as hybrids flavescens), sauger (Stizostedion canadense) and 

(two backcrosses and one F, hybrid), but one putative walleye (S. vitreum vitreum) in four main stem 
: hybrid turned out to be a walleye by electrophoresis. Missouri River reservoirs. Journal of the Fisheries 

Fisheries managers must be aware that this and Research Board of Canada 34:1748-1763. 
other studies (Flammang and Willis 1993; Ward and Trautman, M.B. 1981. The fishes of Ohio 
Berry 1995; White and Schell 1995; Van Zee et al. (revised edition). Ohio State University Press, 
1996; Billington et al. 1997; Fiss et al. 1997) have Columbus, Ohio. 
shown that morphological examination is unreliable Van Zee, B.E., N. Billington, and D.W. Willis. 

for separating walleye, sauger, and their hybrids 1996. Morphological and __ electrophoretic 
compared to protein electrophoresis. This has examination of Stizostedion samples from Lewis and 

important implications for management agencies that Clark Lake, South Dakota. Journal of Freshwater 
use wild fish for brood stock for supplemental Ecology 11: 339-344. 
stocking programs. In order to maintain the genetic Ward, N.E. IH, and C.R. Berry, Jr. 1995. 
integrity of the fish produced, especially if they are to Evaluation of skin pigmentation for identifying adult 
be stocked into other water bodies, it is essential that sauger and walleye-sauger F, hybrids collected from 
potential brood fish of both Sander species be Lake Sakakawea, North Dakota. Progressive 
screened by protein electrophoresis prior to them Fish-Culturist 57: 302-304. 
being spawned, when they co-occur, or in drainages White, M.M., and S. Schell. 1995. An 
where hybrid saugeye have been _ stocked. evaluation of the genetic integrity of Ohio River : 
Fortunately, the South Dakota Department of Game, walleye and sauger stocks. Pages 52-60 in H. L. 
Fish and Parks do not use sauger or walleye from - Schramm, Jr. and R. G. Piper, editors. American 
Lewis and Clark Lake as a source of brood fish. Fisheries Society Symposium 15, Bethesda. 
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INFLUENCE OF TEMPERATURE AND DEPTH ON SPAWNING SITE SELECTION OF PIKEPERCH 
(Sander lucioperca (L.)) INTHE HELSINKI SEA AREA 

Erkki Fontell, Hannu Lehtonen and Jyrki Lappalainen, Department of Limnology and Environmental Protection, PO 
Box 65, FIN-00014 University of Helsinki, Finland, hannu.lehtonen@helsinki.fi 

Introduction. The spawning of pikeperch in the Nests were examined weekly between 26 May 
Gulf of Finland generally takes place in late May- and 29 June 1999. The coverage of pikeperch eggs 
June (Erm 1976, Lehtonen et al. 1996, Lappalainen et was estimated as percentage and depth, temperature 
al. 2003). Successful reproduction and development and salinity were measured over each spawning nest. 
of larvae and juveniles occur almost entirely in Results. The first observations of pikeperch eggs 
sheltered archipelagoes and bays (Lehtonen et al. were made in late May at the depth of 4.9-5.5 m and 
1996). In these parts of the Baltic Sea suitable low at a temperature of 6.2°C (Table 1). However, the 
salinities and temperatures are found. To be able to bulk of eggs were laid on spruce twigs at the depths 
reproduce and form viable populations, pikeperch of 2-3 m and at temperatures between 13-19°C. 
depend on areas where water warms up early in the Salinity varied in spawning sites between 4.0-5.9 ppt. 
spring/summer. Altogether pikeperch eggs were found on 12 nests 

Before spawning the males build nests with a and on 6 nest rows (Figures 1 and 2). Spawning sites 
diameter of about 0.5 m and at depth of 5-10 cm were located in compact areas in different parts of the 
situated on the sandy grounds. The highly sticky eggs study area and when eggs were found usually also the 
are laid in 3-4 layers on twigs, roots or aquatic plants neighboring nests were used. Only in one case 
(Virbickas et al. 1974). However, females can lay solitary nest was spawned. The spawning continued 
their eggs also on stones and other hard substrates, through late June (Table 1). 

° for example, on artificial spawning substrates. 
Typical to pikeperch both in the Baltic Sea and lakes Table 1. Date, water temperature, depth zone and 
is that males guard the eggs until hatching. The salinity when pikeperch eggs were found. | 
purpose here was to study the dependence of 
pikeperch spawning on temperature, depth and Date Bottom Surface Depth Salinity 
location in the western Helsinki sea area by using °C °C zonem _ppt 
artificial spawning nests. 28 May 6.2 12.6 4-6 5.9 
Methods. The study area was situated in the western I June 13.6 142 2-3 5.6 
Helsinki sea area. The bottom consists mainly of clay — ‘i sJune 20.9 22.0 1-2 4.0 14June 20.7 21.8 2-3 4.1 and the water is very turbid. 14 June 21.2 715 2-3 42 
Altogether 276 nests were set on potential spawning 15June 189 71.3 1-2 46 
areas. Nests were made of 80-100 cm long spruce 22 June 19.1 20.5 2-3 5.1 
twigs which were tied with wire to a brick. Each nest 
consisted of 3 twigs and the total coverage of a nest 
was thus about 0.5 m'. Nests were set in rows by 100 ee ° 
fastening them to a line at intervals of 10 m. The a o> 
study area was divided into squares (500 x 500 m) 80 oe a 4 @ 
and a set of nests was set into every second nest. 2 ab = fo ® 60 7 3 3 ae 2 LY, 2 
De ON E Ct Sl 5 om VC Geen 3 el ae eo 2 0) eo" co. = 20 a We pete Bek ef a a Hi per| 2 ay BA _ BPE neal aged mabey Beene 

a \p el Or 1-19229339 449 56 oO Depth 
2 CAs epih zone (m) Ss oe os —— allnests |) 7] nests with eggs 

0 12 3 4 5Skm Figure 2. Depth distribution of all spawning nests 
and the numbers of nests with pikeperch eggs. 

Figure 1. Location of nest sets. Sets with eggs are 
marked with circles. 
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Discussion. Our findings demonstrate that pikeperch Lappalainen, J., Dorner, H. and K. Wysujyack. 
spawn only in some restricted areas. This is 2003. Reproduction biology of pikeperch (Sander 
supported by the fact that pikeperch eggs were not lucioperca (L.)) — a review. Ecology of Freshwater 
found in 16 out of 23 net sets and that in the same set Fish 12:95-106. 
eggs were found also in neighboring nests. Lehtonen, H., Hansson, S. and H. Winkler. 1996. 

Summer 1999 was exceptionally warm and Biology and exploitation of pikeperch, Stizostedion 
| rainless. These kind of summers are known to favor lucioperca (L.), in the Baltic Sea area. Annales | 

pikeperch reproduction (Lehtonen and Lappalainen Zoologici Fennici 33:525-535. 
1995, Lappalainen and Lehtonen 1995). Only 4.5 % Lehtonen, H. and J. Lappalainen. 1995. The 
of the spawning nests were used which also supports effects of climate on the year-class variations of 
the hypothesis of limited spawning areas. Similar certain freshwater fish species. Canadian Special 
results have been found also the Swedish Lake Publication of Fisheries and Aquatic Sciences 
Vanern (Puke 1952) and Danish Lake Bygholm 121:37-44. 
(Jepsen et al. 1999). Muntyan, S.P. 1967. Effect of constant 

Pikeperch spawning time is determined primarily incubation temperatures on hatching and_ the 
on the basis of water temperature and indirectly also morphological characteristics of pike-perch embryos. 
by weather conditions (Sonesten 1991). Normally In. Metabolism and biochemistry of fishes. Nauka 
spawning starts at the temperatures 10-14°C_ Press. Pp. 214-221. 
(Virbickas et al. 1974, Gaygalas and Gyarulaitis Olifan, V.I. 1945. Eksperimentalnye ekologo- 
1974, Lappalainen 2001). During warm springs the fiziologiceskie issledovanija nad ikroi I licinkami 
onset of spawning is earlier than during cold ones ryb. 1. Vliyanie solenosti na rannie stadi razvitiya 
(Salminen et al. 1992). First pikeperch eggs were azovskikh lesca, sudaka I _ volzskoi _ seldi. 
found in exceptionally cold (6.2°C) and deep (4.9-5.5 Zoologiceski zurnal XIX(1):73-79 (In Russian). 
m) water. This was colder than the lowest Puke, C. 1952. Pike-perch studies in Lake 
temperature where the normal development of Vanern. Report of the Institute of Freshwater 
embryos is possible (8°C) (Muntyan 1967). Research, Drottningholm 33:168-178. 

According to egg findings the spawning period Salminen, M., Ruuhijarvi, J. and P. Ahlfors. 
was between 28 May and 22 June in 1999. However, 1992. Spawning of wild zander (Stizostedion 
eggs appeared to the same nest row always lucioperca (L.) in cages. In. Proc. Sci. Conf. Fish 
concurrently which refers to short spawning period in ~ Reproduction *92. Ed. Adamek, Z. and Flajshans. 
one spawning site although timing of spawning may Vodnany, 2-4 March 1992. pp. 42-47. 
differ several weeks between closely situated Sonesten, L. 1991. Gésens biologi - En litteratur- , 
different sites. sammanstalling. Information fran Sédtvattens- | 

Most eggs were found at the depths of 1-3 m. laboratoriet, Drottningholm. 1:1-89. (In Swedish). 
Deepest spawners spawned in 4.9-5.5 m in cold and Virbickas, J., Gyarulaitis, A. Misruniene, D and 
saline (5.9 ppt) water. Both temperature and salinity D. Sineviciene. 1974. Biology and fishery of the 
were unfavorable for normal development of pike-perch in the water bodies of Lithuannia. State 
embryos. Olifan (1945) mentions that the maximal Publ. House “Mintis”. Vilnius 1974, 276 pp. 
salinity for survival of pikeperch larvae is 4.75 ppt. 
Salinities below that were found only in_ the 
innermost areas. It 1s therefore possible that most 
productive spawning sites are situated there. 
Acknowledgements. This work was financially 
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TROPHIC FEEDING OF YELLOW PERCH USING FOOD HABITS, STABLE ISOTOPES AND 
PARASITES 

Michael W. Johnson', Ray Hesslein? and Terry A. Dick, ‘Department of Zoology, University of Manitoba, 
Winnipeg, Manitoba, Canada R3T 2N2; *Department of Fisheries and Oceans, Freshwater Institute, Winnipeg, 
Manitoba, tadick@ms.umanitoba.ca 

| Introduction. Yellow perch are generalist predators Eustrongylides, Raphidascaris, Spinitectus, 
capable of shifting trophic status depending on the Crepidostomum, Bunodera, Echinorhynchus, 
complexity of the local aquatic community (Craig Pomphorhynchus, Proteocephalus, Bothriocephalus, 
2000). Much is known about perch biology and host- Urocleidus, and Piscicola. Major food items included 
parasite relationships (Craig 2000 and Johnson and Cladocera, Copepoda, Diptera, _ Trichoptera, 
Dick 2001). Consequently perch are an ideal model Ephemeroptera, Odonata, Cambaridae, Amphipoda 
species to compare its trophic status in aquatic and fish. 

_ systems of differing community composition and to Both the d'°N and dC differed among lakes 
explore links between stable isotopes and parasite (Figure 1). As perch size (Figure 2) and age 

| fauna. increased there was a trend towards less negative 
Food items recovered from fish stomachs give a - d'*C values but no distinct separation of d'°N values. 

glimpse of food consumption over a very short time 
frame while parasitic endohelminths can indicate 14 @ 1239 
what a fish has eaten at least annually and © L240 
occasionally longer. On the other hand, stable v v EST? leL 
isotopes have been used to infer what a fish has eaten 2 Y ow % v get 
for longer periods of time and, as a consequence, , we . Wwe 
identify its trophic status. The objective was to 10 fge J 
determine if fish dietary information, the presence of Ss oe fae x. Vv, he 
parasite species transmitted through food and stable a 8 st \Y 
isotopes could be correlated and thus more accurately wes ~° 
predict trophic status than fish size or age. ents 
Methods. Four Canadian Shield Lakes in 6 
northwestern Ontario for this study, based on the fish 
community and their physical features. Yellow perch 4 
were collected using gillnets, trap nets and “36-34-32, 30-28-26 -24 -22-20-— -18 
electrofishing throughout the open water season over d13C 
a two year period. Lengths and weights were . . 
recorded and age determined from otoliths. Food Figure 1. Range (identified by boundaries) of 
items were recorded and complete necropsies for all. carbon (d13C) and nitrogen (d15N ) isotope ratios of 
parasite species were done on all perch. Individual yellow perch in four Canadian Shield lakes. 
perch were chosen for stable isotopes analyses based 114 comm | 

. on dietary and parasitological information. A sample oO 61-80mm 
of muscle tissue was removed from each fish, dried at , om 
45 °C and powdered with mortar and pestle of which 10 ~ ? 9 
2 mgs were added to tin foil capsules. Samples were - v 
analyzed for d'°C and d'°N isotopic concentrations __ : °F Yo 

_ with a dual inlet ratio mass spectrophotometer. Perch in 9 Yoo. 9 
were separated into four length classes (< 60mm, 61- sc Y we Ff’ 
80mm, 81-100, >100), five age classes (0+, 1+, 2+, oo Me 
3+, and >4+) and three diet or parasite intermediate 8 e” 
host categories (zooplankton, benthos and _ fish). | ve v ; 
MANOVAS were used to identify significant 9 
relationships among perch length, age, diet, parasite q 
fauna and stable isotope ratios. 32 30 “28 26 24 22 
Results. A total of 1842 perch were collected across d13¢ 
all size and age classes. Parasites recovered from Figure 2. Range of carbon (d13C) and nitrogen 
perch were Glugea, Ichthyophthirius, Apophallus, (d15N) isotope ratios of L240 yellow perch separated 
Diplostomum,  Posthodiplostomum,  Clinostomum, into four fish size classes. 
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When apparent trophic position was considered, between parasites and C ratios suggest that parasites 

based on observed diets, there was a_ greater may not be useful predictors of important primary 

distinction between both C and N isotopic values producers in a food chain. Moreover, this study 

(Figure 3). There was a trend to more positive d?N- shows that an average N or C isotopic ratio obtained 

and dC as perch shifted from zooplankton to from a small sample of perch does not accurately 

benthos and then to fish. When perch were identify the trophic relationship of individual perch 

categorized by apparent trophic position based on the even when they are of similar size and age. Keough 

intermediate host sources for their parasite fauna et al (1996) found that nitrogen isotopic ratio of 

there was the clearest distinction between isotopic young-of-the-year perch indicated zooplanktivory 

ratios (Figure 4). and as perch size increased the ratio shifted to 

indicate benthivory and finally piscivory. The same 

1 1. Zooplankton | trend was observed here with increasing perch size 

o Benthos but there were individuals in each size and age class 

v Fish e ° that did not have nitrogen isotopic ratios typical of 
10 oO . qe 

o . that group. Some of the largest individuals apparently 

°F Sf e %, remained zooplanktivorous as indicated by stable 

ni 9 Coe 7 isotopes and their parasite infracommunities. While 

3 ° o, °F %. ° perch are known to have a generalist diet, some 

5 we individuals in our study populations may be more 

8 °° specialized in their feeding patterns. Benthivorous 

ve ° e perch were the most difficult to correctly place in 

° their original categories by discriminant analysis of 

"DD 30 38 6 34 32 host size,age and diet and parasite intermediate hosts. 

d13C Nevertheless, certain patterns emerged. For example, 

perch infected with amphipod-derived parasites 

Figure 3. Range of carbon (d13C) and nitrogen tended to have more negative d'’C and more positive 

(d15N) isotope ratios of L240 yellow perch as d'°N values than those infected with large benthic 

categorized by fish diet. insect-derived parasites. We believe that benthic 

invertebrates that consume settled pelagic algae or 

1 detritus, such as amphipods, affect the d’°C ratios and 

e Zooplankton will be useful discriminators for trophic status. By 

’ ch combining parasite/isotope studies of a few 

10 o ° ‘ representative fish species of an aquatic system we 

° v can make useful predictions about trophic category of 

- °F PS ee %, individuals regardless of fish size. Further, this 

2 9 Poe, v approach will be helpful in constructing aquatic food 

3. C og F% * webs. 
ee *o, Acknowledgements. This work was supported 

8 .”° ° through operating grants to T. Dick from the Natural 

° ° ° Science and Engineering Research Council of 

° Canada and the Department of Fisheries and Oceans, 

"2 30 8 26 4 9 Government of Canada. | 

d13¢ References. John F. Craig. 2000. Percid Fishes 

Systematics, Ecology and Exploitation, Blackwell 

Figure 4. Range of carbon (d13C) and nitrogen Science, UK, 352P 

(d15N) isotope ratios of L240 yellow perch as J.R. Keough., M.E. Sierszen, and C.A. Hagley. 
categorized by parasite fauna (grouped by 1996. Analysis of a Lake Superior coastal food web 

intermediate host type). with stable isotopes techniques, Limnology and 

Oceanography 41: 136-146. 

Discussion. Differing d'°C values relate to differing M Johnson and T.A. Dick. 2001. Parasite effects 

contributions of various primary producers to the on the survival, growth and reproductive potential of 

food chain. The fewer significant correlations yellow perch (Perca flavescens) Mitchill) in 
Canadian Shield lakes. Canadian Journal of Zoology. 

70: 1980-1992. 
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ONTOGENETIC PATTERNS AND INTERSPECIFIC VARIABILITY IN EXTERNAL MORPHOLOGY OF THREE SYMPATRIC Gymnocephalus SPECIES 

Vladimir Kova¢, Department of Ecology, Faculty of Natural Sciences, Comenius University, Mlynska dolina B2, 
Bratislava 842 15, Slovakia, kovac@fns.uniba.sk, and Stanislav Katina, Department of Probability and Mathematical Statistics, Faculty of Mathematics, Physics and Informatics, Comenius University. 

Introduction. Three of four species of the genus Table 1. Best regression models for ontogenetic 
Gymnocephalus occur in the River Danube: ruff (G. vaniability of 26 morphometric characters (Im = cernuus), Balon's ruff (G. baloni) and yellow pope landmarks) in ruffe (GC), Balon’s ruffe (GB) and (G. schraetser). Differences in their ecological yellow pope (GS). P = pectoral fin, V = ventral fin, A 
requirements are few as all three species share: = anal fin, D = dorsal fin, L = linear, isometric 
similar diets, many of the same habitats, and similar growth, Q = quadratic, allometric growth; S = split early developmental patterns and life history traits linear, isometric growth with abrupt change. 

_ (Kovaé 1994). The genus Gymnocephalus is 
supposed to have originated in the River Paleodanube o (Holéik & Hensel 1974) and, with sympatric ee eS speciation, represents excellent material for studies of 4 va ital _ ae . : . preorbital distance 10-13 L LQ both ontogenetic and phylogenetic trajectories. The 3 diameter 13-14 QO L O 
present paper aims to analyse the external shape of 4 et “pital dista 14-11 O L Q these Gymnocephalus species from an ontogenetic 5 hea qd d ! th stance 16 3 
point of view, including interspecific comparison, cad depth | 0 1 9 9 Q and subsequently two previously _ published 6 predorsal distance 0-17 Lo L Q hypothetical models of speciation within the genus 7 preventral distance 0-1 Q QL (Holtik & Hensel 1974, Kovaé 1994) are revised. 8 preanal distance 0-2 S 9 0 Material and Methods. In total, 117 specimens of 9 postdorsal distance 7 QL L G. cernuus (GC), 89 specimens of G. baloni (GB), 10 P — V distance ol S QoL 
and 154 specimens of G. schraetser (GS) were 11 V —A distance l-2 QQ L Q collected from various locations in Slovakia’s stretch 12 D1 — A distance 7-2 S L Q of the River Danube between the village of Radvaii 13 V— D2 distance l-IS Lo L Q nad Dunajom and the Devinske side-arm (rkm 1749 14 body depth 7-1 S LQ to 1880). The material was preserved in a 10% 15 ang. caudal ped. length 4-7 Lo L Q 
formalin solution. 16 minimum body depth eg Q L L Ontogenetic patterns in the three species were 17 dorsal fin 1 length 7-15 LL Q 
examined using both distance-based and geometrical 18 dorsal fin 2 length 5-12 Q L L 
(Bookstein coordinates-based) measurements (Katina 19 anal fin length 24 L LL L 
& Kovac 2003) taken using image analysis based on 20 pectoral fin length 6-f LQ iL 
digital photographs: 26 morphometric characters plus 21 ventral fin length 1-} L Q L standard length (SL), as well as 17 landmarks (Fig. 22 caudal lobe sup. length 7-d LL L _ 1). The characters measured were transformed to a 23 caudal lobe inf. length 7h OL LOL unit size, i.e. referred to SL. With the distance-based 243“ or4"Dspinelength c-a L L_ S§ measurements, triple-regression analysis was used to 25 dorsal 1" softraylength 15-b LO L test the null hypothesis that development of body 26 anal 1° ray length 9-i LL 9g proportions is isometric (linear regression) and not 
gradually allometric (quadratic regression; first For geometrical (Bookstein coordinates) altemative hypothesis) or abrupt (split-linear analysis, specimens were divided into size groups regression; second alternative hypothesis), the latter identified by seeking for the lowest possible within- reflecting ontogenetic thresholds and/or transitions group variability. New program routines in S-PLUS 
(see Kovaé et al. 1999 for details). (Dryden & Mardia 1999) modified by Katina (Katina 

& Kovac 2003) for geometrical analysis were used. 
Jar, Both local and global shape differences (affine and 

fog OF ory b non-affine transformations) were evaluated using 
16 17. Ly fis, infinite-window thin-plate splines (TPS, elastic 

—B SP ee he 2 ot splines) with L, roughness penalty, as well as partial 10 — o> Soe See, warps (PW). For visualization, TPS and PW grids iS aN eee were created (Fig. 2). The shape differences were | 3 a ~ also tested using Goodall tests (see Katina & Kovaé 
NE me 2003 for details on the geometrical analysis used). 
ONS Results. SL of GC, GB and GS specimens _ ranged 

from 37.1 to 133.7, from 43.0 to 135.1, and from 41.0 
Figure 1. Schematic illustration of the landmarks (1 to 202.9 mm, respectively. In GC, 14 characters grew to 17) and distance-based measurements (see also isometrically (best described by linear regression), 8 Table 1) taken from three Gymnocephalus species characters allometrically (quadratic regressions), and 
from the Danube in Slovakia. the remaining four characters isometrically up to a 
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) Discussion. Abrupt changes in otherwise isometric 
TET growth of morphometric characters may indicate 

REECE LY thresholds in ontogeny of fish (Kovac et al. 1999). 

0.5 RESETS CERES ESET However, this can be true only if the changes occur in 
BECERRA several morphometric characters _simultaneously 

PEERED LESTE (within a certain interval of SL), and if such a shift in | 

REESE EEE external shape is associated with other, especially 

0.0 URE EEE ecological, physiological and/or behavioral changes. 

CRRA CECE TET This was not the case in any of the three 

FRSC ELECT CEECE Gymnocephalus species studied. Therefore, it appears 

FESS EEE CECE that in ruffe, Balon’s ruffe and yellow pope, 
CEREUS morphometric characters do not aid in the 

6 TERRE identification of ontogenetic thresholds. 
RRC ELCES Nevertheless, in GC, the four characters (preanal, 

CTAL ULLAL Pp-V and DI- A distances, and body depth) with an 

abrupt change in their isometric growth indicate that -0.5 0.0 0.5 1.0 é 
the external shape of this species undergoes some 
remodelling between 66.7 and 86.6 mm SL, which is 

Figure 2. TPS grid for ruffe — illustrative example of also supported by the geometrical analysis (changes 
shape differences between size groups SG | and 4. between SG2 and SG3). 

Most of the morphometric characters did not | 

certain interval of SL (66.7-86.6 mm) when changed grow isometrically in all three species. Therefore, any 

to grow allometrically and then isometrically, again inter-population and/or interspecific comparisons 

(Table 1). In GB, 19 characters grew isometrically based on data sets that ignore size of the specimens 

and 7 characters allometrically, whereas in GS, only studied, may be strongly biased by ontogenetic 
12 characters were found to grow isometrically, as 13 variability and should be avoided. 
characters grew allometrically and one character Little ontogenetic variability in GS corroborates 

showed isometric growth with abrupt allometry with the concept that the subgenus Gymnocephalus 

occurring at a specific SL, followed by isometric (contains GS and G. acerinus) evolved precocially to 

growth (Table 1). the subgenus Acerina (GC and GB) and underwent 

In the geometrical analyses, 4 size groups (SG) juvenilization (Kovaé 1994). This is also supported 

in each species were identified following the lowest by the greater differences between the Acerina and 

possible within-group variability (Table 2). As for the Gymnocephalus subgenera in earlier (1,2) rather than 

ontogenetic variability, in GC, TPS and PW grids advanced size groups (3,4). However, owing to great 

revealed considerable differences between SG] and similarity in external morphology of GC and GB, 

SG3, SG1 and SG4, and SG2 and SG3, though the phylogenetic relationships within subgenus Acerina 

Goodall tests were statistically significant only are uncertain and models of its speciation (Hol¢cik & 

between SGI and SG4 (P < 0.01). In GB, no Hensel 1974, Kovaé 1994) remain hypothetical. 

significant differences among the SGs were found. In Acknowledgements. J. Kautman and K. Hensel 

GS, the Goodall tests showed significant differences kindly provided a part of the material used in this 

between SGI] and all the remaining SGs (P < 0.01), study, G. H. Copp improved the English in the 

as well as between SG2 and SG3 (P < 0.01), manuscript. Investigation was supported by the 

however, TPS and PW grids indicated only little Slovak Scientific Grant Agency VEGA, projects 

ontogenetic variability in this species. 1/9113/02 and 1/7154/20. The first author also thanks 
the University of Wisconsin-Madison, College of 

- Table 2. Size groups (SG) identified in the three - Agricultural and Life Sciences, and the University of 

Gymnocephalus species by the geometrical analysis. Wisconsin Sea Grant College Program for invitation 
ND and support to participate at the Percis II] conference. 

SG GC on ~—GB_ en GS References. Kovaé, V. 1994. Early development of 
] <55 25 <60 1] <60 26 three Gymnocephalus species: reflections on the 

2 55.0-79.9 55 60.0-99.9 37 60.0-99.9 55 evolution of the genus. Env. Biol. Fish. 40: 241-253. 

3 80.0-99.9 22 100.0-119.9 31 100.0-119.9 18 Katina, S. and Kovat, V. 2003. Shape analysis: 
4 >100 15 >120 19 >120 49 distance-based methods vs.  coordinate-based 

———— ee methods with application to biological sciences. 
Biometrical J. (in press) 

Interspecific differences among the three species Kovat, V., Copp, G.H. and Francis, M.P. 1999. 
appeared statistically significant within all the SGs (p Morphometry of the stone loach Barbatula barbatula 

a < 0.01). However, visualization in TPS and PW grids (L.): do mensural characters reflect the species’ life 
revealed that GC and GB differed little from each history thresholds? Env. Biol. Fish. 56: 105-115. 
other in SGI and SG2, whereas the difference in Dryden, IL. and Mardia, K.V. 1999. Statistical 
SG3+4 was evident. An opposite pattern was found shape analysis. New York: John Willey, 348 pp._ 
between GC and GS, as well as between GB and GS Holéik, J. and Hensel, K. 1974. A new species of 
— the differences in SGs | and 2 were bigger than Gymnocephalus (Pisces: Percidae) from the Danube, 
those in SG3+4. with remarks on the genus. Copeia 1974: 471-486. 
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DISTRIBUTION OF YOUNG-OF-THE-YEAR PERCIDS IN EUROPEAN RESERVOIRS 

Maténa Josef, Cech Martin, Drastik Vladislav, Frouzova Jaroslava, Kratochvil Michal, Kubeécka Jan, Peterka Jizi, VaSek Moyjmir. 
: Hydrobiological Institute, Academy of Sciences, Na sadkach 7, and Biological Faculty USB, BraniSovska 31, 37005 

Ceské Budéjovice, Czech Republic. matena@hbu.cas.cz. 

Introduction. Besides the cyprinids, perciform fish are &% of total abundance 
the most successful in colonizing European reservoirs. 
This paper summarizes numerous published and 0 10 20 30 40 50 60 70 
unpublished information on perch (Perca fluviatilis), OP OB | 
pike perch (Sander  lucioperca) and ruffe . ! 
(Gymnocephalus cernuus) distribution and behavior 2 ! 
during the first year of life. The emphasis is given on = : 
the aspects of biology not mentioned in Urho (1996) = 4 —e— Lipno Perch : 
and Craig (2000). . e —f— Klicava Perch | Methods. Open water of five Czech reservoirs was 6 | 
sampled. by ichthyoplankton towed nets (Wanzenbéck —#— Rimov Perch | 
et al., 1997; May-July), by 3*3 m frame trawl (August- 8 —— Lipno Pikeperch | 
September) and by the SIMRAD EY 500 split-beam 
echosounder. Littoral regions were sampled using fry Figure 1. Vertical distribution of percid fry during 
beach seine (10 m long, mesh size 1*1.35 mm). All surface-confined period (end of May, day time) 
samplings were performed either during day time or , 
during 24 hours. All fish were counted and measured to % of total abundance 
the nearest 0.5 mm. The results from three non- 0 10 20  ~©~— 30 
stratified drinking water reservoirs in the Meuse 0 wig 
estuary, the Netherlands (Kubecka et al., 1998) are 7 a 
used for comparison. 4 
Results and Discussion. /.Spawning, hatching and > 2 = = +May 
embryonic period. The trigger of perch spawning is the = 8 hme 
onset of thermal stratification when the surface = 8 
temperature reaches 8°C (second half of April). The Z 10 
spawning is one continuous event lasting about one 12 = a 
month with most activity at depth strata corresponding 14 eos ee eS 
to 8-12°C (Pivnitka and Svatora, 2001). Pikeperch and. 16 
ruffe spawn slightly later. Especially the spawning of [nn 

| ruffe can be prolonged during May to July. The Figure 2. Vertical distribution of percid fry during the 
spawning of pikeperch is usually considered as a single period of bimodal distribution (day time, 0700-1900). event, but the appearance of very small (15-25 mm) fry 

in August amongst contemporaries 50-150 mm long 4) gurgace distribution like in 21. This type of may indicate portional spawning in Dutch reservoirs. distribution is often reported in the literature. but it 
2. Pelagic larval P eriod. Marine ongin of percids was never encountered during our studies when all 
predetermined pelagic phase in the lite cycle. types of habitats were sampled. Such references have 
2.1. Surface-confined period. Larvae of perch and to be treated with caution, as they may be result of 
pikeper ch are positively phototactic. They: leave undersampling of deep pelagics. Pavlov et al. (1988) 

(Spawning gr ounds, enter open water and inhabit show preference of pikeperch to the surface layers. Surface layers during the day (Fig. 1) for week or two 4.) Bs odal vertical distribution with epi- and bathy- (length 5-10 mm, end of May). Unpublished acoustic pelagic perciform fry (Fig. 2). This type is typical for 
studies show that in this period schooling aggregations deep stratified reservoirs. The cohort of all three 
are missing (randomly distributed ichthyoplankton). species splits into differently behaving groups: This period seems to be present in all studies compared Epipelagic fry (EPF), which spends the whole 24 
and the larvae seem to avoid littoral. hours in upper 4 meters together with the fry of 2.2. Period of more diverse distribution. In subsequent cyprinids and Bathypelagic fry (BPF) spending the day 
period, social contacts and schooling . develops in hypolimnion at depths 10-20 m with no measurable gradually, the behavior of larvae splits in several light. No cyprinids are present in BPF. BPF formate 2- 
modes: 3 m thick scattering layer, which can be followed by 

the echosounders. In the evening, these fish migrate to 
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the surface and join the EPF. Most our observations tributary region; the proportion of perch is higher in 

show significantly smaller average size of BPF. more lacustrine parts of the reservoir (VaSek et al. 

Diurnal vertical migration of BPF may be a good way 2002). Autumnal and winter distribution is not known 

to reduce fish predation and metabolic costs, but living except of the fact that during mild weather, littoral fry 

in cold dark waters results in slower growth rate and stay inshore till December. Very distinct pattern of 

smaller sizes compared with EPF (Fig.3). The juvenile percid distribution was found in Dutch 

formation of scattering layers is a very interesting reservoirs (Fig.4). 

phenomenon observed in Rimov, Slapy and Orlik 100% - — smelt 

reservoirs and it was possible to investigate 80% fe ER, | ei ruffe 

distribution of BPF along the longitudinal axis of the 60% , \ | §§pikeperch 

reservoirs till August. 40% > > — Bperch 

50 . oi AD ae | Wi roach 

40 - AY OEPF g@BPF mgLitF | - EEE EER Sd & E 5 ROM 

Smee £2524, 8"222 

) £ 1 ' f E f I f L Ll lL | ; ae ; 

aA nunnwnnn nnn nn Figure 4. Fry composition in different habitats of Dutch 

~ OX S = Am FT H reservoirs, idealized from 9 surveys. 

SL(mm) : 

Percid fish dominate in nearbottom habitats. At depths 

Figure 3. Length-frequency distribution of perch fry. 4-16 m, ruffe and perch are the most important. At 

LITF stands for littoral fry. deeper habitats, their dominance is replaced by 
pikeperch. Littoral is dominated by cyprinids;, upper 

c) Bathypelagic and demersal distribution. In some (UOW) and middle (MOW) open water by roach (R. 

well-mixed reservoirs, Lipno, Konakovskoye (Boitsov, rutilus) and smelt (O. eperlanus). | 

1980), most perciform larvae seem to spend the day Acknowledgements. The study was supported by the 

close to the bottom rising into whole water column grants of Czech Acad.Sci. No. A6017201, S6017004 

during the sunset. Direct sampling during the day is and K6005114 and grant of GACR No. 206/02/0520. 

difficult, but the whole rising sequence can be Organizing committee of PERCIS III supported 

observed by the echosounder. The distribution of ruffe presenting of the paper. 

in a Bulgarian reservoir (Pavlov et al., 1988) is of this References. Boitsov, M.P. 1980. Vertical distribution 

type. of fry in Konakovsk Reservoir. Voprosy Ikhtiologii 26: 

d) Littoral distribution. Irrespective of pelagic 939-946. 

distribution type, some perch and ruffe older larvae Craig, J.F. 2000. Percid Fishes. Blackwell, 
always switch to the littoral way of life. This switch Oxford, 352pp. 

| seems to be much less expressed in pikeperch which Kubetka,J., Duncan, A., Maténa, J., 1998 

prefer to stay offshore in reservoirs during the whole Composition and biomass of the fish stocks in various 

first year of life. In the littoral habitat, percid fry join European reservoirs. Internationale Revue Gesamten 

the inshore community usually dominated by Hydrobiologie 83: 559-568. 

cyprinids. It is often believed in the literature that all Pavlov, D.S. et al. 1988. Food, distribution and 

perch fry move inshore, but fair sampling of all migration of fish fry of Alexander Stambolijsky 

habitats show that inshore habitat is not the most Reservoir. Nauka Moscow: 120 pp. 

important for percid larvae and fry. The biggest Pivnitka, K., Svatora, M., 2001. Long-term 

individuals seem to be using this habitat (Fig. 3). changes in the Kliéava Reservoir fish assemblage. Acta 

3. Juvenile period. Most percids enter this period Universitatis Carolinae, Environmentalica 15: 103-148. 

during June leaving thus definitely ichthyoplanktonic Urho, L. 1996. Habitat shift of perch larvae as 

way of life. In stratified reservoirs, littoral and BPF survival strategy. Annales Zoologici Fennici 33: 329- 

perciforms are usually present. EPF is composed 340. 

mainly by cyprinids. Schooling as an antipredation Vasek, M., J. Maténa and J. Kubecka. 2002. | 

mechanism 1S very characteristic for day distribution Diversity and density of fish fry assemblages. 

of perch fry which dominate BPF. BPF tend to live Biodiversity of fishes of Czech Rep. IV: 167-176. 

less deeply than during larval period: 4-10 m. Ruffe Wanzenbock, J., Maténa, J., Kubecéka, J., 1997. 

becomes demersal and is usually absent in pelagic Comparison of two methods to quantify pelagic early 

trawl catches. Pikeperch fry stays in pelagic and deep life stages of fish. Archiv fiir Hydrobiologie 49: p. 117- 

bottom habitats. Fry density culminates usually in the 124. 
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HISTOPATHOLOGICAL CHANGES DURING PIKEPERCH Sander lucioperca SWIM BLADDER 
DEVELOPMENT 

Ostaszewska Teresa, Division of ichthyobiology and Fisheries, Faculty of Animal Science, 
Warsaw Agricultural University, 02-786 Warsaw, Ciszewskiego 8, Poland, e-mail: ostaszewska@alpha.sggw.waw.pl 

Introduction. Low efficiency of intensive rearing of cubical ones, macrophages and blood vessels were 
| pike-perch and walleye larvae is related to low also visible. 

survival during metamorphosis (Moore et al. 1994). The noninflated swim bladders were smaller than 
Failure of swim bladder inflation is main cause of correctly developed ones in pike-perch larvae at the 
high larval mortality until the 20 day post hatching same age (Fig. 1 a, b). 
(Barrows et al. 1993). The larvae without inflated 
swim bladder show swimming difficulties, therefore 
they spend more energy for prey capture, and a. Oe mo eo locomotion. Such larvae show low survival, ~~ rene OR “no 
especially after transfer into natural waters. The aim i area gee i — ian wy a ¢ 
of present study was to identify and describe ener eae y Nas pn 

pathological changes during swim bladder Ne . ar A development in pike-perch, Sander lucioperca., and d ge — SB Ke pe 
to investigate the effects of abiotic factors on its ) ee mo Ls Lo development rate. meee | | | rs a i. 
Methods. The study was carried out in the Division Seamer ya en ya 
of Ichthyobiology and Fisheries of the Warsaw ane nga Af aE on: , 

temperatures: 16°C, 18°C or 20°C (40.5°C). Each EN ae 
temperature group included six replicates with 
aeration, and another six without aeration. Beginning b 
from the fourth day post hatching all fish were fed | 
twice a day with Artemia salina nauplii, ad libitum. er Te 
Ten fish from each experimental group were sampled ee ¢ Ee mo daily, from hatching to the 20 day of life and ” hi rset gestae NG preserved for histological examination. The fish were ALE Aner ae ee aaa, 7 anesthetized with MS 222, and fixed in buffered rae TS) vere. Cw — «6. 
formaldehyde and Bouin solution, and then subjected 2 rs le ash a oe f: 7 oF \e wa} 
to standard histological procedure. The preparations re, a oe mi ol te were stained with hematoxylin and eosin. ON FRO NP at Results. First pathological changes in the swim shoo BAN AO OG = bladder were observed between the 11 and 15 day ironies on beet ee , Pe. from hatching (at various water temperatures). At Set Sh Se arta a OO early swim bl ad der development s tages the changes ‘ney 2 gt ee eee ee A eS ee 

included hypertrophy of gas gland secretory 
epithelium, which resulted in a decrease in swim . 
bladder lumen. At later larval stages, progressive Figure la, b. The thirteenth day Post hatching. Cross- "anomalies in swim bladder and pneumatic duct were section. a) larva with correctly I nflated swim bladder observed, accompanied by malformation of rete (SB). b) larva with pathologically changed swim mirabilis and gas gland, while the bladder remained bladder. Intestine (1). (H-E) x 25. | 
noninflated. Moreover, bacterial infection occurred. During the expe riments > Increased mortality oD Pathologically hypertrophic epithelium occluding observed in all experimental groups after 200°D_ 
swim bladder lumen consisted of cells of various (degree-days), at the time of development of first 
shape and size, most of them showed considerably intestinal loop, stomach and pylo rus. 
hypertrophic cytoplasm with light vacuoles or In_ all flow-through tanks, urespectively fo the granules. Among large hypertrophic cells, small temperature, fish survival was higher comparing to 

the acrated ones (Table 1). 
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>2 -~ E larvae showing swim bladder anomalies were shorter 

_ x 8 5 o E 2 comparing to those in which the bladder was correctly 

2 a seXD 5 S ~ developed. 
OL Oo © 8 os ” os . . 

ge |& rs 0 So = ZS Increased mortality of pike-perch larvae observed 
33 2 s © 2 after 200°D was related to morphogenetic 

63 6 ~~ Be 5 translocation of internal organs during stomach and 

E 's 28 83 beg E pylorus development. Digestive tract development 

ee |e EB |€2 |ss |2 makes swim bladder inflation difficult. If it is not 
ad ” Zz o “ inflated before the stomach development (9-15 day of 

Five Tse Tivo Five life, at various water temperatures), its inflation may 
owe a3 become impossible. Increased mortality of pander : 

oN Deane — aoe - lucioperca larvae between 200°D and 300°D was 
observed also by Mani-Ponset et al. (1994). 

Flow 18 | 46.5041.81 | 13.5440.26 | 14.7140.15 | 27.5+0.92 | 12-13 Acknowledgements. The present work was nancee o_o ae oo — " from the Scientific Research Committee grant 

Flow 20 | 28.60+1.54 | 14.0740.19 | 16.6320.08 | 46.01.32 References: soy ee _ ziz0W, and 08 ; ie on oo on Kindaschi. 1993. Effects of surface water spray, diet, 

goon son a and phase feeding on swim bladder inflation, survival, 
and cost of production of intensively reared larval : 

walleyes. The Progressive Fish-Culturist 55: 224-228. 
Table 1. Summary of the observations on pike-perch | Bennett R. O., J. N. Kraeuter, L. C. Woods III, M. 

larval development. M. Lipsky, and E. B. May. 1987. Histological 

evaluation of swim bladder noninflation in striped 
The pike-perch larvae with noninflated swim bladders bass larvae Morone saxatilis. Diseases of Aquatic 

were significantly smaller than those with correctly Organisms 3: 91-95. 
developed bladders (Table 1). Kindschi G. A., E. MacConnell. 1989. Factors 

At lower temperatures, the number of larvae showing influencing early mortality of walleye fry reared 
swim bladder anomalies was considerably lower. The intensively. Progressive Fish- Culturist 55: 219-223. 
highest frequency of histopathological swim bladder Mani — Ponset L. 1994. Development of yolk 

changes occurred at 20°C (Table 1). complex, liver and anterior intestine in pike — perch 

Discussion. The results of histological examination larvae, Stizostedion lucioperca (Percidae), according 

indicate that high mortality of pike-perch larvae might to the first diet during rearing. Aquatic Living 
have been related to swim bladder inflation Resources 7: 191 — 202. 
disturbances. The observations revealed swim bladder Marty G.D., D.E. Hinton, and R.C. Summerfelt. 
inflammation (aerocystitis), and necrosis of secretory 1995. Histopathology of swimbladder noninflation in 

epithelium. Swim bladder development anomalies walleye (Stizostedion vitreum) larvae: role of 
were observed also by other authors. According to development and inflammation. Aquaculture 138: 35 

Bennett et al. (1987), 4 days old larvae of Morone — 48. | 
saxalilis showed swim bladder fibrosis and its Moore A., M.A. Prange, R.C. Summerfelt, and R.P. 

progressive degradation, in 7 days old larvae entire Bushman. 1994. Evaluation of tank shape and surface : 
swim bladder chamber was filled with fibrous tissue. spray for intensive culture of larval walleyes fed 
Marty et al. (1995) reported that swim bladder formulated feed. The Progressive Fish — Culturist 56: 
inflammation occurred in Sander vitreus larvae at the 100-110. 

7 very beginning of its inflation. The moment of 

inflammation development observed in the present 

study and described by other authors (Marty et al. 

1995) indicates that bacteria may be introduced into 

the bladder together with the air. 
According to Kindschi and MacConnell (1989), water 

aeration did not result in an increase in number of 

Sander vtreus larvae with inflated swim bladder. 

Also in the present study no positive effect of aeration 
swim bladder inflation was observed. 

Statistically significant effect of swim bladder 

inflation on total body length was observed. The 
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CONTRIBUTION OF STOCKED WALLEYES (Sander vitreus) TO THE STATEWIDE HARVEST IN MINNESOTA 
Peter C. Jacobson, Minnesota Department of Natural Resources, 14583 County Road 19, Detroit Lakes, MN 56501, USA, peter.jacobson@dnr.state.mn.us 

Introduction. Many lakes in Minnesota have baseline level of abundance due to natural excellent spawning habitat that sustain abundant reproduction. Any increase that mean stocked CPE’s walleye (Sander vitreus) populations without had over mean unstocked CPE’s was assumed to be stocking. Other lakes lack suitable habitat for good the result of stocking for each category. natural reproduction and are stocked with walleye fry Mean annual harvest of walleyes within each or fingerlings. The Minnesota Department of Natural category was calculated from creel surveys Resources (DNR) walleye stocking program is one of conducted on 387 Minnesota lakes from 1970 the largest walleye stocking programs in North through 2000 (data described in Cook and Younk America and is one of it’s most visible activities. The 1998). Annual harvests were calculated using open magnitude and visibility of the program have led to water harvest data (the time period of most creel high, and possibly, unrealistic expectations of the surveys) and then adding 14% for winter harvest (the benefits of walleye stocking by the angling public in mean percent winter walleye harvest from lakes with Minnesota. The purpose of this analysis was to‘ both open water and winter creel surveys). estimate the contribution of stocking to the total Unfortunately, few creel surveys were conducted on number of walleyes harvested statewide. unstocked lakes in some of the natural reproduction Methods. Minnesota DNR_ Fisheries Managers categories. Therefore, harvests were partitioned into assigned lakes managed for walleyes into five stocked and naturally reproduced components using categories of walleye natural reproduction the relative stocking contribution calculated from capabilities (1-known to be adequate, 2-suspected to gillnet assessments for each natural reproduction be adequate, 3-suspected to be inadequate, 4-known category by solving the equations: 
to be inadequate, 5-nonexistent; adequate defined as 
capable of sustaining an abundant walleye Agi = Pui Ayit Psi Hs; population). Some lakes (mostly unmanaged for 
walleyes) were not categorized, but were included in A, =A, + S; Ay; : this analysis if standard Minnesota DNR netting 
assessments detected presence of walleyes. The ten where, H,; = mean annual harvest (number/ha) from largest lakes in the state represented a separate all lakes in natural reproduction category i, Hui = category. Natural reproduction is excellent in all ten mean annual harvest (number/ha) from unstocked lakes, although Lake Vermillion is stocked annually lakes in natural reproduction category is, H,; = mean with fry because it is an egg source for the hatchery annual harvest (number/ha) from stocked lakes in program (Minnesota DNR policy) and Upper Red natural resource category i, P,; = proportion of Lake is temporarily being stocked with fry for hectares not stocked in category i, and P,i = rehabilitation purposes (and is closed to harvest). proportion of hectares stocked in category i, and §S; is Indices of walleye abundance were estimated the contribution (proportion) that stocking made to from gillnet catch per efforts (CPE) from 7,463 the gillnet CPE for natural resource category i. standard Minnesota DNR assessments from 1970 Solution: 
through 2000. Stocked CPE’s were defined as CPE’s Hai from lakes that had at least one stocking from 1 to 6 | Ahi = 
years before the assessment (age distributions from Ps,i +P, ; all assessments indicated that 90% of the walleyes i-S captured were from 1 to 6 years old). Unstocked and 
CPE’s were defined as CPE’s from lakes that had no Hu. i stocking in the 1 to 6 years before the lake survey. Hs, i = ——— The relative contribution of stocked fish was 1—-Si estimated by assuming that the mean unstocked CPE Mean annual harvest for the ten large lakes was for each natural reproduction category was the calculated from yields and hectares presented in 

Table 1. Mean walleye gillnet CPE’s in standard assessments from 1970 through 2000, percent stocked 
contribution, and mean annual walleye harvest by natural reproduction category and stocking status. 

: Harvest (number/ha) 
Stocking Percent of All Stocked Unstocked 

Category Stocked CPE Unstocked CPE _Contribution Hectares Stocked Lakes Lakes Lakes 1 8.62 (468) 8.91 (513) -3.4% 5.3% 4.42 (96) 4.29 4.43 2 8.97 (678) 7.53. (99) 16.1% 87.4% 5.83 (65) 5.95 4.99 
3 7.64 (1231) 471 (136) 38.4% 94.4% 3.99 (85) 4.08 2.51 
4 6.38 (1045) 3.35 (170) 47.5% 83.0% 3.07 (46) 3.34 1.76 5 5.14 (1341) 2.35 (252) 54.2% 82.4% 4.08 (66) 4.51 2.06 NC 3.6 (457) 2.9 (1073) 19.3% 99% 0.75 (29) 0.90 0.73 

Large Lakes - - - - 0.0% 10.7% 3.16 - 3.16 marge Makes O88 
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Table 2. Estimated number of stocked and naturally reproduced walleyes annually harvested statewide from 
Minnesota lakes by natural reproduction category. 

Currently Stocked Lakes Currently Unstocked Lakes Total 

Harvest (number) Harvest (number) Harvest 

Naturally Naturally 

Category Lakes Hectares Stocked Reproduced Lakes Hectares Stocked Reproduced 

1 8 8,051 - 35,672 220 144,058 0 638 281 673,953 

2 102 56,183 53,779 280,569 41 8,104 0 40,470 374,818 

3 230 106,359 166,583 267,411 36 6,350 0 15,966 449,959 

4 189 58,893 93,438 103,391 81 12,023 0 21,108 217,937 

5 290 59,712 145,949 123,280 140 12,762 0 26,348 295,576 

NC 98 13,102 2,286 9,558 1077 119,564 0 87,224 99,068 

Large Lakes 2 35,853 - 113,353 8 299,614 0 947,260 1,060,613 

Totals 919 338,153 462,035 933,233 1,603 602,477 0 1,776,656 3,171,924 

Minnesota DNR (1997) and were assumed to component of the statewide annual harvest (over 1 
originate entirely from natural reproduction. Total million fish). The annual harvest of walleyes in other 
statewide harvests for each category were then unstocked good natural reproduction lakes (Natural 
calculated from the hectares and mean annual harvest Reproduction Categories 1 and 2) was also large 
data. (678,751 fish). 
Results. Walleye abundance was directly related to Discussion. The trend of declining stocking 
the amount of natural reproduction in a lake (Table contribution with increasing natural reproduction 1s 
1). Lakes with the best natural reproduction (Natural consistent with Li et al. (1996), who concluded that 
Reproduction Categories 1 and 2) had the highest walleye stocking was ineffective in good natural 
gillnet .CPE’s. Walleye abundance progressively reproduction lakes and more effective in poor natural 
declined through Natural Reproduction Categories 3, reproduction lakes. The result is also consistent with 
4, and 5. Walleye stocking had the largest impact in Moyle (1950), who was one of the first to conclude 
the lakes with the poorest reproduction. The percent that walleye fishing in Minnesota depends on 

| contribution increased progressively from a slight naturally reproduced fish, and who also made the oft 
negative contribution in Natural Reproduction repeated (Laarman 1978) recommendation that 
Category 1 to over 50% in Natural Reproduction walleye stocking not be used to supplement natural 
Category 5. The relatively small amount that stocking reproduction. 
contributes to the unclassified lakes (19.3%) may be The importance of naturally reproduced walleyes 
due to the relatively light stocking densities that these to the state’s walleye fishery should be emphasized to 
unimportant lakes (for walleyes) receive. the angling public. Although stocking can make a 

As with abundances, mean annual harvests of significant contribution on some lakes (especially | 
walleyes (Table 1) were largest in the lakes with the lakes with poor natural reproduction), the vast 
best natural reproduction (Natural Reproduction majority of walleyes caught in Minnesota are 
Categories 1 and 2). The values ranged from 0.75 naturally reproduced. Protection of natural walleye 
walleyes harvested per hectare in lakes without spawning habitats should warrant as much public and 
Natural Reproduction Category assignments to 5.83 agency attention as stocking, and probably more. 
walleyes harvested per hectare in Natural References. Cook, M. F., and J. A. Younk. 1998. A 
Reproduction Category 2. The partitioned harvests historical examination of creel surveys from | 
(stocked and unstocked lakes) generally tracked the Minnesota lakes and streams. Minnesota Department 
stocking contribution estimates from the gillnet of Natural Resources, Division of Fisheries 
assessments. Investigational Report 464. | 

A total of 919 lakes, with over 338,000 hectares, Laarman, P. W. 1978. Case histories of stocking 
are currently stocked with walleyes in Minnesota walleyes in inland lakes, impoundments and the 
(Table 2). A total of 263 lakes, with over 600,000 Great Lakes — 100 years with walleyes. American 
hectares, are not stocked because they have good Fisheries Special Publication 11:252-260. , 
natural reproduction of walleyes (Natural Li, J., Y. Cohen, D. H. Schupp, and I. R. 
Reproduction Category 1 and 2, and the unstocked Adelman. 1966. Effects of walleye stocking on 
large lakes). An estimated 3.2 million walleyes were population abundance and fish size. North American 
harvested annually throughout the state. Naturally Journal of Fisheries Management 16:830-839. 
reproduced fish accounted for an estimated 85% (2.7 Minnesota DNR, 1997. Potential, target, and 
million fish) of the statewide walleye harvest, while current yields for Minnesota’s 10 large walleye lakes. 
stocked walleyes accounted for only 15% (462,035 Minnesota Department of Natural Resources, 
fish) of the harvest (Table 2). Even in stocked lakes, Division of Fisheries Special Publication 151. 
more walleyes were harvested that originated from Moyle, J. B. 1950. Notes on the present status of 
natural reproduction than from stocking (933,233 fish walleye Minnesota waters. Minnesota Department of 
vs. 462,035 fish). The harvest of walleyes from the Conservation, Division of Fish and Game 
ten largest lakes in the state comprised the largest Investigational Report 95, St. Paul. 
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BIOLOGICAL REFERENCE POINTS FOR MANAGEMENT OF WALLEYE (Sander vitreus) FISHERIES 
Nigel P. Lester, Harkness Laboratory of Fisheries Research, Ontario Ministry of Natural Resources, 300 Water St., 
Peterborough, Ontario K9J 8M5, Canada, nigel.lester@ mnr.gov.on.ca, and George Morgan, Cooperative Freshwater 
Ecology Unit, Department of Biology, Laurentian University, 1222 Ramsey Lake Rd., Sudbury, Ontario P3E 2C6, 
Canada. 

Introduction. Walleye (Sander vitreus), the most where hg is growth rate (cm/yr) of the unexploited 
popular sport fish in Ontario, are known to inhabit population (F = 0) , h; is growth rate of heavily 
approximately 4000 lakes in the province. exploited population (i.e., F = F.,,), L, is the size of a 
Management of this dispersed fishery is difficult fish when it is recruited into the fishery. This model 
because it is not economically feasible to monitor also implied, for walleye, M = ho/(20 + 0.4ho). 
each lake. A practical alternative is a sampling Observed variation in growth rate, combined with 
approach in which data from a statistical sample of results from bioenergetics models, implied that hg is 
lakes are used to evaluate the state of the resource’ higher in warmer climates: hg = 5.63 (G - 0.7)°°", 
and decide whether a change in fishing regulations is where G is growing degree days above 5°C x 10°, needed to protect walleye from over-exploitation and that maximum growth rate (h,) is approximately 
(Lester et al. 2003). This judgement requires that 2.5 times the unexploited rate. Assuming h)/hg = 2.5 
indicators from each lake be compared to reference and L,=30 cm, we calculated M and F.,, for climatic 
values that specify the maximum (or minimum) level conditions that span the province of Ontario. <A 
that must be sustained to safeguard the long-term reference point for total mortality rate was then productivity of a stock. These reference values, calculated as: Zag = M + F,,/2. 
known as Biological Reference Points (BRP), are We calculated the expected walleye biomass expected to vary among lakes depending on at MSY as Busy = MSY/Fmsy , in which MSY was environmental characteristics that affect walleye calculated from an empirical formula (Lester et al. Carrying Capacity and maximum intrinsic rate of 2002): 
increase. This paper describes a method of 1.70 H°® TDS?” G'* 
establishing MSY-based reference levels of total MSY = ——__—___——_ 
mortality rate and stock biomass for walleye. These Area 
reference points are interpreted as upper (mortality) where TDS is total dissolved solids (mg/l) and and H and lower (biomass) limits. 1s average daily thermal-optical habitat area available 

for walleye during the summer (ha). H is calculated 
Methods. We used the classical Graham-Schaefer as “4: 
model of surplus production (Quinn and Deriso 1999) H = Area p, Zee 
as a basis for calculating reference points. This where pr is area of the lake shallower than the model implies that as fishing mortality rate. (F) thermocline, z, is relative Secchi depth: 
increases from zero, the equilibrium biomass (B) of a Zser 
stock decreases linearly, starting at B.. (i.e., carrying ky = Znm We) y |? Zmax 1S effective maximum 
capacity) and reaching zero when F = F,,, (ie., 2 max \l— € | maximum intrinsic rate of increase). Because yield depth (i.e., maximum depth of the lake or depth of equals F * B, this relationship produces a dome the thermocline if the lake is thermally stratified) and 
shaped yield curve with a maximum sustainable yield s is a basin shape parameter typically having a value 
(MSY) described as | near |. 

MSY = Frisy Basys | 
where Foisy = Fey/2 and Busy = BS2. Results. Our model indicates that Finsy 1S 

To estimate F,,, we used a life history based approximately 1.6 times M when the growth 
model (Lester and Shuter in prep.) that assumes compensation ratio is 2.5, implying that Zasy is 
density-dependent growth and an _ optimum approximately 2.6 times M (Figure 1). Across a 
reproductive schedule (i.e., the age of maturation and climatic gradient of 1000 to 2400 GDD, M ranges 
the investment in egg production maximizes net from 0.12 to 0.34 and Z,,. ranges from 0.34 to 0.85. reproductive rate). That model predicts the The implied exploitation rate at MSY ranges from. 
relationship between F,,,, M (natural mortality rate) 20% to 40%. — 

| and the degree of growth compensation (h//hg) is: Biomass at MSY depends on water clarity 
yo relative to lake depth, as well as nutrient levels. 

F ; } Ag Examples in Figure 2 illustrate that Bnsy 1S very 
vw = h i | sensitive to water clarity, reaching maximum values 

0 
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when Secchi depth is inthe range of 1 to 3 m. The ~ - 

amplitude of this relationship depends on TDS and, in 2 os Zone 

thermally stratified lakes, the proportion of lake area 2 * 

above the thermocline. > a7 

% 

Discussion. Methods described here allow the 5 26 

calculation of Biological Reference Points from E os | 

easily measured lake parameters (GDD, Secchi 3B 0.4 M 

depth, surface area, maximum depth, mean depth, = 0.3 ee os 

and TDS). Reference points calculated for individual! © 02 ee - 

lakes have large uncertainty associated with them. Soi 77 | 

This uncertainty, combined with error in estimating ~~ 90 
; ; . 1000 1200 1400 «+1600 1800 2000 2200 2400 

stock biomass and mortality rate, implies that Growing degree days above 5C | 

diagnosis of stock status on individual lakes 1s 

limited. This uncertainty is a lesser problem when _ Figure 1. Estimated M and Z,,., as a function of climate, 
reference points are used to evaluate the status of a assuming h)/hg = 2.5 and L, = 30 cm. 

group of lakes, rather than an individual lake. An | 

example of their application in evaluating the status 

of walleye lakes in Ontario is given by another paper 

in this volume (Morgan et al. 2003). 

References. Lester, N.P., P.A. Ryan, RS. 6 

Kushneriuk, A. Dextrase and M. Rawson. 2002. The 

effect of water clarity on walleye (Stizostedion 5 —_Max depth = 16 mse 

vitreum) habitat and yield. Percid Synthesis Report, 

Ontario Ministry of Natural Resources, Peterborough, = 4 

Ontario. S at ge : 

Lester, N.P., T.R. Marshall, K. Armstrong, = + a 

WI. Dunlop, and B. Ritchie. 2003. A broad-scale e | ; we 
approach to management of Ontario’s recreational a 2 i | a 

fisheries. North American Journal of Fisheries - : re 

Management 23:1310-1326. "|: re 
Lester, N.P. and B.J. Shuter. In prep. Life 3 | te, 

history based estimation of maximum exploitation "0 1 2 3, 4 5 6 7 8 

rate with an application to walleye fisheries. : Secchi depth (m) 

Morgan, G., N. Lester, and T. Morris. 2003. 

Application of biological reference points to evaluate Figure 2. Estimated B,,,y aS a function of Secchi depth, 
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APPLICATION OF BIOLOGICAL REFERENCE POINTS TO EVALUATE THE STATUS OF 
WALLEYE (Sander vitreus) IN ONTARIO 

George Morgan, Cooperative Freshwater Ecology Unit, Department of Biology, Laurentian University, 1222 
Ramsey Lake Road, Sudbury, Ontario P3E 2C6, Canada, gmorgan(@énickel.laurentian.ca, Nigel Lester, Aquatic 
Research and Development, Ontario Ministry of Natural Resources, 300 Water Street, Peterborough, Ontario K9J 
8M5, Canada, nigel.lester@mnr.yov.on.ca, and Todd Morris, University of Toronto at Mississauga, 3359 
Mississauga Road, Mississauga, Ontario LSL 1C6, Canada, tmorris@utm.utoronto.ca. 

Introduction. Ontario contains more than 4,000 bodies sampled between 1993 and 2001 were 
walleye (Sander vitreus) lakes scattered over compared to maximum sustainable yield biological 
1,000,000 square kilometres. Inland lakes vary is reference points (BRP). Walleye relative abundance, 
size from under 2 hectares to over 150,000 hectares. biomass, and mortality estimates were derived for 
Historically data were collected on very few of these each water body after correcting for gear selectivity. 
lakes using a variety of methods and throughout the The exploitable stock biomass BRP was compared to 
year making it difficult to compare between lakes or the observed FWIN kgenet for walleye >300mm 
over time. In 1993, Ontario began testing a fall total length. The total adult mortality BRP was 
walleye index netting (FWIN) method that was compared to female age 5+ Robson-Chapman 
developed in Quebec. After a slight modification, the mortality estimates (Robson and Chapman 1961). 
FWIN method is now the recommended provincial The ratios of abundance and mortality BRP-to-FWIN 
index netting standard. To evaluate the status of estimate were logio transformed. Individual ratio 
-Ontario’s walleye resource we compared the 1993 to observations were pooled to determine the 80% 
2001 FWIN data to maximum sustainable yield prediction interval ellipse for the entire data set. 
biological reference points for exploitable stock Results. Results from this extensive provincial 
biomass and total adult mortality rate. survey program indicate that Ontario’s walleye 
Methods. Walleye populations were sampled using populations appeared to be healthy (Figure 1). Most 
the FWIN standard (Morgan 2002). The sampling lakes sampled in Ontario had high abundance BRP 
window for the FWIN protocol generally begins in values and low mortality BRP values. 
late summer to early fall when surface water | 
temperatures (at 0.5m depth) have begun to cool to , 
less than 15°C and ends when it reaches 10°C (late | 
fall). During this period walleye are more evenly | 
distributed throughout the water column and the | 
catch rate may be more comparable from year-to-year 1 
and lake-to-lake. The sampling gear is a gill net 
composed of eight 7.6m long by 1.8m deep panels of a 
clear monofilament. The panels are arranged in 3 ot Do 
increasing order of mesh size: 25, 38, 51, 64, 76, 102, : 
127, and 152mm (stretched mesh). The panels are : | 
sewn in order with no spacers. Nets are set at a | 
randomly determined site for one day and one night A (| 
only and then moved to the next site. The gear is set | oF 
perpendicular from the shore, starting at a depth of ae 
2.0m. The offshore end of the net is in less than 2 
15.0m pf water. The sampling effort is stratified into “1.0 05 ao Os to 
two depth categories: 2 to Sm and 5 to 15m. The Mortalty ORP 
small (25mm) and large (152mm) mesh ends of the Figure 1. Status of Ontario walleye populations 
gill nets are alternated on a daily basis so that half of sampled using the fall walleye index netting standard 
the efforts have the small mesh to shore and half have 1993 to 2001 (80% prediction interval ellipse). Inset 
the large mesh to shore. Fish are killed over the 24 graphic (histogram) shows proportion of lakes by 
hour period that the net is in the water at a particular status classification (Healthy = high abundance and 
site. Sampling effort is determined by surface area or low adult mortality, Stressed = high abundance and 
until 200 to 300 walleye samples are obtained, high adult mortality, Heavily Stressed = low 
whichever comes first. All walleye captured were abundance anf high adult mortality, and “Low” 
biologically sampled for fork length (mm), total Abundance = low abundance and low adult 
length (mm), wet weight (g), gonad weight (g), and mortality). 
visceral fat (g). Sex and maturity was determined by , 
internal examination of the gonads (Duffy et al. However, at the regional level there was a 
2000). Fecundity was estimated from mature ovaries significant trend. The proportion of healthy 
collected and preserved in 70% ethanol. Scale, populations declined from the northwest (NW region) 
spines, and otoliths were collected for age to the northeast (NE region) to the south central 
determination. region (SC region) (Figure 2). 

: To evaluate the status of walleye populations in 
Ontario, FWIN results from approximately 400 water 
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were found in one-half of the lakes sampled in 2001 
and over 40% were classified as low abundance. The 

NW region relationship between population health and the 
number of licensed resident anglers suggests that 
exploitation pressure may be a major factor limiting 
population growth. 

This study clearly demonstrates the importance 
of extensive databases derived from surveys using 
standard sampling methodologies and appropriate 

| sampling frameworks. Fisheries managers can use 
2 . this information on overall resource status to evaluate 
3 NE , current management actions and propose future 
S region changes. Walleye populations in Ontario generally 
3 appear healthy but stricter harvest controls may need 
= to be implemented in the south-central region to 
xe protect currently healthy populations and rebuild low 

abundance populations. 
: Acknowledgements. Our thanks to the many 

dedicated Ontario Ministry of Natural Resources . 
field staff who worked long and difficult hours to 

SC region collect the data. The analysis was supported in part 
by the Ontario Ministry of Natural Resources and the 
Cooperative Freshwater Ecology Unit, Laurentian 
University. 
References. Morgan, G.E. 2002. Manual of 

, instructions — fall walleye index netting (FWIN). 
Healthy Stressed Heavily “Low” Percid Community Synthesis, Diagnostics and 

Stressed Abundance Sampling Standards Working Group. Ontario 2 
Ministry of Natural Resources. 34p. . 

Figure 2. Classification of walleye population status Duffy, M.J., J.L. McNulty, and T.E. Mosindy. 
by region (Healthy = high abundance and low adult 2000. Identification of sex, maturity, and gonad 

| mortality, Stressed = high abundance and high adult condition in walleye (Stizostedion vitrem vitreum). 
mortality, Heavily Stressed = low abundance and Northwest Science and Technology Field Guide: FG- 
high adult mortality, and “Low” Abundance = low 05. Ontario Ministry of Natural Resources, 
abundance and low adult mortality). Northwest Science and Technology Unit, Thunder 

Bay, Ontario. 33p. : 
Discussion. Ontario’s walleye resource appears to be Robson, D.S. and D.G. Chapman. 1961. Catch 
healthy as defined by BRP for abundance and adult curves and mortality rates. Transactions of the 
mortality. This result is somewhat surprising American Fisheries Society 90:181-189. 
considering that the majority of the lakes that were ) | 
sampled were issue lakes (i.e., identified by Ontario 
Ministry of Natural Resources staff to be sampled 
because of local users complaints over the status of 
their individual walleye population). Only the south 
central region was sampled using a stratified random 
design. Lakes were stratified by surface area, 
transparency, productivity, and climate. From this | 
framework a 25% random sample was drawn and all 
lakes were netted in the fall of 2001. Based upon this 
sample, the walleye resource in the south central 
region appears to be in the worst shape. 

The decline in the proportion of healthy 
populations from the northwest region through to the 
northeast region to the south central region is similar 
to the pattern in resident angler license holders. In 
the northwest region (where walleye populations 
were mostly healthy) there are approximately 50,000 
resident anglers. There are 4 times as many anglers 
(200,000 license holders) in the northeast region 
where there are a lower proportion of healthy 
populations and more low abundance populations. 
Compared to the northwest region there are 15 times 
as many anglers (750,000 license holders) in the 
south central region. Healthy walleye populations 
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. EFFECTS OF WALLEYE STOCKING ON THE FISH COMMUNITY OF LAKE THIRTEEN 

Rodney B. Pierce, Minnesota Department of Natural Resources, 1201 East Highway 2, Grand Rapids, MN 
55744, USA, rod.pierce@dnr.state.mn.us . 

Introduction. Walleye Sander vitreus stocking bass Micropterus salmoides and pumpkinseed 
has historically been a major component of the Lepomis gibbosus populations also had variable 
fisheries management program in Minnesota and recruitment, with the two coldest summers (1985 
elsewhere. The popularity of walleye stocking _ and 1992) corresponding to the two weakest year 
aS a management tool has led to increases in Classes for both species. Summer temperatures 
stocking with little regard for fish community (mean of June-August temperatures each year) 
dynamics. In this study, fish community and relative abundance of largemouth bass 
responses to discontinued walleye stocking were (electrofishing catch/effort) accounted for much 
monitored in a north-central Minnesota lake that of the variation in year effects from the linear . previously had a consistent history of fry growth model for largemouth bass (R7=0.62: 
stocking. P=0.002; df=2,13; F=10.77). For pumpkinseed, | Methods. Lake Thirteen is a 222 ha lake with a summer temperatures and relative abundance of 
maximum depth of 17 m._ Fish population their primary predator (largemouth bass) also 
assessments by gill netting, trap netting, and explained much of the variation in year effects 
electrofishing during 1986-2002 tracked changes from the growth model (R?=0.83; P<0.001: 
in relative abundance, size structure, and growth df=2,13; F=30.73). Largemouth bass habitat use 
rates of fish in response to discontinued walleye overlapped with walleye, and their diets 
stocking during 1989-1996. Walleye fry overlapped primarily in their use of yellow 
stocking was resumed in 1997. Supplementary perch, dipterans, and ephemeropterans. 
information was collected on fish diets and The yellow perch population was initially 
habitat use. A linear growth model (Weisberg typified by abundant large fish and a broad range 
and Frie 1987; Weisberg 1993) that partitioned of age classes. During the study, large changes 
variation in scale growth into age effects and were observed that coincided with changes in the 
year (environmental) effects was used to walleye population. Electrofishing catches, 
examine the influences of interannual which tended to select for smaller yellow perch. 
temperature changes and fish densities on year than gill-net catches, showed increasing numbers 
effects. The Wisconsin bioenergetics model of of small fish after walleye stocking was 
fish growth (Hanson et al. 1997), using discontinued in 1989, and catch rates of small 
physiological parameters developed for walleye yellow perch peaked just prior to resumption of 
(Kitchell et al. 1977; Madon and Culver 1993), walleye stocking in 1997 (Figure 1). Numbers 
was used to model walleye consumption of of small yellow perch were reduced again 
yellow perch Perca flavescens. following resumption of walleye stocking. Gill- 
Results. Large changes occurred in size net catches indicated a decline in abundance of 
structure and relative abundance of walleye. The large, older yellow perch throughout the study. 
effect of discontinued stocking was to decrease Growth rates of yellow perch were density 
the abundance of younger age classes of walleye dependent and not related to summer 
in the lake, and walleye were re-established temperatures. Year effects from the linear 
when fry stocking was resumed. An unusually growth model showed a significant negative 
large 1988 year class had large effects on the size relationship with electrofishing catch rates for 
structure of the walleye population as the year yellow perch (R7=0.58; P=0.001: df=1,13; 
class grew older, and density-dependent growth F=17.93). Slowest growth rates were for yellow 
was evident for walleye. Mean backcalculated perch year classes produced during 1991-1997 
total length at age three was 260 mm (SE=3) for (mean backcalculated total length at age 3 of 
the dense 1988 year class, but after stocking was 104-126 mm for each year, with SE of 2-4 mm). 
resumed, age three fish were 327 mm (SE=5). Fastest growth rates were for year classes 

Natural variation in recruitment was a produced during 1983-1990 and 1998-1999 
predominant theme among the other fish species. (mean backcalculated length at age 3 of 133-159 
The northern pike Esox lucius population was mm for each year, with SE of 3-10 mm). 
characterized by variable recruitment that was Bioenergetics modeling projected large . apparently not linked to walleye stocking, water annual differences in consumption of yellow 
levels, or yellow perch densities. Largemouth perch by walleye. Consumption of small (<125 

119



mm) yellow perch was negligible in 1995-1996 was funded in part by Federal Aid in Sport Fish 

(573 — 1,240 kg/yr) when small walleye were not Restoration project F-26-R in Minnesota. 

present, compared to earlier (1987-1988) and References. Hanson, P. C., T. B. Johnson, D. E. 

later (2000, 2002) years of walleye stocking Schindler, and J. F. Kitchell, 1997. Fish 

when consumption of small yellow perch was bioenergetics 3.0. University of Wisconsin, Sea 

estimated to be 79,103 — 255,251 kg/yr. Grant Institute, WISCU-T-97-001, Madison. 

Consumption of large (>125 mm) yellow perch Kitchell, J. F., D. J. Stewart, and D. 

was projected to be greatest during 1995-1996 Weininger. 1977. Applications of a 

(824,880 — 1,008,496 kg/yr) when the walleye bioenergetics model to yellow perch (Perca 

population consisted almost exclusively of large flavescens) and walleye (Stizostedion vitreum 

fish from the 1988 year class. Consumption of vitreum). Journal of the Fisheries Research 

large yellow perch was lowest during 2000 and Board of Canada 34: 1922-1935. 

2002 (57,305 — 290,003 kg/yr) when there were Madon, S. P., and D. A. Culver. 1993. 

relatively low numbers of both large walleye and Bioenergetics model for larval and juvenile 

large yellow perch. walleyes — an in-situ approach with experimental 7 

Discussion. Walleye predation played a large ponds. Transactions of the American Fisheries 

role in structuring the yellow perch population in Society 122: 797-813. | 

Lake Thirteen. When _ stocking was Pierce, R. B., and C. M. Tomcko. 1998. 

discontinued, reduced predation on small yellow Effects of discontinuing walleye stocking on fish 

perch allowed their numbers to expand, and led populations in Lake Thirteen. Minnesota 

to reduced growth rates of yellow perch. When Department of Natural Resources, Section of 

stocking was resumed, walleye predation Fisheries Investigation Report No. 463, St. Paul. 

reversed the trend by reducing numbers of small Weisberg, S. 1993. Using hard-part 

yellow perch and improving their growth rates. increment data to estimate age and 

Bioenergetics modeling confirmed walleye environmental effects. Canadian Journal of 

predation as a plausible explanation for changes Fisheries and Aquatic Sciences 50: 1229-1237. 

in the yellow perch population. All of the trends Weisberg, S., and R. V. Frie. 1987. Linear 

in relative abundance of small yellow perch were models for the growth of fish. Pages 127-143 in 

explained by walleye feeding rates and changes R. C. Summerfelt and G. E. Hall, editors. Age 

| in the size structure of the walleye population. and growth of fish. Iowa State University Press, 

Variable recruitment, intraspecific Ames. 

competition for food, and interannual climate 

changes all helped confound analyses of other 

changes in fish community structure. Summer 
water temperatures affected growth and 

recruitment of centrarchid species in the lake. _ 200 

Intraspecific competition was evident among fish _~ 

species, and was intense enough to restrict = 450 

growth rates of walleye, yellow perch and 0 $ $ 

largemouth bass. Given the range of food habits 2 

for these species (Pierce and Tomcko 1998), a = 100 t 

: variety of food resources must have been 2 7 | = 

limiting in Lake Thirteen. Competitive effects of c $ 

walleye stocking on largemouth bass were not 2 50 $4 

documented, even though food and habitat use oO ¢ 

for the two species overlapped considerably. 3, $ 

In summary, yellow perch was the species 0 

most sensitive to changes in the walleye 1985 1990 199520002008 

population, and the dynamics observed during Year 

this study are relevant to the ecological roles of 
both percids. These results illustrate how 

| predator wees can mediate structural changes in a Figure 1. Electrofishing catch rates (ESE) for 

Ackrowledgenents. f thank C. Tomcko, J. yellow perch during 1986-2002 in Lake Thirteen. 

| Younk, M. Negus, D. Pereira, P. Wingate and all 
others who helped with this study. The work 
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ARE PERCID FISH OVERESTIMATED BY GILLNET SAMPLING? 

Marie Prchalova and Jan Kubetka, Faculty of Biological Sciences, University of South Bohemia, Branigovska 31, 
370 05 Ceské Budéjovice, Czech Republic and Hydrobiological Institute, Czech Academy of Sciences, Na 
Sadkach 7, 370 05 Ceské Budéjovice, Czech Republic, marie.p rchalova@bf.jcu.cz 

Introduction. Common percid fish — perch (Perca the number of percids to the sum of percids and 
fluviatilis), pikeperch (Stizostedion lucioperca) and cyprinids — 10 from Dutch reservoirs, 15 from the 
ruffe (Gymnocephalus cernuus) -— possess a Rimov reservoir and one from the Stavi&té reservoir. 
structured body surface and have a relatively firm A higher proportion of percid fish in gillnets was 
body structure (Kipling, 1963). This, together with a found in 77% of cases. Statistical analysis showed 
potential difference in activity, may result in higher significant differences between proportions of percids 
probability of capture and retention in gillnets 
comparing with smooth bodied fish like cyprinids or 100 - 
salmonids. Due to this, percid fish can be 80 - a WN . @ others 
overestimated by gillnets. | | = bream 

To verify potential bias, we compared fish 60. G 
species composition based on catches with gillnets ae . “roach and a different fishing gear. As a reference gear, 40 7 yy WY, @ rutfe shore seines at the same time and site was used. 20 rn jf an | & perch 
Methods. = Suitable data for observing potential ey = EE - overestimation of percid fish were taken from three O 1H ESSE _EEEEEG) _ IES 

| Dutch water-supply reservoirs (De Gijster, Honderd Dutch Dutch Czech Czech 
en Dertig and Petrusplaat) and two Czech reservoirs gillnets seines  gillnets _seines 
(Rimov and Stavisté) during 1998 — 2002. ; 

Nordic multimesh benthic gillnets were used for fro m two compared fishing Bears (P- level 0.0142) 
the studies. Sets included 13 different mesh sizes — 6, Figure 1. Aver age species composition from gillnets 8, 10, 12.5, 16, 19.5, 24, 29, 35, 43, 55, 70 and and seines in Dutch and Czech reservoirs. 

90 mm (knot to knot). Each panel was 1.5 m high and In individual catches, the overestimation index 25 m long. Benthic gillnets were set for 12 hours varied between 0.7 and 16. Tablel shows the 
overnight in the littoral in the depth 2 — 3m. Hauls weighted average of the overestimation index for 
with 50 m shore seines with mesh size 10 mm (knot total number of percids and for particular perciform 
to knot) were carried out during the same night and species. With only one exception — ruffe in Dutch 
on the place as close to the gillnets as possible to not reservoirs perciform species were overestimated by 
disturb fish. gillnets. The highest overestimations were gained for 

Absolute numbers of caught fish from bo th gears ruffe and perch in Czech reservoirs and for pikeperch were converted to a ratio of number of percids to the from Dutch reservoirs. 
sum of numbers of percids and cyprinids. Cyprinids Overestimation index of percids was found to be 
created major part of abundance im selected FeServOlrs adversely related to the proportion of percids in the 
and they repres ent a close group considering the community from the reference catch (Fig 2). In high 

morphology This ratio was tested with multifactor percid densities, the overestimation index cannot be 
analysis of variance (MANOVA, p-level of 0 05) high by definition. This may partly explain higher 

after arcsin transformation. An overestimation index values of overestimation indexes in Czech reservoirs 
of percids from gillnets was determined as a ratio of (Table 1). After log-transformation, the relationship — the proportion in gillnets / proportion in seine. Values in Figure 2 can be described by linear function 
above 1 mean overestimation and values below 1 (Log y= -0.74 Log x + 1.33; R?0.75) and has a 
signify underestimation of percids by gillnets. hyperbolic course similar for all three perciform Results. Percids (perch, pikeperch, ruffe) and species. 

cyprinid fishes (mainly roach Kutilus _rutilus, Discussion. The catchability of fish by gillnets is 
common bream Abr. amis brama and bleak Alb urnus affected by factors, which are related either to the 
alburnus) comprised 90 — 100% of both gillnet and characteristics of the net or of the fish (Reis & seine catches in all reservoirs (Fig. 1). The rest of Pawson, 1999). Many works were oriented to the 
catches were represented by a sporadic catch of pike significance of nets parameters (Kurkilahti, 1999), 
(Es ox lucius), trout (Salmo trutta), eel (Anguilla but less attention was paid to the fish attributes. anguilla) and smelt (Osmerus eperlanus; in Dutch 
reservoirs only). We compared 26 couples of ratios of 
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Table 1. Average overestimation index (OI) and to escape. We should also consider selectivity of 

proportion in catch (%) for total number of percids seining due to physical obstructions and various 

and for particular perciform species. ecology of species (Parsley et al., 1989; Pierce et al., 

Reseois Dutch Czech” Both 1990). Two types of reservoirs differed in species 

eee proportions and many aspects of fish biology 

roves ronan Ol ma ao ‘S (Kubetka et al, 1998) and the patterns of net 

Zo mn puine’s selectivity may differ between them. 

7 in semes 36 7 32 The results showed that the positive 

Perch: Ol 1.91 2.62 2.28 overestimation of percids by gillnets and higher 

a o in gillnets 29 2s 29 probability of capture usually take place in reservoir 

* mm semes IS i 13 surveys. Selectivity of gillnets is complicated by both 

aah a *S 0 ua we mechanical and behavioral aspects of fish capture as 

vom eh he's well as by the fish community structure. However, 

%o n Seles | 3 , _ multimesh gillnet is a very robust and frequently used 

ae oT t oe 538 on sampling gear and in many cases it is the only 

o, in gine method capable of fair sampling of all habitats of the 

_%inseines 40ST reservoir. Also due to constancy of this gear, the long 

time gillnet data are highly valuable. Therefore, we 

believe that correcting the selective gillnet catch by a 

25 - sound correction factor is a challenging task worth 

- ° @ Realvales intensive investigation. Future studies should include 
@ 20 . . 
3 more detailed analysis of the capture mechanism, 
£ © Modelvales . . oe . . 

5 1518 . more extensive catch Statistics, and experiments with 

% gillnet selectivity in tailored fish communities. 
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#e of percids from seines References. Kipling, C. 1963. Some estimates 

Figure 2. Dependence of value of overestimation of theoretical minimum expected sizes of perch in gill 

index on proportion of percids in_ reference nets. ICNAF Special Publication 5: 128-130. 

community. Kubetka, J. et al. 1998. Composition and 

biomass of the fish stocks in various European 

Overestimation index of percids varied a lot reservoirs. Internat. Rev. Hydrobiol. 83: 559-568 

between two groups of reservoirs. No obvious Kurkilahti, M. 1999. Nordic Multimesh Gillnet — 
similarity for the same species or the same reservoir Robust Gear for Sampling Fish Populations. 

was found. The results suggest that the patterns of Academic Dissertation, University of Turku, Finland. | 

gillnet overestimation of percids are more Helsinki, 113 pp. 

complicated than simple mechanical selectivity. The Parsley, M.J. D.E. Pamler and R.W. 

highest difference was found with ruffe. It 1s Burkhardt.1989. Variation in Capture Efficiency of a 

interesting, that ruffe was slightly underestimated by Beach Seine for Small Fishes. N. Am. J. Fish. 

gillnets in Dutch reservoirs, while it was very much Manage. 9: 239-244. 

selected in the Czech reservoirs. Significant Pierce, C.L., J.B. Rasmussen and W.C. Leggett. 

proportion of more active perch in Dutch reservoirs 1990. Sampling littoral fish with a seine: corrections 

may be responsible for the discrepancy. Another for variable capture efficiency. Can. J. Fish. Aquat. 

explanation would be habitat selection of ruffe and Sci. 47: 1004-1010. 

ability of fishing gears to cover microhabitats. On the Reis, E.G. and M.G. Pawson. 1999. Fish 

flat concrete bottom and shores of Dutch reservoirs, morphology and estimating selectivity by gillnets. 

the effectiveness of gillnets and seine nets could be Fisheries Research 39: 263-273. 

comparable. Contrary to this, the Czech reservoirs 

have natural beaches, where the benthic gillnets can 
follow the roughness of the bottom, whereas hauls 

with seine nets over such a bottom leave many gaps 
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| THE EFFECT OF STOCKING SIZE ON SURVIVAL OF FINGERLING PIKEPERCH (Sander lucioperca) 

Jukka Ruuhijarvi, Finnish Game and Fisheries Research Institute, Evo Fisheries Research Station, Rahtijarventie 291, FIN-16970 Evo, FINLAND, jukka ruuhijarvi@rktl.fi, and Matti Salminen, Finnish Game and Fisheries Research Institute, P.O. box 6, FIN-00721 Helsinki, FINLAND. 

Introduction. Stocking one-summer-old fingerlings 10 000 fry/ha in the beginning of June. Ponds were is a popular method to increase recruitment of harvested in September and the fingerlings were pikeperch (Sander lucioperca) in Finnish lakes. transported to Evo Fisheries Research Station. During last decade, 8-10 million pikeperch Fingerlings were marked with hot branding (Saura fingerlings have been stocked in Finnish lakes every 1996) and transported and stocked from shore to | year. Most of the stockings are made in lakes having Enonselka the day after marking. Water temperature a self-sustaining pikeperch population. during pond harvest, marking and stockings was 10 — Pikeperch fingerlings reared in natural food 14°C. Extra mortality caused by marking was ponds are usually smaller than natural fingerlings of estimated by keeping 200 fingerlings of each marking same latitudes in the end of their first summer batch in 1 m? tanks for one month. Stocking numbers (Ruuhijarvi et al. 1996, Ruuhijarvi and Hyvarinen (Table 1) were adjusted with the average survival of . 1996). Large size at the end of the first growing each group of fingerlings. The number of fingerlings Season is known to improve the survival of pikeperch in different stocking groups varied from 27000- through their first winter (Buijse and Houthuijzen 47000 (average 37000), and the total annual stocking 1992, Lappalainen et al. 2000). density from 25 - 33 fingerlings/ha. 
The pikeperch catches obtained by stocking Samples of 2+ and 3+ pikeperch, not yet pond-reared fingerlings have been very variable and recruited to fishery, of year-classes 1997-99 were in most of the lakes they have not covered the collected with 25, 30, 35, 45 and 55 mm (bar length) stocking costs (Ruuhijarvi et al. 1996). The objective gillnets in October after the growing season in 1999- of this study was to find out how much the survival 2002 and in May before the growing season in 2000. of stocked pikeperch could be improved by stocking Brand-marks and age, determined of scales, were fingerlings with size equal to the natural ones. The used to identify wild fish and fish belonging to contribution of stocked large and small fingerlings to different stocking groups. The number of recoveries pikeperch recruitment was studied in a lake having a (Table 2) (in relation to numbers stocked) was then self-sustaining pikeperch population. used as an index for survival in each group. Methods. In the study area, the Enonselka basin We considered possible to detect a 30 % (2 600 ha, 61°00’N, 25°30’E) in the eutrophic Lake departure from intended 50:50 stocking ratio of Vesijarvi (11000 ha) biomanipulation by mass conventional and large fingerlings at the significance removal of cyprinids was successfully performed in level a=0.05 and power 1-B=0.90 (Elrod and Frank 1989-1993 (Horppila and Peltonen 1994). Pikeperch 1990) (Table 1), which required with the true was introduced to the lake in 1984-91 by stocking (adjusted) stocking ratios 103, 151 and 132 fingerlings and first strong natural year-class was recaptures of the year-classes 1997, -98 and —99 born in 1992 (Peltonen et al. 1999). High fishing respectively. The likelihood ratio (G’) test was mortality of juvenile pikeperch due to extensive use applied to test for differences in the recapture rates : of 35-45 mm (bar length) gillnets kept the pikeperch for conventional and large fingerlings. stock at unsatisfactory low level. In 1997, gilinets of 

mesh sizes 22-49 mm (bar length) were forbidden Table 1. Stockings of conventional and large 
(Suoraniemi et al. 2000). This fishing restriction, pikeperch fingerlings and the estimated need of together with the 40 cm minimum size limit, made recaptures 
the Enonselka basin a suitable environment for this 

Two size groups, “conventional” (71-73 mm TL) control survival % 756 75.4 95 corresponding the average size of pond-reared adjusted no. st. 38000 38000 36000 fingerlings and “large” (88-96 mm TL) mean lenght mm 73 "1 73 corresponding the average size of wild fingerlings mean weight g 2.3 2.4 29 were stocked marked in September in 3 successive 
years, 1997-1999. Pikeperch fry used in the study arge contoleurvival% 903 een originated from wild spawners from Vanajavesi adjusted no. st. 27000 47000 38000 watercourse, southern Finland and were of same mean lenght mm 88 90 96 origin as the established stock of Lake Vesijarvi. Two 
size groups of fingerlings were raised in two ponds 
using different stocking densities. The pond used for 
rearing conventional fingerlings was stocked with 
20 000 fry/ha and the pond for large fingerlings with 
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Table 2. Samples of 2+ and 3+ pikeperch of the two stocking groups and wild fish collected from the Enonselka 
basin in years 1999-2002, and the statistical analyses of the results (G- test). 

97 conventional 19 8 27 3.338, p>0.05 13.97 p<0.05 

large 43 42 85 

wild 85 26 111 

98 conventional 9 5 14 0.022, p>0.05 186.1, p<0.05 

large 241 123 364 

wild 53 10 63 

99 conventional 18 21 39 ~—s- 0.789, p>0.05 49.46, p<0.05 

large 86 137 223 

wild 66 87 153 

Results. The numbers of young pikeperch of the two the end of growing season is in most cases not 
stocking groups and wild fish in the samples feasible. 
collected from the Enonselké basin in years 1999- References. Buijse, A.D. and Houthuijzen, R.P. 
2002 are shown in Table 2. The survival rate of the _ 1992. Piscivory, growth, and size-selective mortality 
large fingerlings in relation to the stocking numbers of age 0O pikeperch (Stizostedion lucioperca). 
was in year-class 1997 4.4, in year-class 1998 21 and Canadian Journal of Fisheries and Aquatic Sciences 
in year-class 1999 5.4 times higher than the survival 49:894-902. | 
rate of conventional fingerlings. The number of Elrod, J.H. and Frank, A. 1990. Sample size 
samples of every year-class was sufficient for requirements and analysis of tag recoveries for paired 
statistical analyses. The distribution of recaptures releases of lake trout. North American Journal of 
over sampling years was homogenous between Fisheries Management 10:196-201. 
conventional and large fingerlings at the 5 % risk Horppila, J. and Peltonen, H. 1994. The fate of a 
level (Table 2, G* —test of independence). In each roach Rutilus rutilus stock under an extremely strong 
year-class the difference of survival of conventional fishing pressure and its predicted development after 
and large fingerlings was statistically significant the cessation of mass removal. Journal of Fish 
(Table 2, goodness of fit). The results show, that Biology 45:777-786. 
larger stocking size at the end of first growing season Lappalainen J.. Erm V., Kjellman J. and 
improved the survival of pikeperch fingerlings. Most Lehtonen H. 2000. Size-dependent winter mortality 
of the pikeperch recruits in year-classes 1997-99 of age-0 pikeperch (Stizostedion lucioperca) in Parnu 
were of stocked origin in the Enonselka basin. The Bay, the Baltic Sea. Canadian Journal of Fisheries 
natural recruitment also had a_ remarkable and Aquatic Sciences 57:451— 458. | 
contribution to pikeperch stock in these year-classes. Peltonen, H., Ruuhijarvi, J., Malinen, T., 
Discussion. Results of this experiment confirm that Horppila, J., Olin, M. and Keto, J. 1999. The effects 
the common observation of better survival of larger of food-web management on fish assemblage ) 
fingerlings in natural pikeperch populations in dynamics in a north temperate lake. Journal of Fish 
various habitats, e.g. Lake Issel (Buijse and Biology 55:54-67. 
Houthuijzen 1992) and Parnu Bay in the Baltic Sea Ruuhiyarvi, J. & Hyvarinen, P. 1996. The status 
(Lappalainen et al. 2000), is valid for stocked of pike-perch culture in Finland. Journal of Applied 
fingerlings in Finnish lakes also. In the Enonselka Ichtyology 12:185-188. 
basin the improvement of survival was good enough Ruuhijarvi, J., Salminen , M. and Nurmio, T. 
to cover the 2-3 times higher production costs of 1996. Releases of pikeperch (Stizostedion lucioperca 
larger fingerlings. The production of large pikeperch (L.)) fingerlings in lakes with no_ established 
fingerlings is, however, risky and requires a pikeperch stock. Annales Zoologici Fennici 33:553- 
productive pond with rich zoobenthos food supply 567. 
and a warm and long growing season. Another way to Saura, A. 1996. Use of hot branding in marking 
improve survival of stocked pikeperch fingerlings juvenile pikeperch (Stizostedion lucioperca). Annales 
might be to stock them in July-August during the Zoologici Fennici 33:617-620. 
growing season. The growth of pikeperch fry 1s often Suoraniemi, M., Laine, S., Malinen, T., 
faster in ponds than in lakes in June, but retards later Térmdnen, A.-I., Luokkanen, E. and Kairesalo, T. 
in the summer because shortage of suitable sized 2000. Comprehensive approach to the rehabilitation 
food. Sutela and Hyvdrinen (2002) showed that and management of Vesiarvi, a lake in southern 
pikeperch fingerlings stocked to Lake Oulujarvi in ‘Finland. Boreal Environment Research 5:1-13. 
the beginning of August were able to predate on fish Sutela, T. and Hyvarinen, P. 2002. Diet and 
fry and grew faster than wild or in the rearing pond growth of stocked and wild 0+ _ pikeperch, 
left fingerlings in late summer. The pikeperch Stizostedion lucioperca (L.). Fisheries Management 
stocking practices in Finland need reconsidering. One and Ecology 9:57-63. 
way or another the reared fingerlings should grow 
larger before the fall. Stocking small fingerlings in 
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MANAGEMENT OF LAKE LOHJANJARVI PIKEPERCH (Sander lucioperca) - A FADING SUCCESS? 

Matti Salminen, Finnish Game and Fisheries Research Institute (FGFRI), Pukinmdenaukio 4, P.O. Box 6, FIN- 00721 Helsinki, Finland, matti.salminen @rktL fi, and Jukka Ruuhiyarvi, Finnish Game and Fisheries Research Institute, Evo Fisheries Research Station, FIN-16970 Evo, Finland. 

Introduction. Pikeperch is one of the most important registers of licensed fishermen. Catch data were also fish species in Lake Lohjanjarvi (89 km’), Southern obtained from two nation-wide surveys (Leinonen et Finland. In 1980-2001, pikeperch yield varied from al. 1998; Anna-Liisa Toivonen, pers. com.). 4000-21000 kg, of which ca. 90% was taken by Results. In the Isoselki basin, fishing effort dropped gillnets. The no. of gill-netters varied from 300-700, markedly between 1990 and 1994 (Fig 1), partly due each having a license for 1-4 nets. Trolling accounted to the reluctance of fishermen to invest in new 50 for ca. 10% of the yield. Catch was mainly used for mm nets. In Karjalohjanselki, where 50 mm nets household needs, but some fishermen also sold fish. were to some extent used, effort remained first at the Most gill-netters fished with small gear (length * previous level. Later a decreasing trend became height 30 m * <2 m) near the shoreline in the evident also here, probably indicating a deeper summer, targeting on pikeperch and a number of change in fishing habits. | other species (e.g. Esox lucius, Perca fluviatilis, 
Coregonus lavaretus). In the two deeper basins (>30 : i 
m, Karjalohjanselka, Isoselka), special pikeperch nets ; 40 1 a. | | . (60 m * >10 m) were used, mainly set in mid-water. | 35 a a | This fishery, which took place in September- 30 I __. ad | December and, after icing, again in January-April, | 25 — —| |—- accounted for the most part of the pikeperch catch. 20 - : Lehtonen and Miina (1988) reported high fishing Effort 15. ~ 4 | mortality and a low age at recruitment (4-6 yrs) for | 10 - pn | Lake Lohjanjirvi pikeperch. Growth over-fishing | S + 7 + Ty was regarded as evident and recruitment over-fishing | © ons 1990 "1994 1996. 1998 2000 as possible. A larger gill-net mesh size (50-55 mm) | Year of survey and a larger minimum landing size (MLS, 40-42 cm i | TL) were thus suggested, in order to increase the age a at recruitment to 5-6 years. Fig 1. Gillnet fishing effort (1000 net-days), as On this recommendation, the local fishing estimated from fishing surveys. Black columns: authority decided in 1992 to raise the minimum bar Isoselké. White columns: Karjalohjanselka. length of all large (height > 2 m) gillnets from 45 to 
50 mm, and MLS from 37 to 40 cm. In addition, After the implementation of the larger mesh size, YOY pikeperch were stocked in 1991-95. The aim the average catch size of pikeperch in nets increased was to increase and stabilize pikeperch catches. In from 600-700 to 900-1000 g. However, no clear this study we assess whether these goals were change was observed in the age structure of the catch achieved. (Table II), due to the large overall variability in year- Methods. All YOY pikeperch stocked were marked class strength and the coinciding increase in using hot branding (Saura 1996) (Table I). pikeperch growth rates (Fig 2). 

Table I. Stocking of YOY-pikeperch Table II. Catch age-structure in pikeperch gillnets (45 Years Year Year Year Year All mm mesh until 1991/92, men D mm mesh). The 1991 1992 1993 1904 1995 most abundant age group is in type. 

: No. offish 14800 20000 40800 41300 40000 146G900 2 Age-group 
And./ha 16 822 6440 ©6456 643 169 ‘Season 1+/2 2+/3 3+/4 4+/5 5+/6 6+/7 7+/8 >8 Total n 
Sizemm 84 77 7387 92 ~~ 987 1979/80 162 19 57 390 200 114 29 29 1000 105 

1980/81 123 279 39 71 42.2 52 13 100,0 154 Catch samples and CPUE data from pikeperch 1981/82 1.4 50.6 205 28 56 185 O06 100.0 356 nets were obtained from 3-6 bookkeeping fishermen 1982/83 7? 142 21,9 7.1 11.2 35.5 24 1000 169 in autumn/winter seasons 1993-2001. Catch and | 1985/86 09 19 142 425 340 57 09 100.0 106 effort were recorded by fishing occasion. Marks were 1991/92 920 09 36 18 O98 O9 1000 112 checked and standard scale samples were taken for / 1993/94 73 104 63 71.9 10 31 1000 96 age determination. Comparable older catch samples 1994/95 19 51.5 379 29 58 100.0 103 were available from the scale archives of the FGFRI. 1995/96 08 16 91 778 83 10 12 100.0 492 jee Olal gear-specific fishing efforts, catches of — jg95g7 99 145 255 282 282 18 09 1000 220 different fish species, and pikeperch CPUE in all nets 199798 03 24 75.0 135 68 12 08 03 1000 340 
were assessed using mailed fishing surveys. Two , 1998/99 05 29 999 677 47 10 07 02 100.0 40? surveys were performed for this study (1996, 2000), 1999/00 04 46 521 366 63 10 . 100.0 284 five by local water authorities (1981, 1983, 1990, 2000/01 24 39 246 OBE 357 56 1000 126 1994, 1998). Samples were drawn from the local | ——= 
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co ne than the present one. Given the present fast growth, 

larger catches per recruit and higher CPUEs could 

500} ———0*% probably be expected by applying 55 mm mesh and 

asa ___o ote 7! 42-45 cm MLS. Uncertainties and implementation 

£ , risks related to such a decision may, however, be too 

| = 400 fe big. 

| < aco | Og | Releases of YOY-pikeperch _ contributed 

3 . | markedly to pikeperch catches and fisheries, and 

| 300 | were probably a success also in economic terms. 

| 

| 250 an | Fig 4. Total catches of pikeperch, as estimated from 
200 ttt ! fishing surveys. Black columns: local surveys; white 

| 5 5 § S : S 8 8 columns: nation-wide surveys. 

| Year class en 

La 
| 

| Lg : 
Fig 2. Pikeperch mean length (mm) at age 5 | | 

| = 204 wf a 

Stocking contributed significantly to the | § oo | yp 

recruitment of pikeperch in year-classes 1991-1995 2 15} | 

(Table II}. Contribution to fishery peaked in 1998, 8 10 +--+ — —_—-—-}}- J 

when 60% of catches consisted of marked fish. | 8 7 | 

Due to insufficient historical data, trends in | 37 | ———Ft— ia | | 

pikeperch CPUE cannot be properly assessed in | 0: | Ba. . 

relation to the new fishing regulations. The observed eo 2 2838 8 8 § 

increase in CPUE in 1996-2001 (Fig 3) was largely | $388 & 8 & & 8S 
attributable to stocking, although the larger average | : | 

catch size probably also contributed positively. L Year | 

Despite increasing CPUE in pikeperch nets, ce nn nn 

neither increase nor stabilizing could be observed in 
the total catches of pikeperch in 1996-2001 (Fig 3). Table III. No. of marked fish in catch samples by 

The positive impacts of management were year-class (A, YCL), and by sampling year (B). 

counteracted by the decreasing popularity of gill-net i nn 

fishing. A YCL YCL YCL YCL YCL~ Al 
I 14991 1992 1993 1994 1995 . 

| 80 | No. offsh 476 144 157 799 31 = 1907 

| TO pr 70 Marked 20 47 13. 497 224 901 

3 60 a: (es [re i 60 % 42 326 720 622 677% 472 
5 50 }———--- NA+ 50 
= 49 tft Ast tol 3 7 

| 2 \ jv : ear Year Year Year Year Year 

/ 30 - ee \// — 30 | 1995 1996 1997 1998 1999 2000 

| & 20 pe TON a 20 ‘No. of fish 316 355 353 A74 305 488 

| 10 - _— CT _—E>ee — i 10 ‘Marked 20 b4 199 204 168 161 

| Onto ee oe % 8.2 180 564 599 451 33,0 

" sg<eszssses SF S55 S | 
| ee cishing season oo ee | Acknowledgements. We thank Kar] Sundman for the 

| 9 | scale analysis, Sakari Kuikka for comments on the 

ee manuscript, and Pekka I!marinen, Esko Manninen, 

Fig 3. Pikeperch CPUE in all nets (columns: Pentti Nikander, Mikko Raunio, Seppo Sundstrém, 

estimated from fishing surveys), and in pikeperch and Pekka Sjogren for co-operation in collecting 

nets (line). The former refer to entire years (1983, data. 

1990 etc), the latter to fishing seasons (Sept.-April). References. Lehtonen, H. and T. Miina. 1988. 
Minimum size of pikeperch (Stizostedion lucioperca 

Discussion. Our results are another example of (L.)) for exploitation in Lake Lohjanjarvi, Southemn 

uncertainties related to fisheries management Finland. Aqua Fennica 18: 157-164. 

decisions. Larger gill-net mesh size and MLS created Leinonen, K., P. Moilanen, J. Rinne, J. 

a good basis for more sustainable exploitation of Stigzelius, A.-L. Toivonen, A.-L. Tuunainen, and R. 

Lake Lohjanjarvi pikeperch, but the anticipated Yrjold. 1998. Kuinka Suomi kalastaa. Osaraportti 2. 

positive impacts on total catches didn’t come true due Kala- ja riistaraportteja 131. 98 p. 

to the unexpected decrease in fishing effort. Saura, A. 1996. Use of hot branding in marking 

Management measures taken in 1992 (S50 mm juvenile pikeperch (Stizostedion lucioperca). Annales 

mesh, 40 cm MLS) were based on slower growth Zoologici Fennici 33: 617-620. 
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MONITORING HATCHERY USE OF SPAWNING WALLEYE IN LAKE DIEFENBAKER, 
SASKATCHEWAN (CANADA) 

Robert G. Wallace, Fish and Wildlife Branch, Saskatchewan Environment, 112 Research Drive, Saskatoon, SK 
S7K2H6, Canada, rwallace@serm.gov.sk.ca, Ronald E. Jensen, Grasslands EcoRegion, Saskatchewan 
Environment, 350 Cheadle St W, Swift Current, SK S9H4G3, Canada, and Kevin M. Murphy, Fish and Wildlife 
Branch, Saskatchewan Environment, 3211 Albert Street, Regina, SK S4S5W6, Canada. 

Introduction. Saskatchewan is a prairie province with of female and male walleye, average eggs obtained 
most of its human population residing in the southern per female, and % hatch. Fishing efforts, waterlevels, 
agricultural region. Many lakes in this area are and water temperatures were recorded. 
shallow and mesotrophic or eutrophic, summers are Initially, only walleye caught during hatchery 
often sunny and dry and winters long, and operations in Coteau Bay were examined. Later, 
watercourses are fragmented by barriers. assessment crews trapnetted at two other sites: 

Walleye (Sander vitreus, formerly Stizostedion Qu’Appelle Arm (Aiktow and Fordes creeks) and 
vitreum) fry are stocked annually to mitigate Birsay area (Hitchcock and Sage bays). 
winterkill and supplement natural recruitment. Since Assessment covered four main topics, from 
1950, several spawning populations have been used to microscale to ecosystem-wide: 
obtain eggs for stocking over 50 lakes annually. (1) FCS monitoring and additional indices of egg 

Since 1991, the walleye that spawn in Coteau quality (as ‘egg dry mass’) and stress from handling 
Bay of Lake Diefenbaker have been the sole source of (by ‘lymphocystis’ rates). Samples of eggs were 
60 to 100 million eggs annually for this program. An expressed, frozen, and two replicates of 30 eggs were 
assessment of the sustainability of hatchery operations counted, dried 24 hours at 60C, and weighed. 
seemed advisable. (2) Sizes and age compositions at several sites. 

Lake Diefenbaker was impounded in 1967 for Ageing of dorsal spines was done for sub-samples and 
hydro-electric, irrigation, and recreational use. It is applied to length compositions. 
222 km long and has an area of 43,000 ha. About 1/4 (3) Abundance of spawners at each site. Serially 
of the lake is deeper than 30 m and the maximum is numbered tags were used for daily estimates (‘within 
59 m (Royer 1972). Winter draw-downs range up to year’ by Jolly-Seber) and batch tags for seasonal 
11 m. Coteau Bay 1s adjacent to Gardiner Dam, about (‘year-to-year’ by Petersen). These required analyses 
4 km long, and a maximum of 15 m deep. of length of stay during spawning, tag-loss from 

After initial stocking of several fish species, double-tagging, mortality and recruitment, and 
angling increased slowly and moved from northern homing. 
pike (Esox lucius) to walleye. The lake now ranks (4) Movements of walleye after spawning based 
first or second in recent angler surveys (Joerissen and on reports by anglers. Mixing of spawners among 
Brickley 1998). sites was assessed by staff to detect any net inflow 

into Coteau Bay from other sites. The 3 sites are 40 to 
60 km from each other, and chosen to be within the 

. pe | observed range. 
ae . ng Cardiner Dam 

a . area NN ! Results. Time series of FCS indices showed some 
, ! , variations and auto-correlations among years (all non- 
: ireay ST significant at p=0.05). Linear regressions showed no ; Birsay On a . . 

: | a ot ON. significant trends, and only one index was low in any | De t ay. year: % females in 2000 reached the lower 95% 
Be 4; Qu'Appelle Arm prediction limit for single observations. Some of the 
Be ( se pe FCS indices are not easily standardized because staff 

df ae adjust their fishing to maintain catches while ensuring 
. AOE 2 proper care of the fish and eggs. Lower waterlevels in 

ey [Pe some years also increase catches noticeably, further 
Yo aoe 0 20, = 40 km: confounding the situation. 

: a “ Each year, staff examined 3,000 to 5,000 walleye 
at Coteau Bay and 100 to 900 at each of the other 

Figure 1. Lake Diefenbaker showing Coteau Bay sites, 
(large circle) and two other sites (small circles). ‘Egg dry mass’ averaged about 0.9 mg for 115 

females, in line with data from Coteau Bay in 1997 
and other populations. ‘Lymphocystis’ occurred on 

Methods. Fish culture station (FCS) staff used significantly more walleye at Coteau Bay than other 
trapnets to catch fish in late April to early May, sites (10% versus 3%). Rates reached 15% in females 
collected eggs from ripe females, held others in pens that were handled for both hatchery and tagging 
up to 3 days for ripening, and shipped eggs to the operations. Preliminary data from serial# tags suggest 
hatchery. They monitored indices annually from that the effects of different kinds of tags may vary. 
1991: numbers of walleye and other species, numbers 
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Sizes of females ranged from 35 to 80 cm long Several of the initial recommendations are in 
and males 25 to 70 cm. Sizes, ages, and mortality place, even as the study concludes. Egg collections | 
rates were very similar at most sites. have been fine-tuned to better reflect natural 
Sex and site Ages Mortality abundance each year, rather than demands for fry. 

(years) (annual) Monitoring continues and more detailed indices (e.g. 
Females egg dry mass) are planned periodically. Lymphocystis 
Coteau Bay 6to20 19% rates require further analysis of the effects of tagging 
Qu’Appelle 6tol8 17% and periodic updates. 
Birsay 6tol9 17% Spawning populations in Coteau Bay, 
Males Qu’Appelle Arm, and Birsay areas all show good size 
Coteau Bay 5tol9 27% and age compositions and acceptably low mortality 
Qu’Appelle Stoll 38% rates. 
Birsay S5tol5 28% The population in Coteau Bay does not appear to 

be sustained by net inflows from other populations. 
Daily mark-recapture estimates of abundance Some mixing of spawners occurs between sites within 

usually fluctuated and had wide confidence limits, if the known range of walleye movements in Lake 
any. Estimates were not possible at Coteau Bay since Diefenbaker. If spawners at all 12 to 20 known 
most walleye were temporarily removed during Spawning sites behave similarly (given their relative 
penning. Recaptures at Qu’Appelle sites indicated distances from Coteau Bay), the balanced mixing into 
stays averaged only 2 days and may suggest ‘staging’ and out of this major site would remain. 
in the open lake. About 9 % of fish tagged at Birsay Many aspects of walleye populations in Lake 
in 2001 were recaptured at Coteau or Qu’Appelle Diefenbaker are unknown and will likely remain so: 
sites within the same spawning season, implying identification and suitability of most spawning sites, 
considerable transience. Fish tagged farther inside the total abundance of walleye in the lake, and genetics of 
Birsay bays in 2002 showed greater residency during the original riverine versus stocked fish and any sub- 
spawning season. populations. 

Walleye abundances confirm that Coteau Bay is a The effects of fishing harvests, catch-and-release 
major spawning site. Numbers of walleye averaged angling, year-class variability, and past escapes of 
15,800, comprised of 5,000 females and 10,000 large numbers of fish from aquaculture facilities on 
males. Numbers were about 2,300 in the Qu’Appelle walleye and other species may need examination. 
area and 2,100 in the Birsay area, based on year-to- Meanwhile, habitat conditions in this reservoir 
year recaptures. continue to evolve. 

Anglers reported over 300 walleye from Coteau 
Bay were recaptured between May and December in Acknowledgements. Staff at the Fish Culture Station 
the initial 3 years. Some walleye were 100 km up the monitored operations from 1991 to present. Many 
lake by July and the furthest were 145 km along by staff and volunteers from the EcoRegion and Branch 
September. This reflects both walleye movements and worked every spring on the lake. Tournament 
seasonal angler patterns. Some walleye remained in organizers for Elbow Wildlife Federation, Riverhurst 
Coteau Bay all summer and longer. Recreation Board, and Kyle Lions Club provided : 

Spawning walleye tended to return to the site access to anglers, and enforcement staff summarized 
used the previous spring. About 95 % returned to reports from anglers. Students and staff rechecked tag 
Coteau Bay and 91 % to Qu’Appelle sites, but only numbers and other data, aged fish, and reviewed 
65 % to Birsay sites in 2002. This means about 800 drafts. Funding came from Branch and EcoRegion 
walleye arrived for the first time in Coteau Bay and budgets and the provincial Fish and Wildlife 
about 800 walleye departed from Coteau for the other Development Fund. 
two areas. Data for 2003 should show if Birsay 
‘residents’ tend to further reduce any inflow into References. Jensen, R.E., and R.G. Wallace. 2001. 
Coteau Bay. Status of the walleye spawning population in Coteau 

Bay, Lake Diefenbaker, 1998 to 2000. Sask. Environ., 
Discussion. Monitoring indices in place since 1991 Fish. Wildlife Tech. Rep. 02-1, 59 p. 
suggest there are few, 1f any, concerns. Nonetheless, Joerissen, R.M., and K.W. Brickley. 1998. 1995 
some indices need long periods to detect problems survey of sport fishing in Saskatchewan. Sask. 
within the natural variability of walleye populations Environ. Resource Manage. and Canada Fisheries & 
and may lag behind early effects. Oceans, Fish. Wildlife Tech. Rep. 99-1, 129 p. 

Similar concerns about impacts from a similar Mathias, J., J.A. Babaluk, and K.D. Rowes. 1985. 
longterm use of another spawning run in An analysis of the 1984 walleye, Stizostedion vitreum 
Saskatchewan showed changes, but a generally vitreum (Mitchill) run at Crean Lake in Prince Albert 

- healthy population (Mathias ef a/. 1985). , National Park, Saskatchewan with reference to the 
Hatchery operations collected eggs from 480 to impact of spawn-taking. Can. Tech. Rep. Fish. 

920 females annually, and not all of the eggs in each Aquatic Sci., No. 1407, 38 p. 
fish. Actual usage is about 14 % of the 750 million Royer, L.M. Limnology and fisheries of Lake 
eggs that could be collected, based on the total Diefenbaker, an impoundment on the South 
abundance of females in Coteau Bay. Continued Saskatchewan River, 1967-69. Sask. Dep. Natural 
stocking of fry into Coteau Bay may alleviate any Resources, Fish. Tech. Rep. 72-4, 78 p. 
residual concerns. 
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COLLAPSE OF THE YELLOW PERCH FISHERY IN LES CHENEAUX ISLANDS, LAKE HURON AND 
POSSIBLE CAUSES 

David G. Fielder, Michigan Department of Natural Resources, Alpena Fisheries Research Station, 160 E. Fletcher, 
Alpena, MI 49707, USA, fielderd@michigan.gov 

Introduction. The Les Cheneaux Islands region of one effort unit being one net lift. Total annual 
Lake Huron is an archipelago along the south shore mortality rate was determined by the Robson- 
of Michigan’s upper peninsula. The area provides Chapman method. Trends in recruitment were 
about 2,023 hectares of pristine coolwater habitat examined by comparing mean CPUE of age-2 yellow 
situated in a series of channels and embayments. The perch over time. Age-2 perch were believed to be the 
region has long been famous for its yellow perch first age completely vulnerable to the sampling gear. 
(Perca flavescens) sport fishery dating back to the Trends in abundance of double-crested cormorants 
early 1900s. (Phalacrocorax auritu) were examined based on nest 

Quantifiable estimates of harvest and harvest rate counts performed by various researchers since 1980. 
: are available from only a series of years when creel Results and Discussion. Mean annual catch rate of 

Surveys were in place. Harvest has been estimated yellow perch in survey nets declined in 1985 but | 
from these surveys to be as high as 389,000 yellow remained relatively stable (Figure 2) despite the 
perch in a single open-water fishing season (Lucchesi collapse in the fishery. Change of one station location 
1988). During the 1980s, there was concern of the in the assessment survey beginning in 1985 partly 
possibility of over harvest and a 178 mm minimum accounts for the change in mean catch rate beginning 
length limit was instituted in 1988. The yellow perch that same year. On the whole, trends in abundance 
fishery remained relatively stable through the mid based on survey catch rate did not reflect trends in 
1990s, and then abruptly declined to a near total the fishery. Closer examination of patterns of catch in 
collapse in 2000 (Figure 1). | the survey, however, indicated that the vast majority 

of the catch in recent years came from one location 25 4D é Q (Muskellunge Bay) while yellow perch became rare 
gE 2 aoN =» - Angier harvest 350 & in the eastern most station (Hesse ay). n addition, 
5 Se? ‘NC 00 2 much of the survey catch was comprised of fish less 
P4154 / °° ane on = than the minimum length limit and thus were not 

Ss \. n= available to the fishery. Local fishery managers 
6 1 x 450 2 generally regarded the collapse in the fishery to be 

Pt 400 & genuine and not just an artifact of some change in 
Os 5 = fishing preference. 

0 nati el 0 140 

79 81 & 8 87 B OF BS 97 99 OF 120 

Year 1 100 
Figure 1. Yellow perch harvest and angler catch-per- 5 90 
unit-effort (CPUE) for the Les Cheneaux Islands, E 
Lake Huron, 1979-2002. Harvest estimates adjusted 60 
for aerial pressure count method. E 40 

The objective of this Communication is to to : ” 
identify possible explanations for the collapse. oo IS. 1975 1978 1961 1984 1987 1990 1993 1996 1999 som 
Methods. Since 1969, the Michigan Department of 
Natural Resources has conducted an annual Year 
assessment of the fish community in the Les Figure 2. Mean yellow perch catch-per-unit-of-effort 

_ Cheneaux Islands via gill netting with graded-mesh (CPUE) in survey nets from the Les Cheneaux Island, 
nets. The gill net mesh sizes ranged from 38.1 mm to 1969 — 2002. 
152.4-mm stretch-measure mesh. Two such nets were 
fished overnight in three stations each October. Catch Recruitment of yellow perch during this time 
was identified, measured for total length, round was examined based on mean CPUE of age-2 fish in 
weight, sexed, and aged. the survey catch (Figure 3). Reliable age data were 

Trends in abundance were examined by not available for every year of the survey since 1969, 
comparing mean catch-per-unit-effort (CPUE) with but remaining years did provide some indication of 
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recruitment trends. This series suggests that annual abundant alewives (Alsoa = pseudoharengus). 

recruitment has continued during the decline and Alewives, however, were scarce in the late 1990s 

collapse of the fishery. Despite the collapse in angler (James Johnson, Michigan DNR, Personal 

harvest and fishing pressure, total annual mortality communication) raising the question of whether 

rate of yellow perch remained high, ranging from cormorant predation on perch may have been greater 

67% to 78% from 1997 through 2002. Mean age of than measured by Maruca (1997). The timing of the 

perch has also declined from 4.5 years in 1997 to 1.5 rise in the cormorant population coincides closely 

years in 2002. with the collapse of the yellow perch fishery and such 

a predation scenario would account for the continued 

20 a high total annual mortality rate and decline in mean 

48 age. 

16 These data indicate that the collapse of the 

14 fishery and range contraction of perch were caused at 

w 12 least in part by the predatory effects of cormorants. It 

5 10 is not entirely clear, however, whether trends in 
s 8 recruitment also contributed. Better recruitment 

= 6 indices will be necessary to fully answer what 

4 function (if any) trends in recruitment play in the 

2 suppression of the perch population. 

° 1969 1975 1977 1981 1983 1988 1990 1997 1999 2001 A contributory or competing explanation is that 

Year heavy angler harvest through the 1980s and early 

Figure 3. Trends in yellow perch recruitment in the 1990s reduced the yellow perch population to a point 
where the fishery was vulnerable to collapse with the 

Les ‘Cheneaux Islands based on mean CPUE of age-2 we addition of the predatory effects of cormorants. 
fish for 20 years between 1969 and 2002. Graphed . 

o Under this scenario, cormorant predation would then 
years are limited to those for which reliable age data \ ‘acipally for th 
existed account alone or principally for the ongoing 

suppression of the population, once initially reduced 

Concurrent with the decline and collapse of the to low levels and contracte din range. . 
Additional research is needed to better quantify 

fishery and the loss of perch in certain areas of the i 
: the exact role of cormorant predation in the collapse 

Les Cheneaux Islands, was the proliferation of 
a and suppression of the yellow perch fishery and 

cormorant nesting in the area. Trends in nest numbers a - 
a. a. ; contraction in range of the population in the Les 

indicated a near exponential increase in usage during h ; 
the early 1990s (Figure 4) C eneaux Islands. However, in the absence of other 

| explanations, it is compelling to conclude that 

6,000 cormorant predation is at least part of the 
5.000 explanation. 
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3 4,000 funded by the Sport Fish Restoration Program. 
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5 Dale Trexel (Univ. of Minnesota), of the Michigan 
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Huron Basin Team. 
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GENETIC VARIATION AND SPAWNING POPULATION STRUCTURE IN LAKE ERIE YELLOW 
PERCH, Perca flavescens: A COMPARISON WITH A MAINE POPULATION 

Alexander M. Ford and Carol A. Stepien, Great Lakes Environmental Genetics Laboratory, Center for 
Environmental Science, Technology, and Policy, Cleveland State University, MC 219, Euclid Ave., 
Cleveland, OH 44115, USA . a.m.ford16@csuohio.edu. 

Introduction. Yellow perch, Perca flavescens, mtDNA control region was PCR amplified following 
recolonized the newly formed Great Lakes system Stepien and Faber (1998). PCR products were 
about 10,000 years ago from three proposed glacial purified using an Exosap kit and sequenced 
refugia. Previous genetic investigations discerned separately in both directions for verification on a 
differences among groups of Great Lakes fishes Beckman CEQ 8000 capillary autosequencer. 
related to differential colonization from the glacial The proportion of polymorphic nucleotides (p,), 
refugia — with Lake Erie populations largely as well as haplotypic diversity (h) and nucleotide 
comprising Mississippi refugium descendants diversity (x) were calculated. Neighbor joining trees 
(especially in the western and central basins) and and maximum parsimony analysis of relationships 
some from the Atlantic refugium in the east. among haplotypes, including comparison to the 
Allozyme and mtDNA RFLP genetic studies of European yellow perch P. fluviatilis were constructed 
yellow perch in Lake Erie found low genetic with MEGA2 and PAUP*, and support for 
variability, which may be related to historically low relationships was compared with 1000 bootstrap 
variability in the Mississippi refugium populations replications. Hierarchical analysis of variance using 
(Todd and Hatcher 1993, Billington 1993). AMOVA in Arlequin examined divergence among | Populations of yellow perch in Lake Erie have spawning sites and population groups. 
been rebounding after declining in the late 1980s. At Results. Ten mtDNA control region haplotypes were 
the request of the Lake Erie Yellow Perch Task identified to date in Lake Erie, and 3 others in Maine 
Force, the objective of the present study is to analyze (Fig. 2). Gene diversity in Maine was 0.57 +/- 0.12 
the genetic stock structure and variability of yellow s.e. and 0.37 +/- 0.06 in Lake Erie. Haplotypic 
perch in Lake Erie. We also are comparing the data diversity was 0.71 +/- 0.20 and 0.33 +/- 0.03, 
to several outgroup population areas of their range, respectively. Nucleotide diversity was 0.67 +/- 0.03 
including the other Great Lakes. This investigation for Maine and 0.39 +/- 0.03 for Lake Erie. 
analyzes the entire mtDNA control region (912 bp) of No haplotypes were shared between Lake Erie and 
118 yellow perch from spawning locations spanning Maine, and those from Maine formed a clade 
Lake Erie (Fig.1) , and makes comparisons with a distinguished by 5 synapomorphies in the neighbor- 
native outgroup population from south-central Maine. joining (NJ) and maximum parsimony (MP) 
Methods. Fin clip tissue samples were collected consensus tree. The data revealed a significant 

| from 16 spawning locations around Lake Erie (Fig. difference between the Maine and Lake Erie 
1), including the western, central, and eastern basins. populations, equivalent to 62.8% of the variation in 

AMOVA (Analysis of Molecular Variance) 
| | comparisons in Arlequin and an Fs; = 0.66, p < 
Long Point Bay 0.00001, and a very great genetic divergence. 

mS Haplotype #2 was located basally in the tree (Fig. 
a 2) to all other P. flavescens haplotypes, including 

J : Dunkirk those from Maine, and was the sister type to all other 
Owes i reaeue tele P. flavescens. The frequency of #2 was greatest in 

tt Basin Lake Erie Erle we western Lake Erie, and decreased from west to east. 
Two haplotypes were unique to the central basin and Ashtabula . . 63 Geneva 5 to the eastern basin. The western basin was 

3 dominated by 3 shared haplotypes, but no unique 
mS. ones to date. Haplotype #1 was widely distributed 

sou ! Lorain \_ Fatport across Lake Erie, comprising about 80% of the 
island Port Vermilion Cleveland samples. Haplotype #3 was relatively common in the 

Clinton Sandusky west, less common in the central basin, and absent 
| Figure 1. Lake Erie sample sites for yellow perch. Ao astem basin. Fs analyses showed that 

Maine samples were from Searsmont. DNA was a vatati civergences among he a eeth ine site 
extracted and purified with a Quiaqik kit. The entire Populations were signiticant (e.g., those with larger 

13] :
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0.002 | Genetic distance ~ 100,000 yrs. 

Figure 2. NJ (MEGA 2.0) tree of yellow perch mtDNA from Lake Erie and Maine with comparison to P. fluviatilis. 

Genetic distance is calibrated using 2%/my clock (Stepien and Faber 1998). Numbers in parentheses are haplotype 

frequencies. W = West Basin, C = Central Basin, and E = East Basin. Numbers with “/*” are bootstrap values 

congruent with the most-parsimonious maximum parsimony consensus tree (PAUP*). 

sample sizes at present), comprising about 3% of the suggests spawning site philopatry and differential 

variance overall. | colonization patterns stemming from glacial refugia. 

Discussion. MtDNA control region sequence Acknowledgements. This study is supported by the 
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Erie than was found in analyses of allozymes (Todd Analysis Program, and early funding was provided 

and Hatcher 1993) and mtDNA RFLPs (Billington by Ohio Sea Grant. We thank C. L. Theisler and A. 

1993). However, our data show that Lake Erie is I. Brokaw for helping with the pilot study. We also 

dominated by a single mtDNA control region thank D. Clapp, G. Edmond, D. Einhouse, R. Hass, 
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genetic variation within the Maine population. specimens. E. Whippo-Cline, M. Tumeo, J. Reutter, 

Lake Erie populations of yellow perch have lower and J. Busch provided logistic support. 

levels of genetic diversity overall than do walleye References ae 

(Stepien and Faber 1998, Stepien and Taylor, in _ Billington, N. 1993. Genetic variation in Lake 

progress), which may be due to their “boom and ne yellow perch (Perca flavescens) demonstrated 
a: aor y mitochondrial DNA analysis. J. Fish. Biol. 

bust” history in Lake Erie in comparison to the Maine 43-941-3. | 

population. However, since European yellow perch Stepien, C.A. and J.E. Faber. 1998. Population 

P. fluviatilis display similarly low levels of genetic genetic structure, phylogeography, and spawning 

diversity in allozymes and the mtDNA control region philopatry in walleye (Stizostedion vitreum) from 

in comparison to Stizostedion - and both Perca are mi DNA control region sequences. Mol. Ecol. 7:1757- 

similar in levels to their sister genus Gymnocephalus - 

(Stepien et al. 1998) - some of this low genetic Stepien, C.A., A.K. Dillon, and M.D. Chandler. 
divers} flect the phvl tic hi F th 1998. Genetic identity, phylogeography, and 

iversity may reflect the phylogenetic history of these systematics of ruffe Gymnocephalus in the North 

genera. American Great Lakes. J. Great Lakes Res. 24: 361- 

MtDNA control region sequences reveal higher 378. 

genetic variation than was previously discerned, as Todd, T.N. and C.O. Hatcher. 1993. Genetic 

well as significant population divergences among variability and glacial origins of yellow perch (Perca 

spawning sites for yellow perch in Lake Erie (¢.g., fav escens) in North America. Can. J. Fish. Aquat. 

those with larger sample sizes at present), which a 7s 
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RECRUITMENT FAILURE OF PERCH POPULATIONS IN THE BALTIC 

Lars Ljunggren, Peter Karas, Magnus Appelberg & Alfred Sandstrém - 
Institute for Coastal Research, National Board of Fisheries, Gamla Slipvagen 19, 74071 Oregrund, Sweden. E-mail: 
lars. ljunggren@fiskeriverket.se 

Introduction. In the Baltic, perch (Perca fluviatilis ~—— __. 
L.) is of great importance for recreational and 298 | i | | 
commercial fishery. In recent years decreasing oon SE | AY 
catches and recruitment failures have been reported — | | | | 
for the coastal stocks of perch (Fig 1), but also pike = ! | 
(Esox lucius), in several areas around the Baltic oan 2 
(Skora 1992; 1996; Andersson ef a/. 2000; Lehtonen ——— | | ! | 
et al. 2000; Bylund ef al. 2001; Almesjé & Hansson 28 rT | | 
2002; Karas et.al. (unpublished); Nilsson ef al. —>————E— ! 
(unpublished). Since there is still no clear evidence to cca ; | | 
the causes of the observed recruitment failures, the 26 : 
Swedish National Board of Fisheries together with — | 1994 
the Swedish Environmental Protection Agency ; | m 1995) 
gathered scientists from around the Baltic from 24 Oteerll 
different disciplines to a workshop held in Oregrund, 2 m 1998] 
Sweden in October 22-23, 2002. This paper is a | | 1999 
summary of earlier studies and the outcome of that 21 i ot [Beer 
workshop. 20 | m 2002} 

The nature of the problem. Catch statistics from © 20000 40000 60000 80000 100000 120000 
Poland and the island of Gotland in Sweden indicates Kg 
decreasing stocks at least since the 1970's. Inquiries 
in Sweden report similar time scale for other coastal B . 
areas. Finnish inquiries also point to the fact that -— 
there have been problems in their coastal waters of a 
similar nature on a long-time scale. Test fishing’s 
from e.g. the Kalmar Sound show that abundance’s 
of mainly pike and perch have reached very low | ’ 
levels during the 1990's, and sampling of juveniles in bor 
late summer indicates an almost complete : 25 
recruitment failure of these species in the area. . 
Common for all affected areas is that they are 30 
relatively exposed and located close to the main basin 
of the Baltic. Experiments and field studies showed 
that there was no _ increased mortality during . 
embryonic life stages and the larvae of perch and ee 4 
pike survived until exogenous feeding. The f Cee 2 
conclusion from these studies was that: i) There is no : Stockholmesg 29 : 
indication of direct toxic effects related to water . | 4a 
quality during the most sensitive stages. ii) There is a: ve 
no indication of indirect toxic effects through the % } 

: parental fish. iii) There is a good quality of the larvae ee o ‘ ‘s 
with no immediate links to the reproduction ey. i 
disturbances of Baltic salmon (Bengtsson et.al), i.e. «x &umnp . 
the “M74 symdrome”. iv) The problem is most likely OH Sy 23 
related to increased mortality between onset of ; Ny rg X J 
feeding and late summer juveniles. However, the Sos Se i 
possibility that low spawning biomass is partly a me SF 7 eee? 
cause of the problem, or at least affects the recovery, ] A 
could not be ruled out. 

Potential causes. Several possible causes to the nee ecm, ett comm fishery divided a 
observed problems have been suggested. Based on ICES areas. (To get the total landings including 
present knowledge, the most possible ones are listed recreational fishing and non-commercial net 
and briefly discussed below. The causes may differ fishing those numbers should be multiplied by between areas and several mechanisms may interact. approximately a factor 10.) B) Map of the Baltic 

-Habitat changes. For many of the freshwater with the corresponding ICES areas. 
species in the Baltic, the best recruitment areas are 
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situated in freshwaters, estuaries and_ sheltered land sources is not the reason. Further, studies 
archipelagos. Unfortunately, due to human impact performed so far, do not indicate toxic effects on 
over a long period, many of these habitats have been eggs and larvae. Red and brown filamentous 
lost or degraded. These disturbances are caused by macroalgae and cyanobacteria have the potential to 
direct habitat destruction and/or related to activities produce harmful substances, e.g. naturally produced 
within agriculture, forestry, industry and settlements. halogenated polyphenolic compounds that could 
Obstacles in migration routes are also common. The affect eggs and /or larvae. For the filamentous brown 
losses of those key recruitment areas can make the algae there is an overlap in time between the 
fish populations more sensitive to environmental maximum occurrence of the algae and fish 
changes in sub-optimal recruitment areas. recruitment. 
Simultaneous with the decline in fish stocks, the -Diseases and parasites. This could be a potential 
general opinion is that there has been an increased cause, but current knowledge is very limited. 
growth of filamentous algae and changes in the _ 
macrophyte community. These changes seems to be Acknowledgements. Thanks to all participants of 

t pronounced in sub-optimal recruitment areas the workshop and everyone that mm some way have most Pp P contributed to the investigations this paper is based 
that are more exposed to the open sea. The reason for on. 
this development may be related to both nutrient load 
and changes in climate (e.g. warm/wet and ice-free References. Andersson, J., J. Dahl, A. Johansson, P. 

winters and changes in the hydrodynamic regime). In Karas, J. Nilsson, O. Sandstrém, and A. Svensson. 
the Kalmar sound, there has been a pronounced 2000. Recruitment failure and decreasing fish stocks 

increase in secci-disc depth during the 1990's, at the coastal areas of Kalmarsund. (in Swedish with 
Loge . _ English summary). Fiskeriverket Rapport 2000:5 
indicating a switch from pelagic to benthic primary 42pp 
production. Changes of the abundance and species Almesjo, L., and S. Hansson. 2002. Decreasing 

composition of macrophytes and filamentous algae stocks and recruitment failure of coastal populations 
has the potential to affect fish recruitment through of perch (Perca fluviatilis) and pike (Esox lucius). (In 
several mechanisms such as: i) Reduced quality and Swedish). Report from the Department of Systems 
quantity of spawning substrates. ii) Reduced quality Ecology at Stockholm University. 27pp. 
in the microhabitat for eggs and larvae (e.g. oxygen-, Bengtsson, B-E.,-C. Hill, A. Bergman, I. Brandt, 

pH- and ammonia levels). iii) Reduced quality and N. Johansson, C. Magnhagen, A. Sdédergren, and J. 
to atk of peter or young . Favoured Thulin. 1999. Reproductive disturbances in Baltic 

abitat for predators such as sticklebacks. , 7. 
-Food availability. The experimental and field data fish: Bylund, G t me Pike pro. Ambio. 28 U2 st 

from affected areas indicate that the quantity and /or Wennstrém. R. Selen. J. Tuomaala. J. Kjellman. and 

quality of available food for fish larvae is a potential H. Lehtonen. 2001. Recriutment problems of pike in 
reason for the recruitment failure. The effects of the Archipelago of Aland). (In Swedish) Aladndsk 
changes in quantity, quality and timing of available utredningsserie 2001:15. 39 pp. 

prey could affect the recruitment by: i) Direct Lehtonen, H., J. Kjellman and R. Selén. 2000. Is 
mortality through starving of first feeding larvae. ii) the pike disappearing from our coastal waters? (In 
Indirect stage specific mortality caused by reduced Swedish) Fiskeritidskrift for Finland. 1:8-11. 

growth rate. . Skéra, K.E. 1992. An Assessment of the Effects 
-Predation and fishing. Studies from the Kalmar of Pollution on the Polish Coastal Area of the Baltic 

Sound area shows that stickleback can be a serious Sea 1984-1989. PAS NSCOR. Stu d. & Mat. Ocean 
predator on the eggs and larvae of pike. Perch is less 61: 205-220. ~ 
likely to be affected since sticklebacks do not feed on Skéra, KE. 1996. A comparison of changes in 

the egg-strands and the larvae disperse pelagically. the composition of fish catches in the Polish lagoons 
Herring and sprat has been suggested to be potential in 1960-1989. Proceedings of Polish - Swedish 
predators on larvae. There is, however, no data Symposium on Baltic Coastal Fisheries. p. 225-241. 
regarding overlap in time and space. Predation from Gdynia, Poland 
birds on juvenile and adult fish could be a potential ° 
threat. Thus, in the Kalmar Sound large colonies of | 
cormorants have built up during the 1990s. There 
are, however, no such large colonies in other affected 
areas (e.g. Aland and the Archipelago Sea) to explain 
recruitment disturbances there. Predation and fishing 
could affect recruitment of perch and pike through: i) | 
Predation on eggs and young life-stages from e.g. 
sticklebacks. ii) Low density of spawning stock 
biomass. 
-Toxic substances. Antropogenically derived toxins 
are a potential threat, but the pattern of the problems 
(e.g. habitats in the outer archipelago) indicate that 
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ANOTHER YELLOW PERCH POPULATION DECLINE IN THE 1990s : 
THE LAKE ST. PIERRE CASE STUDY, ST. LAWRENCE RIVER, QUEBEC 

Yves Mailhot, Faune et Parcs Québec, 1579, boul. Louis-Fréchette, Nicolet (Québec), Canada J3T 2A5, 7 yves.mailhot@fapaq.gouv.qc.ca and Pierre Dumont, Faune et Parcs Québec, 201, Place Charles-Lemoyne, 2° étage, 
Longueuil (Québec), Canada J4K 2T5 

Introduction. Yellow perch sport and commercial period, indicate the correct order of magnitude of the catch in Lake St. Pierre, a shallow 36000 ha population failure since no management changes enlargement of the St. Lawrence River, increased occurred. After 1999, they can no longer represent between the late 1970s and the 1990s. Total annual the abundance of the resource since the fishing effort catch was estimated at about 300 t in 1986 (declared was reduced. In order to evaluate the efficiency of the commercial fishing, 220 t; sport fishing, 80 t). This management plan, we realized a four consecutive perch population is heavily exploited : growth rates years (1997-2000) survey of the perch population to and fecundity are high; age at sexual maturity is low; determine if the total annual mortality rate had annual total mortality has been consistently high changed. 
since 1978 and was estimated at 77 % (natural Methods. Since over 8 years old perch proved to be mortality: 25 %) between 1986 and 1991 while it was rare in the past studies, we designed our protocol to only 35 % at the same period in Lake St. Louis, sample adequately the most abundant segment of the another freshwater enlargement of the river 100 km population in order to produce sex-separated catch upstream where there is no commercial fishery curves between ages 2 and 7. We used the results of a (Dumont, 1996). In the mid 1990s, Guénette ef al. 1995 experimental gill-net sampling of the Lake St. (1994) predicted that population failure would Pierre where a set of two experimental multimesh happen if consecutive low year-classes were gill-nets (mesh sizes 1, 1.5, 2, 2.5, 3, 4, 5 and 6 produced without reducing fishing effort and catch, inches stretched mesh) had been fishing for 24 hrs at using Thompson and Bell yield per recruit model and 94 stations. In order to optimize the results for older virtual population analyses based on data from yearly than age 2 perch, we excluded the 1 inch mesh size commercial catch sampling. and kept 1.5 to 3 inch mesh. We then choose the 

Stations with the most significant perch catch per 300 | effort well spread all over the perch habitat after we 
made sure the length structure of the perch from the Se selected stations and the rest of them was the same. ee The final length of the mesh panels (50 ft) was 200 THT ae ; nen chosen according to the results of simulations to VI h on : AU determine the number of perch needed to sample at a 

OTT Te : jan. 95 % probability level all the present age groups and 400 |. TH | HE Au D to reduce the confidence interval of the distribution 
50 LE : FLELELELEL ELE HULL The sampling took place at 27 stations. The WT CAT samples were corrected for gill-net size selectivity O UAE EL EI EL EL EE Ea EL bd bd and encounter probability as proposed by Kraft and 86 88 90 92 94 96 98 00 O02 Johnson (1992) and Spangler and Collins (1992) in ee _ order to represent more accurately the size and age 

structure of the perch population. The total annual Figure 1. Declared annual commercial catch (t) of ‘Mortality was estimated by Ricker’s catch curve and yellow perch in Lake St. Pierre between 1986 and Robson and Chapman methods with the corrected 2002. numbers of perch at age for males and females. The 
samples for both sides of the lake were grouped to 

Between 1994 and 1996, the total annual declared allow the temporal comparison with the 1986-1991 commercial catch decreased from 262 t to 140 t period. 
. (Figure 1). In 1996, a management plan was designed Results. Table 1 presents the total instantaneous to reduce by 12 % the total annual mortality rate. A mortality rates (Z), calculated for each sex and year 165 mm minimum legal length was imposed for sport by both methods as well as a mean Z for the four | and commercial fisheries; sport fishermen were years period, included to minimize the ever-present 

allowed a 50 fish bag limit and could no longer sell impact of the year-class strength variation on the their catch; commercial fishermen were limited to estimation of this parameter. The overall global mean only one helper. In 1997 and 1998, the annual Z (1.402) corresponds to a total annual mortality rate declared commercial catch decreased again to 67 t (A) of 75 % which cannot be considered as different and 80 t. Over and under declarations naturally occur from the 77 % 1986-91 period mortality rate. in voluntary commercial catch reports but we think Discussion. Our results show that the 1996 that the importance of the decrease reported between management plan failed to reduce the total annual 
1994 and 1998, combined to the contents of the mortality rate over the whole period studied. The year discussions we had with the fishermen during this 2000 lower values could theoretically result from 

- 
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Table 1 Annual and mean instantaneous mortality effective measure, a restriction of the catch during the 
rate of males and females lake St. Pierre yellow perch spawning period, had been removed. Belore et al 

for the 1997-2000 period, calculated with Ricker’s (2003) clearly showed that a reduction of the catch 
catch curves and Robson and Chapman methods. . 

during the spawning period resulted in a significant 

increase of the population level and a major reduction 

ag as of different perch populations total mortality rate in 

r 1998. | 1600 | 14956 [| °° °&£|| | Lake Erie. A recent independent expert report 

_— ise fas fe}; ——— (Magnan 2002) confirmed that the lake St. Pierre 

[2000 2S ae ee yellow perch population was exploited to the limit of 

the sustainable yield, that data on the resource 

T1907] t.t32,—T 147 | abundance and catch are necessary to try to manage 

[_ee8_} 698} + this population at such a high level of exploitation 

2000 [0.964 | 1.07 | COW TCS and that it is necessary to at least partially restrain 

fishing during the spawning season. 

[__Global mean from both methods | 4.402 | 75% __| | A more restrictive management plan has been 

. - enforced since 2000. The number of fishing days and 

a positive effect of the management plan but we the total allowed commercial gear were reduced in 

believe that they are rather due to the unusual April during the spawning period. Yellow perch 

abundance of the strong 1995 year class at age 5. minimum legal length since 1997 (165 mm) has also | 

Due to the very high annual mortality rate been changed to 190 mm. 

maintained since at least the 1970s, this perch References. Belore, M., A. Cook, D. Einhouse, K. 

population was reputedly fragile. It is our opinion Kayle, R. Kenyon, C. Knight, B. Locke, B. Morrison, 

that the population failure was due to the persistence P. Ryan, B. Sutherland, M. Thomas and E. Wnght. 

of a high level of exploitation during a 10 year period 2003. Report of the Lake Erie Yellow Perch Task 

(1988-1998) where only two strong year-classes that CrOUP.. Presented to the Great Lakes Fishery 
ommission, Lake Erie Committee, Standing 

could support the fishery were produced (Figure 2). Technical Committee. 35 p. + Append. 

Furthermore, within this period of time, the demand Dumont, P. 1996. Comparaison de la dynamique 

for Lake St-Pierre perch increased considerably due des populations de perchaudes (Perca flavescens) 

to the many Great Lakes commercial and sport catch soumises a des niveaux différents de stress 

restrictions. | anthropique. Thése présentée a Université du 

Québec a Montréal comme exigence partielle du 

25. doctorat en sciences de l’environnement. Québec, 

| Ministére de 1’Environnement et de la Faune, Service 

| 2 de l’'aménagement et de I’exploitation de la faune, 

15 {\ I Montreal, Rapp. Tech. 06-46, xxvi+ 286 p. _ 

, | \ | Guénette, S., Y. Mailhot, I. McQuinn, P. 

1 | = Lamoureux, et R. Fortin. 1994. Parametres 

| \ / \/ biologiques, exploitation commerciale et 

0,5 7 , modélisation de la population de perchaudes (Perca 

0 Po flavescens) du lac Saint-Pierre. Québec, Ministére de 

l'Environnement et de la Faune et Université du 

82 84 86 88 90 92 SM BG Québec 4 Montréal. 110 p. + Annexes. 
Kraft, C.E., and B. L. Johnson. 1992. Fyke-net 

Figure 2. Lake St. Pierre’s yellow perch year-class Greet Bay, Michigan North aor yellow Mionage 

strength variation between 1982 and 1998. Note that 12: 230-236. 

the 2 periods are separated and that the second Magnan, P. 2002. Avis scientifique sur l’état du 

corresponds to a lower abundance level. stock de perchaudes au lac Saint-Pierre, les 

indicateurs biologiques utilises pour effecner goon | 

oi . suivi et la pertinence de proteger la periode de e 

The original management plan included delaying de facgon partielle ou totale. Ouébec, Société de ‘a 
the springtime opening of the commercial fishing faune et des parcs du Québec et Ministére de 

season to protect half of the spawning activity but it l’ Agriculture, des Pécheries et de l’Alimentation du 
was not implemented. Commercial fishing is still Québec, 52 p. 

permitted throughout the whole spawning period and Spangler, G.R., and J. J. Collins. 1992. Lake 

the springtime catch represents between 51% and men fish community Set based on gill-net 

75% of the annual commercial declared catch. We catches corrected for selectivity and encounter 

think that the restrictions of the 1996 management probability. North Am. J. Fish. Manage. 12: 585-597. 

plan did not have a significant impact since the most 
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