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THE FEASIBILITY FOR MARKETING AND CULTURING WALLEYE IN MINNESOTA 

EXECUTIVE SUMMARY 

In May 1987, Minnesota Power and the UMD/NRRI Business Group 

discussed the need to determine the market potential for 

commercial walleye production in the State of Minnesota. 

Subsequently, the UMD/NRRI Business Group agreed to establish the 

feasibility of a Minnesota based walleye culture business 

assessing current cultural practices and to determine the value 

of utilizing warm water in such an operation. In order to 

establish a base line operation, the walleye market and cultural 

requirements for walleye were examined. 

CONCLUSION 

Walleye are sold as table fish for human consumption or as 

fry and fingerlings for stocking. Table walleye are harvested 

from natural lakes with 90% imported from Canada. Stocking 

walleye are raised in Minnesota using extensive culture methods, 

but the profitability of a business based on extensive culture is 

questionable because production costs and survival rates are 

uncertain. Experimental research suggests an intensive walleye 

operation utilizing warm water may improve the survival and 

growth rates, thus increasing the profit potential. Intensely 

culturing walleye in a warm water research facility could 

establish survival rates, growth rates, and production costs 

which can improve the predictability of profits for an intensive 

walleye operation. 
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WALLEYE MARKETS 

Two distinct markets were identified for walleye, 1) raising 

them for stocking in private and public waters, 2) table fish. 

Market data for walleye stocking was obtained from the 

Minnesota Department of Natural Resources (MDNR) and the walleye 

producers. Each contact provided information about the price and 

markets for various size walleye, and their concern about walleye 

culture. Stocking walleye are sold at three life cycle stages: 

eggs, fry, and fingerlings. Historical production of stocking 

size walleye in Minnesota has been limited to a small number of 

producers because MDNR has controlled the in-state stocking 

program. Current walleye producers indicate the majority of 

current production is sold out of state. The exact size fry and 

fingerling market was not determined because the producers were 

reluctant to share market information. The producers did say the 

demand for eggs has exceeded the supply. · We project this will 

change as 1987 legislation requires the MDNR sell 2% of their 

annual walleye egg harvest. 

A Canadian walleye marketer, Chicago fish broker, and 

Minnesota wholesalers and retailers of walleye provided the 

market and price information for table market walleye. The 

consumption of fresh and frozen fish in the U.S. is at an all 

time high, accordingly, fish brokers state there is no problem 

finding buyers for walleye fillets. Ninety percent of U.S. 

walleye consumption is imported from Canada, primarily through 

Canada's Freshwater Fish Marketing Corporation. Walleye prices 
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are quoted daily, varying by season, amount of processing, and 

availability. Table 1 shows current price ranges for the various 

size walleye. 

TABLE 1 
1987 Walleye Price 

Markets 

Eggs for Hatcheries 
Fry for Stocking 
2 11 Fingerling - Stocking 
Wholesale - Round Weightl 
Retail - Processed Fillet 

Price Ranges 

$400 to $1000 per quart 
$16.00 to $25.00 per 1000 
$0.15 to $0.25 each 
$1.25 to $3.00 per pound 
$3.25 to $6.00 per pound 

lRound weight is the weight of the fish right from the water 
without any processing. 

WALLEYE CULTURE 

The feasibility of intensely cultivating walleye was 

determined by a literature review and by interviewing walleye 

growers and biologists. We focused our efforts toward finding 

the type of walleye operation that would provide the highest 

survival rate and generate the greatest revenue. 

We fo~nd litt~e operational information about intensive 

walleye culture (i.e. where variables such as diet, light levels, 

and water characteristics are controlled). Most of the 

information from the literature and growers dealt with extensive 

walleye culture. In an extensive system few or no variables are 

controlled. Walleye are raised in natural and man-made ponds 
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where the naturally available food is supplemented with minnows. 

One grower, Golden Pond at Erskine, Minnesota, also aerates the 

ponds in order to maintain the proper oxygen levels. 

Walleye can be grown in Minnesota based on an integrated 

process having brood stock to assure a source of eggs, a 

hatchery, drainable outdoor growout ponds, control over dissolved 

oxygen, and supplemental feeding. Although some walleye can be 

grown by this method, survival rates and thus profitability are 

highly questionable. Table 2 gives the ranges of survival rates 

for different size walleye. 

From 

Egg sl 
Fry 
3 11 Fingerlings 
6 11 Fingerlings 

TABLE 2 
Walleye Survival Rates 

To 

Fry 
3 11 Fingerlings 
6 11 Fingerlings 
Table Size Fish 

lBased on hatchery experience 

Survival Rates 

55 - 70% 
0 - 50% 
0 - 70% 
0 - 90% 

Even though some of the survival rates are results of 

experimental reseaTch, the growers we contacted have also 

experienced varied survival rates. Golden Pond reported survival 

rates of O to 50% for different ponds in the same growing year. 

Experimental research indicates that, once the walleye are past 

the fry stage, controlling more variables increases the survival 

rate, suggesting that an intensive walleye operation might result 
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in both higher and consistent survival rates. Improving the 

level and consistency of walleye survival through intensive 

culture may also increase the profit potential for a walleye 

culture business by reducing production uncertainty and 

increasing the number of walleye available for sale. 

An intensive walleye operation incorporating heated water 

may further increase the profit potential. Research indicates 

warm water speeds up the growth process which may allow the fish 

to be marketed sooner. Alternatively, larger fish raised in warm 

water could be marketed at the same time as smaller fish raised 

in unheated water, possibly, resulting in higher prices. 

Although the customer may be willing to pay a higher price if the 

fingerlings are larger or if they are available sooner, this has 

to be proven. Another question that needs to be answered is 

based on Minnesota Power's past experience in raising fish 

intensely in warm water. The fish raised in heated water weighed 

more than similar size fish raised in unheated water. To 

maximize revenues these fish would have to be sold by the pound 

rather than the inch as is the common practice. Whether or not 

the customer would be willing to purchase fingerlings by the 

pound would have to be answered. 

Another option open to an intense warm water walleye 

operation is marketing table size fish. The walleye growers we 

contacted stated that it is uneconomical to grow walleye to table 

size. Warm water may improve the economy of growing walleye to 

this size. In addition, walleye could be grown to a consistent 
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size. This may result in higher prices when marketed to 

consumers concerned about portion control, such as restaurants. 

Each of the possibilities mentioned for increasing the 

profit potential represents an advance in walleye culture. One 

way to answer the questions raised by these possibilities is to 

intensively culture walleye in a warm water walleye research 

facility. Operational and cultural data from such a research 

project could establish survival rates, growth rates, and 

production costs related to size, all of which are necessary to 

determine the ultimate profitability of commercial walleye 

production. 

Vii 



INTRODUCTION 

The purpose of this report is to look at the feasibility of 

operating a walleye culture business in Minnesota. The walleye 

(Stizostedion vitreum) goes by a variety of names; pickerel, 

yellow pickerel, yellow pike, opal eye, etc.; but walleye will be 

used throughout the report. 

The report focuses on two primary areas of the business, 

market and technical feasibility. To facilitate the 

investigation of these two areas the walleye life cycle has been 

divided into four parts: (1) eggs; (2) fry, hatched fish less 

than two inches long; (3) fingerling, fish greater than 2 inches 

but less than three quarter pound; (4) food or table, fish three 

quarters of a pound or more in weight. 

The first section of this report will look at the market 

potential for walleyes. It includes prices, current production, 

and demand. The next section will look at the type of walleye 

culture operation most likely to succeed given the information 

available from current operators and existing research. The 

final section of the report includes appendices and supporting data. 
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MARKETING 
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WALLEYE EGG AND FRY MARKETING 

PRODUCTION 

Walleye production in Minnesota, until recently, has been 

limited to a handful of producers . Five major farms have been 

identified : Peterson Trout Farm, Peterson; Golden Pond, Erskine; 

Spruce Creek Fish Farm, Miltona; Hidden Valley Fish Farm, Detroit 

Lakes; and Mike Milford, Alexandria. One factor that has limited 

growth in walleye production has been the availability of walleye 

eggs. However, the situation has recently changed. The new 

legislation being enacted will make it easier to obtain walleye 

eggs. 

In accordance with the Commissioner's Order No. 2237 and the 

newly legislated Aquaculture Bill (Senate File No. 69), the 

Minnesota Department of Natural Resources (MDNR) regulates the 

maintenance and operation of private fish hatcheries and fish 

farms in the State. Walleye sperm, eggs, or fish may not be 

taken from public waters for private hatchery or farm purposes . 

The source of walleye eggs has been MDNR hatcheries or MDNR 

approved-.outstate sources. There has been a limited supply of 

walleye eggs available to private hatcheries from MDNR because 

they need the eggs for their own stocking programs . They have 

also controlled the importation of outstate eggs in an effort to 

maintain the desired walleye gene pool in Minnesota. 

To encourage Minnesota aquaculture , the Aquaculture Bill 
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mandates that until July 1, 1990, MDNR make at least 2% of the 

eggs collected available to private hatcheries at a fair market 

price. In addition, if a private hatchery or farm is denied MDNR 

approval of outstate egg sources, MDNR must designate approved 

sources to obtain the desired eggs or sell eggs from state fish 

hatcheries at a fair market price. 

MDNR obtains its walleye eggs by stripping them from walleye 

on state land and on several Minnesota Indian Reservations such 

as Leech Lake, Red Lake, and Cass Lake. Agreements have been 

made with the Reservations concerning the use and sale of walleye 

eggs from their brood stock. Under these agreements the eggs 

obtained from the reservations are for MDNR hatcheries only and 

cannot be sold to private hatcheries or farms. The only other 

approved source of eggs located in Minnesota is the Golden Pond 

operation near Erskine. 

MARKET 

The current market for walleye eggs and fry is growing. 

There is increasing interest by individuals and farmers to build 

growout ponds and facilities for raising fingerlings and table 

fish as a secondary source of income and food. While the greater 
. 

number of fingerling producers has increased competition in this 

market segment, the market for eggs and fry to supply them has 

grown. 

It is apparent from our research that a market for eggs and 

fry exist and it is currently growing. However, the size of the 
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market today and any future expansion is difficult to estimate. 

Many factors including farm and water location, start-up costs, 

and future market conditions will play key roles. More market 

research is needed to determine this market's potential size. 

PRICE 

The market price for walleye eggs has ranged from $400 to 

$1,000 per quart. Each quart contains approximately 100,000 

eggs. According to MDNRl, the current price is near the peak of 

$1,000 due to the high demand and limited availability. In 1987 

MDNR expects to harvest 500 million eggs. Based on the mandated 

2% availability, 100 quarts will be available to private 

hatcheries and farms. Besides MDNR, the only other approved 

source of walleye eggs is Golden Pond. Recently Golden Pond 

applied to MDNR to bring in walleye eggs from Canada. Eggs 

coming from lakes in Ontario were acceptable, but eggs from Lake 

Erie were unacceptable due to their genetic strains. 

The price for fry depends on the quantity ordered with a 

current price range of $16.00 to $25.00 per 1,000. Prices have 

fluctuated within this range during the past few years. 

lJack Wingate, MDNR, Personal communication, June 10, 1987. 
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FINGERLING MARKETING 

PRODUCTION 

The popularity of walleye sport fishing in Minnesota and 

other states has resulted in millions of walleye fingerlings 

being stocked each year. MDNR, which has the largest walleye 

stocking program in the nation, stocked 425 million walleye fry 

and fingerlings in 1986. 

MDNR set up its own hatcheries and rearing facilities to 

assure an adequate supply of fingerlings and to protect the 

quality of the walleye being stocked. As a result, only small 

quantities have been purchased from private sources. In 

addition, only MDNR is allowed to stock fish in public waters. 

Private lakes which have no public access can be stocked by 

individuals, clubs, or lake associations. 

These policies have been controversial and troublesome for 

MDNR. The Minnesota legislature and private growers have been 

pressuring MDNR to ease control of the stocking program by buying 

more walleye from private growers and offering more eggs for 

sale. MDNR has been reluctant to loosen control of the stocking 

program because they suspect "over-enthusiastic" fishermen have 

stocked..J)ublic lakes. They fear such well intentioned fishermen 

may actually be damaging the fishing because it creates an 

imbalance in the lake. 

MARKETS 

One positive result from MDNR producing their own 
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fingerlings is that private producers have developed and 

established other customers and markets. Competition for these 

markets has increased because new producers in the industry, such 

as farmers, discover growing fry to fingerlings is the simplest 

way to enter fish farming. In surveying a number of growers, 

many complained that there are too many hobby growers that are 

inefficient. They think these growers are actually losing money 

if they include all their costs. 

Surveyed growers would not discuss specific customers. They 

do sell some walleye fingerlings in Minnesota but the large 

accounts are outside the state. A report published by the North 

Central Region Subcommittee on Aquaculture (See Appendix A) shows 

Minnesota, Wisconsin, and Iowa state agencies purchase walleye 

from private producers for stocking.2 The growers also have 

customers in North and South Dakota, Nebraska, and Missouri. 

MDNR will be open to buying more walleye fingerlings in the 

future. However, they do not want to become dependent on private 

producers because they fear the producers will not deliver all 

the needed walleye fingerlings. MDNR may require the growers to 

post a performance bond in an effort to assure an adequate 

supply.~ If a grower could not meet the terms of the agreement, 

MDNR could buy the fish elsewhere. 

2Anne R. Kapuscinski and Mark L. Gross, 11 Status of 
Commercial Aquaculture and Research in the North Central Region 11

, 

University of Minnesota Department of Fisheries and Wildlife, 
Apri 1 1987. 

3Jack Wingate, MDNR, Personal Communication, June 11, 1987. 
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PRICES 

The price for a walleye fingerling depends upon its size. 

For fingerlings in the 2 inch range, prices were varied from 

$0.15 to $0.25 each. As they get bigger the price is by the 

inch. The current price quoted by private producers for larger 

fingerlings varied from $0.15 to $0.25 per inch, making a four 

inch fingerling worth $0.60 to $1.00. These prices are down from 

a few years ago when a four inch fingerling sold for about $1.25. 

The current price MDNR is willing to pay is $3.00 per pound 

with 30 fingerlings per pound. In the future, the method used to 

catch the fish may affect the MDNR price. Fingerlings that are 

seined rather than trapped could be worth less, because seining 

is more stressful and results in higher mortality rates. 

8 



TABLE FOOD WALLEYE MARKETING 

PRODUCTION 

Canada is the major source of table walleye in the U.S. 

About 90% of the U.S. consumption is Canadian imports with the 

remainder being American Indian commercial production. The 

Canadians are dominate because the U.S. has banned, except for 

the Indians, commercial walleye fishing. The pressure to close 

commercial fishing came from sport fishing groups and from the 

Canadian Government over border water disputes. 

The Canadians have been very aggressive in marketing and 

processing their freshwater commercial catch. In 1969 the 

Freshwater Fish Marketing Corporation (FFMC) was established. 

Its major objective is to achieve the greatest possible economic 

returns to the aggregate of Canadian commercial fishermen with 

respect to their commercial fishing production. This quasi-

government agency has the exclusive right to trade in fish in 

interprovincial and export trade. However, it has allowed some 

groups to market their own catch in the U.S. A group of Lake 

Erie fishermen have been especially successful in increasing 

their catch and marketing directly to U.S. processors. 

FFM-£ helps subsidize commercial fishermen. Based on 

expected market conditions, FFMC seasonally sets prices and catch 

quotas for individual species. At the end of the calendar year, 

if sales revenue is above expectations, the commercial fishermen 

receive an additional final payment for the year. 

Table 1 shows the most current available information from FFMC on 
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the production of walleye. 

TABLE 1 
PRODUCTION OF WALLEYE IN ROUND WEIGHT 

(IN 000 1 S) 

------------------------------------------------------------------
1986 1985 1984 1983 1982 1981 1980 

Canadian Lake Erie 6900* 4800* 3510 2485 2520 2330 1660 
Northern Ontario 575 700 800 750 780 
Minnesota 1085 985 48 5 390 265 

----- ----- ----- ----- -----
Tota 1 5170 4170 3805 3470 2705 

FFMC 11741 9020 12387 11403 8638 

TOTAL PRODUCTION 16911 13190 16192 14873 11343 
===== - --- - ===== ===== ------ ---- -----

TOTAL U.S. SALES* 4830 3360 11838 9233 11334 10411 7940 
---- ---- ----- ----- ---- - ===== ===== ----- ----- -----

*Estimated 

Source: Freshwater Fish Marketing Corporation 

Total sales of walleye in the U.S. were estimated to be almost 

12 million pounds in 1984. The most current information is 

available for only the Great Lakes. It shows over 3 million pounds 

of walle-ye from the Great Lakes (Lake Erie) were sold in the U.S. 

during 1985 and almost 5 million pounds in 1986. While FFMC is the 

dominate supplier with 69 percent of the total production in 1984, 

the Canadian Lake Erie commercial fishermen catch has increased 

dramatically from 1.66 million pounds in 1980 to 6.9 million pounds 

in 1986. 
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Figure 1 shows the annual FFMC fiscal year purchases of walleye 

and sauger from 1976 though 1987. The volumes reflect the 

Corporation's purchases which are processed and either quickly sold 

as fresh, or frozen and held in inventory. Walleye purchases show a 

decline since 1985. This trend must be a result of problems in the 

production area since 1986 FFMC walleye sales and prices were at 

record levels.4 
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4Freshwater Fish Marketing Corporation, "Advisory Committee 
Newsletter", Issue 15, January 1987. 
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Purchases of sauger, a close relative to the walleye, are also 

shown in Figure 1. It is being marketed as an alternative or 

substitute for walleye, so it is viewed as a direct competitor. 

Unlike the walleye, sauger purchases have fallen due to 

relatively high inventories. Sauger and walleye must be labeled and 

sold separately in the U.S., so sauger sales have lagged far below 

walleye. In an attempt to open up new markets and gain consumer 

acceptance, FFMC is marketing sauger in vacuum packed packages under 

the name Canadian Pike in several major U.S. retail chains. FFMC 

hopes the consumers associate sauger with walleye. Preliminary 

sales figures indicate this may be occurring as sauger sales have 

increased. 

Walleye production follows a seasonal pattern. Fresh walleye 

is in shortest supply from January to the end of March because they 

are difficult to catch. Customers must pay higher prices for the 

fish during this period than in the spring and fall when the walleye 

are most plentiful and priced considerably lower. 

CONSUMPTION 

U.S. per capita consumption of fresh and frozen fish reached a 

record liigh of 9 pounds per capita in 1985. This peak was 

maintained in 1986 as shown in Figure 2. Between 1982 and 1986, per 

capita consumption has grown at a 4.0 percent compounded annual 

growth rate. This trend is due to consumers buying healthier food. 

As long as prices do not become too high, increased fish consumption 

should continue to grow in the future. 
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FIGURE 2 
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MARKET 

Walleye is a popular table fish because of its quality and 

flavor. FFMC reported in 1986 that they could have sold over one 

million pounds more of walleye if fishermen could have delivered 

it. 5 ~ · 

Several fish brokers who buy, sell, and store fish in the 

Midwest were surveyed about the market for walleye. All responded 

that locating walleye buyers is never a problem. What really limits 

5Freshwater Fish Marketing Corporation, "Advisory Committee 
News 1 et te r 11 

, I s sue 14 , Ju 1 y 19 8 6 • 
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the walleye market is walleye availability. For example, Morey's 

Fish House in Motley, Minnesota noted that their walleye business 

has dropped 30-40 percent since the closing of commercial fishing on 

Lake of the Woods and Rainy Lake in 1986.6 They sometimes must 

travel 200 miles into Canada to obtain small quantities of walleye. 

Kemp's Fisheries in Duluth, Minnesota mentioned it takes only 

one or two telephone calls to sell any walleye they get from 

Canada.7 A broker at the Chicago Fish House in Chicago, Illinois 

said that since the banning of commercial fishing on Rainy Lake, the 

walleye market has been stable and not very exciting. Sales have 

been flat because of limited supply and relatively high prices.8 

There is a large market for table walleye but the exact size is 

difficult to determine since the production is below restaurant and 

household demand. More market research is needed to estimate the 

potential walleye sales if the fish were available at a reasonable 

price. 

PRICES 

The price for walleye depends on the stages of processing which 

have occurred. For example, the round weight price is the quote for 

fish rig..bt from the water or unprocessed. A headless dressed price 

6Ron Hart, Morey's Fish House, Motley, Minnesota, Personal 
Communication, June 11, 1987. 

7Brian McDuffy, A. Kemp Fisheries, Duluth, Minnesota, 
Personal Communication, April 15,1987. 

8Bob Rubin, Chicago Fish House, Chicago, Illinois, Personal 
Communication, May 18, 1987. 
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is for fish gutted and the head removed. The fillet price is a 

completely processed fish which is ready for retail sale. 

Obviously, the more processed the fish the higher the price or value 

added. 

According to the brokers that were surveyed, the U.S. wholesale 

round weight price has ranged from $1.25 to $3.00 per pound. Since 

1985 the price has fluctuated around $2.00 per pound with the price 

dipping as low as $1.60 per pound. 

As a walleye is processed some of the weight is lost due to 

waste and bone. Fillets represent only 40-45% of the round weight 

fish. Therefore, the fillet price per pound increases appreciably. 

Historically, the U.S. wholesale price for walleye fillets has 

ranged from $3.25 to $6.00 per pound. Since 1985 the fillet price 

has been in the $4.00-$5.00 range. The current (June 1987) local 

wholesale and retail price is $4.60 and $6.00 per pound respectively. 
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OPERATIONS 
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REVENUE 

Using the pricing data available for different size walleye 

a schedule of potential revenue can be determined. Table 2 

contains revenues for selling walleye at several different sizes, 

starting with eggs and ending with table walleye of approximately 

1 pound. It shows that raising walleye from one size to another 

TABLE 2 
POTENTIAL REVENUE 

Walleye Survival to Selling Total Value 
Size Number Next Size Price Revenues Added 

Eggs 1,000,000 70% $500/Quart $5,000 $5,000 
Fry 700,000 50% $16/1000 fry $11,200 $6,200 
2-3 inch 350,000 70% $.25 each $87,500 $81,300 
6 inch 245,000 90% $1.25 each $306,250 $218,750 
1 pound 220,000 $2.00 each $441,000 $134,750 

will increase revenue if the selling prices and survival rates 

can be maintained. According to MDNR the selling price for 

walleye eggs varies from $400 to $1,000 per quart. Using a price 

of $500 per quart, the 1 million eggs (10 quarts) would sell for 

$5,000, or their value could be increased by hatching them. If a 

70% hatching survival rate is used, which is the high side of the 

range9 700,000 fry· will be available for sale, thus adding a 

minimum of $6,200 to the value of eggs. The fry in turn can be 

grown into fingerlings but the survival rates are low because the 

9John G. Nickum, "Walleye," in Culture of Nonsalmonid 
Freshwater Fishes, ed. John R. Stickney, (Baco Raton, Florida: 
CRC Press, 1986) p. 119. This article is a concise overview of 
walleye culture research to date and is included as Appendix B to 
this report. 
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fry are delicate to grow. The rates range from 1% for fry raised 

on nonliving food in an intensive operation to 50% under good 

conditions in pond culture.10 Using the 50% survival rate and a 

$0.25 per fish selling price,11 the fingerlings will be worth 

$87,500 when they are approximately 2 inches in length. As the 

fingerlings continue to grow the survival rate increases from 50% 

to almost 70%12 and the selling price increases to $1.25 for each 

six inch fish.13 The greatest value added to the walleye, 

$218,750, is gained by raising the walleye from 2 to 6 inches. 

Raising them from 6 inches to 1 pound also increases the 

value because of an increased survival rate and a higher selling 

price.14 If the walleye are sold for $2.00 per pound an 

additional $134,750 can be obtained by growing the walleye to 

table size. 

Table 2 shows the potential revenue for raising one million 

walleye from eggs to one pound table fish. Value is added by 

each successive step because the increased price more than 

offsets the lower number of surviving walleye. This will be true 

lONickum, 11 Wal leye, 11 pp. 120-21. 

llJ,-ohn Ringle, Aquaculture Workshop, St. Cloud, Minnesota, 
April 4, 1987. 

12R.G. Howey, G.L. Theis, and P.B. Haines, "Intensive 
Culture of Walleye (stizostedion vitreum vitreum)," U.S. Fish 
and Wildlife Service, Lamar Fish Cultural Development Center, 
Lamar, Pennsylvania, Sept. 1980, p. 5. 

13Leonard Rydell, Personal communication during the 
Aquaculture Workshop, St. Cloud, Minnesota, April 4, 1987. 

14John Ringle, Personal communication during the Aquaculture 
Workshop, St. Cloud, Minnesota, April 4, 1987. 
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as long as the survival-price relationship is maintained. 

OPERATIONS 

One way to establish a baseline walleye culture operation is 

to look at an existing operation and keep its process intact 

unless research suggests a more efficient and practical 

alternative. The Golden Pond company is used for this comparison 

because it is already in the business of raising and selling 

walleye, and it is the only MDNR approved source of walleye eggs 

in Minnesota. In addition, Golden Pond was mentioned most often 

as a source of eggs, fry, fingerlings, and competition by people 

in the walleye business. Therefore, it was selected as the 

starting point for a walleye operation. 

Golden Pond is located on 2,000 acres of land and has its 

own brood stock, hatchery, and ponds for growing walleye which 

are sold as fry and fingerlings for stocking. They do not sell 

table fish because it is not economical to grow and sell them.15 

In addition to walleye Golden Pond also sells minnows which it 

raises, aeration systems, water control structures, and pontoon 

boats for harvesting and maintaining ponds,16 

Golden Pond k€eps 2,000 brood stock in a lake on their 

property,17 assuring them of an egg supply. In the past walleye 

15Robert Hiltner, Golden Pond manager, Personal 
communication. 

16Golden Pond sales brochure. 

17Mikkel Pates, "Golden Pond," a reprint from The Forum, 
October 12, 1986. 
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eggs were hard or impossible to obtain, therefore, keeping brood 

stock was the only way to maintain some control over the egg 

supply. While the recent changes in Minnesota law make it easier 

to obtain walleye eggs from MDNR, it also opens the door for 

additional sales of eggs. Anyone denied permission by MDNR to 

obtain eggs or fish from outside Minnesota must be notified of an 

approved source to obtain them. If no other source is available 

MDNR must sell them eggs from state facilities. Because MDNR is 

concerned about maintaining a supply of eggs for their own 

hatchery, they would probably promote an approved Minnesota 

supplier of eggs. Currently, Golden Pond is the only alternative 

source of eggs acceptable to MDNR. With the interest in 

aquaculture expanding, as evidenced by the attendance at a recent 

Aquaculture meeting in central Minnesota,18 the demand for 

walleye eggs should increase. Having brood stock not only 

assures a supply of eggs for the operation but could be a source 

of revenue in the future. Therefore, it appears maintaining 

brood stock should be included in a walleye business. 

Once the eggs are stripped from the mature walleye, they are 

hatched in the Golden Pond hatchery. This hatchery process is 

not new; walleye h~ve been hatched and stocked since the late 

1800 1 s.19 Although hatchery research is being conducted, no 

18Approximately 150 people attended the workshop. 

19Percy W. Laarman, 11 Case Histories of Stocking Walleyes in 
Inland Lakes, Impoundments, and the Great Lakes -- 100 Years of 
Walleyes, 11 in Selected Coolwater Fishes of North America, ed. 
Robert L. Kendall, Proceedings of a Symposium held in St. Paul, 
Minnesota March 7-9, 1978, Special Publication No. 11, 
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major improvements have been made to the process.20 Survival 

rates of 55 % to 70 % are typical. Given the technical data 

available for a hatchery and the value added by hatching the 

eggs, a hatchery should also be part of a walleye culture 

business. 

Based on existing research, Golden Pond is doing a number 

of things that are necessary for a walleye operation to succeed. 

Research has shown it is difficult to raise fry in an intensive 

operation. Even when the fry are started on live diets, the 

survival rates are not good; mean survival rates vary from 3.9% 

to 14.6%.21 Putting the fry in a pond environment increases the 

likelihood of survival, but natural ponds alone do not assure 

survival. Attempts to grow walleye in ponds without controlling 

some environmental variables have resulted in survival rates 

ranging from 0% to 60.4%.22 Golden Pond has improved the fry's 

(Washington D.C.: American Fisheries Society). 

20Nickum, 11 Walleye, 11 p. 119 . 

21Richard T. Colesante, Norman B. Youmans and Bernard 
Ziolkoski, "Intensive Culture of Walleye Fry with Live Food and 
Formulated Diets," The Progressive Fish-Culturist, 1986, 48: p. 
3 6. 

22See Sifa Li • and G.B. Ayles, "Preliminary Experiments on 
Growth, Survival, Production and Interspecific Interactions of 
Walleye (Stizostedion Vitreum Vitreum) Fingerlings in Constructed 
Earthen Ponds in the Canadian Prairies," Canadian Technical 
Report of Fisheries and Aquatic Sc i ences No. 1041, Department of 
Fisheries and Oceans, Western Division, Winnipeg, Manitoba, Dec. 
1981; J.S. Campbell and K.R. Rowes, "Growth and Survival of 
Walleye, Stizostedion vitreum vitreum (Mitchell), in Rearing 
Ponds near Lake Winnipegosis Manitoba," Canadian Technical Report 
of Fisheries and Aquatic Sciences No . 949, Department of 
Fisheries and Oceans Western Region, Winnipeg, Manitoba, July, 
1980; and William E. Lynch Jr. , David L. Johnson, and Scott A. 
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chance for survival by aerating their ponds. Aeration increases 

the plankton and dissolved oxygen (DO) in the water. Both of 

these factors play a role in fry survival and growth. 

Fry do not feed immediately after hatching but survive by 

absorbing a yolk sac. Three to 5 days after hatching they begin 

feeding on plankton. If the fry are stocked in high 

concentrations when they begin to feed, cohort cannibalism23 will 

occur. This can be minimized by increasing the amount of food 

available to the fry.24 Aeration stimulates plankton growth, 

making additional food available. Aeration also maintains a safe 

level of DO in the ponds. If the DO becomes too low, 100% 

mortality will occur.25 Thus by aerating the ponds, Golden Pond 

improves the changes for fry survival. 

The fry continue to feed on plankton until they become 

piscivorous26. This will occur when the walleye reach a length 

Schell, 11 Survival, Growth, and Food Habits of Walleye x Sauger 
Hybrids (Saugeye) in Ponds, 11 North American Journal of Fisheries 
Management, 1982, 4: pp. 381-87. 

23Walleyes eating other walleyes of the same size. 

24See Howey, 11 Intensive Culture of Walleyes, 11 p. 8; John 
Dobie, 11 Growth of walleye and sucker fingerlings in Minnesota 
rearing___ponds, 11 International Association of Theoretical and 
Applied Limnology,-17 (November 1969): p. 648; and N.L. Loadmar, 
G.E.E. Moodie, and J.A. Mathias, 11 Significance of Cannibalism in 
Larval Walleye (Stizostedion vitreum), 11 Canadian Journal of 
Fisheries and Aquatic Science, Vol. 43, No. 3, 1986. 

25Sifa Li and A.B. Ayles, 11 An I nvestigation of Feeding 
Habits of Walleye (stizostedion vitreum vitreum) Fingerlings in 
Constructed Earthen Ponds in the Canadian Prairies, 11 Department 
of Fisheries and Oceans Western Region, Winnipeg, Manitoba, Dec. 
1981, p. 2. 

26Feeding on fish, i.e. minnows. 
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of 1 1/2 to 3 inches, depending on the food available.27 In 

order to maximize output some type of supplemental feeding must 

occur at this time. At Golden Pond minnows are added one time to 

act as a source of food for the walleye. While the minnows 

increase survival of the fingerlings28 one problem can arise if 

the minnows are allowed to over-winter in the ponds. They will 

compete with the next batch of fry for the plankton and could 

eventually overpopulate the ponds.29 Using a formulated feed 

instead of minnows could avoid this problem. Research has shown 

similar survival rates for piscivorous walleye when fed live or 

artificial diets.30 Even though an artificial diet has not been 

used to a great extent on a commercial basis, research suggests 

it may be comparable to a natural diet. Therefore, the 

advantages and disadvantages of using an artificial diet should 

be considered when starting a walleye culture business. 

The area of Golden Pond's operation that raises the biggest 

question is using a natural nondrainable pond. While experiments 

have shown good survival rates for fry raised in ponds they have 

also indicated a problem when harvesting fingerlings. In one 

27J..ack A. Mathias and Sifa Li, 11 Feeding Habits of Walleye 
Larvae and Juveniles: Comparative Laboratory and Field Studies," 
Transactions of the American Fisheries Society 1982, 111: p. 733. 

28G.M. Swanson and F.J. Ward, 11 Growth of Juvenile Walleye, 
Stizostedion vitreum vitreum, (Mitchell) in Two Man-made Ponds in 
Winnipeg, Canada., 11 International Association of Theoretical and 
Applied Limnology, 22 (March 1985): 2502-07. 

29Sifa Li, 11 An Investigation of Feeding Habits, 11 1981, p. 4. 

30Howey, 11 Intensive Culture, 11 p. 5. 
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experiment, approximate survival rates of 52.4% and 60.4 % were 

obtained in two natural ponds. Yet due to po nd weed growth, an 

average of only 13.7 % of the fingerlings could be removed.31 

Leaving some fingerlings in a larger pond can also have an impact 

on fry survival. If some of the walleye survive the winter they 

may feed on the next crop of walleye . On one occasion when fry 

were stocked in a pond that contained other predator fish, no fry 

survived longer than 2 weeks after introduct i on . 32 These 

experiments suggest that nondrainable ponds do not result in the 

highest possible survival of fry. If the intent of a walleye 

culture operation is to maximize the harvest of fingerlings, the 

ponds should have some means of being drained. This would assure 

most if not all of the harvestable fingerlings were caught. 

Based on the technical informat i on available , a walleye 

culture operation should have brood stock for supplying eggs, a 

hatchery, and a system of drainable ponds with some environmental 

variables controlled to assure good growing conditions. 

PROFITABILITY 

The last two sections have deal t with the potential revenue 

and the basic technical requirements for a walleye culture 

operation . While it is technically f easible to be in the 

business and sell the walleye, Golden Pond serves as an example, 

31J.S. Campbell and K. R. Rowes, "Growth and Survival of 
Walleye", p. 4 . 

32William E. Lynch Jr . , David L. Johnson, and Scott A 
Schell, "Survival." 
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the profitability is unknown. Leonard Rydell, owner of Golden 

Pond, has repeatedly declined requests to share financial 

information about his business.33 Thus, anyone trying to start a 

walleye culture business must determine the potential 

profitability of the operation on their own. 

This is a difficult process for several reasons. First, 

some costs are site specific. The available land and water 

resources at any particular site will determine start-up and 

operating costs. Golden Pond uses natural ponds for growing out 

the fry and does not circulate additional water through them. 

Their water costs would be less than someone who circulated water 

through smaller drainable ponds. On the other hand, Golden Pond 

owns 2000 acres of land along with the 12 natural ponds. The 

land costs would probably be less for someone building drainable 

ponds. Therefore, anyone planning to start a walleye culture 

business must determine the costs based on a specific site. 

Even though there is no existing walleye business to use as 

a comparison, the operating costs can be determined by using 

other sources. For example, information could be obtained from 

MDNR on the costs for building and operating a hatchery. While 

the objective of MDNR is not profit oriented, their costs could 

serve as a basis for a profit making operation. The same process 

could be used to determine costs for the rest of the operation by 

using other public aquaculture facilities. 

33Leonard Rydell, Personal communication, and Pates, "Golden 
Pond. 11 
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The most difficult part of profitability to determine is the 

revenue. Table 2 can be used to illustrate this problem. All 

the survival rates and prices used in the table are merely points 

within ranges obtained from various independent sources. Some of 

the points were on the high side, others in the middle or on the 

low end. Compounding the problem is the source of the ranges. 

The survival rates were based on both actual operating experience 

and experiments. Nickum states the average hatchery success is 

55% to 70%. These figures are based on the results from 

operating hatcheries. Many of the grow out survival rates, 

however, are based on a number of independent experiments. Some 

of the rates were based on results from one time experiments and 

have no historical basis. An overall survival rate for walleye 

from eggs to fry could not be found. The same can be said - about 

the prices. With the exception of prices for human consumption 

there is no historical data available for eggs. fry, or 

fingerlings. Like the survival rates, the prices used in Table 2 

are simply points within ranges. The results in the table could 

vary considerably if other survival rates and prices are used. 

Thus, the revenue projections made by anyone developing a 

businessplan for .a walleye operation will be tentative at best. 

Given the uncertainty of the data used to determine 

profitability of a walleye operation, the best business plan 

would be one developed for a specific site by people having some 

experience raising walleye and having a desire to start an 

operation. One such business plan was done in 1984 by a West 
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Central Minnesota entrepreneur.34 The operation consisted of a 

drainable pond system with hatchery for hatching and rearing of 

walleye. The design and establishment of the operation was done 

by the biologist manager, who had considerable walleye 

experience, with the help of an engineering consultant. The 

financial forecasts including revenue projections were done by an 

accounting firm working closely with the manager. Fry and 

fingerlings would be sold in Minnesota and other states for 

spring and fall stocking. In addition, eggs and some larger 

table fish would be sold to increase revenue and cashflows. 

The business plan financial projections indicated net income 

from operations would not be realized until the last quarter of 

the fourth year of operation. From then on the company would be 

profitable. Approximately $750,000 was needed over five years to 

realize the returns. Initial financing was obtained and 

construction work started. Unfortunately, the original investors 

developed equity problems, could not find alternative financing 

to keep the operation going, and ceased operations after only one 

year. 

The difficulty encountered by this group of entrepreneurs in 

obtaining financi~g is one that other start-up aquaculture 

enterprises will probably face. The investors must be patient 

and have the ability to wait a number of years for returns on 

their investment. The possible returns are uncertain and must be 

34The NRRI Business Group was given a copy of the financial 
section and assumptions used to determine the firms 
profitability. 
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weighed against the risk. This uncertainty makes it difficult 

for aquaculture firms to attract capital. 

WARM WATER 

One option that may have potential for decreasing the 

uncertainties and increasing the revenue of walleye culture is 

using warm water. Heating the water or having a warm water 

source increases the growout process for fry feeding on plankton, 

fingerlings, and food fish.35 However, it does not help the eggs 

hatch or the fry absorb the yolk sac, and may actually result in 

lower survival rates for eggs and young fry.36 

Table 3 shows the results of a bioenergetics model37 

parameterized for walleye38 that compares the growout potential 

of walleye in warm water and natural unheated ponds when all 

other growing factors are held at constant optimal conditions. 

In Table 3 Day 1 is May 15 and the original stocked population 

size of 35,000 fish has an expected 55% annual survival rate. 

In heated water the rate of growth is accelerated. The 

35H.T. Huh, H.E. Calbert and D.A. Stuiber, "Effects of 
Temperature and Light on Growth of Yellow Perch and Walleye using 
Formulat.e.d Feeds, 11 Transactions of the American Fisheries 
Society, Vol. 105, . No. 2, 1976, p. 257. 

36Nickum, p. 117. 

37Steven W. Hewitt and Barry L. Johnson, 11 A Generalized 
Bioenergetics Model of Fish Growth for Microcomputers," 
University of Wisconsin Sea Grant Institute, Madison, Wisconsin, 
1987. 

38Michael McDonald, Natural Resources Research Institute, 
Duluth, Minnesota, 1987 . 
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TABLE 3 

BIOENERGETIC MODEL COMPARISON OF GROWTH RATES 
FOR UNHEATED AND HEATED WATER . . .................................................................. . 

DAY 

UNHEATED l~ATER 

WEIGHT/FISH 
(In Grams) 

NUMBER 
OF FISH 

HEATED HATER 

WEIGHT/FISH 
(In Grams) 

NUMBER . 
OF FISH . ..................................................................... 

1 
10 
20 
30 
40 
50 
60 
70 
80 
90 

100 
110 
120 
130 
140 
150 
160 
170 
180 
190 
200 
210 
220 
230 
240 
250 
260 
270 
280 
290 
300 
310 
320 
330 
340 
350 
360 
365 

0.005849 
0.019265 
0.073237 

0.2076 
0.4830 
0.9649 
1.6517 
2.6053 
3.9963 
5.8902 
8.3210 

11.2660 
14.5080 
17.7962 
20.7540 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.902-9 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 
21.9029 

34,943 
34,431 
33,872 
33,322 
32,781 
32,248 
31,724 
31,209 
30,702 
30,203 
29,712 
29,230 
28,755 
28,288 
27,828 
27,376 
26,931 
26,494 
26,064 
25,640 
25,224 
24,814 
24,411 
24,014 
23,624 
23,240 
22,863 
22,491 
22,126 
21,767 
21,413 
21,065 
20,723 
20,386 
20,055 
19,729 
19,409 
19,250 

0.006391 
0.038539 

0.1425 
0.3692 
0.7783 
1.4348 
2.4080 
3.7702 
5.5964 
7.9636 

10.9503 
14.6367 
19.1038 
24.4333 
30.7081 
38.0110 
46.4257 
56.0359 
66.9255 
79.1785 
92.8790 

108.1109 
124.9582 
143.5045 
163.8334 
186.0281 
210.1715 
236.3465 
264.6351 
295.1195 
327.8812 
363.0012 
400.5604 
440.6389 
483.3166 
528.6728 
576.7863 
601.9015 

34,943 . 
34,431 . 
33,872 . 
33,322 . 
32,781 . 
32,248 . 
31,724 . 
31,209 . 
30,702 . 
30,203 . 
29,712 . 
29,230 . 
28,755 . 
28,288 . 
27,828 . 
27,376 . 
26,931 . 
26,494 . 
26,064 . 
25,640 . 
25,224 . 
24,814 . 
24,411 . 
24,014 . 
23,624 
23,240 . 
22,863 . 
22,491 . 
22,126 . 
21,767 . 
21,413 . 
21,065 . 
20,723 . 
20,386 . 
20,055 . 
19,729 . 
19,409 
19,250 . ..................................................................... 

Source: Michael McDonald, Natural Resources Research Institute, 
unpublished data. 
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model indicates it takes less time for the fish to reach a 

specific size which means a larger population size will survive. 

For example, 1134 more fish could be raised to five inches in 

length using warm rather than unheated water. This represents an 

additional $1134 in sales if the fingerlings are selling for 

$1.00 each. Because the fingerlings continue to grow year round 

they weigh 601 grams or 1.3 pounds by the end of the year. 

Growth stops in the unheated water after 150 days because the 

colder water temperatures inhibit any additional gain. They are 

approximately 5 inches long at this time and remain that size 

until the water warms the following May. 

In addition to increasing the survival to a particular size, 

warm water adds the possibility for increasing revenue. Larger 

fry, fingerlings, or table walleye could be brought to market at 

the same time as the unheated natural pond fish. For example, in 

unheated water it takes 150 days to grow a five inch fingerling; 

in warm water this fingerling would be over 7 inches long. These 

larger fingerlings should have a competitive advantage over 

smaller ones when stocked because they are more likely to 

survive. Although the higher survival rate should place a 

premium on the he~ted water fish and be valued at a higher price, 

no price data exists. Therefore , it is difficult to determine 

the additional value of the warm water. 

Another possibility for increasing revenue using warm water 

is having normal market sized warm water fish come to market at 

different times. The traditional buying and stocking of fry and 
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fingerling is based on the natural pond growout so stocking 

occurs in the spring and fall. Selling fingerlings throughout 

the winter would be possible using warm water, but traditional 

stocking patterns would have to be changed. In addition, new 

outstate markets may have to be opened. It is likely customers 

would take advantage of an extended growing season, but the 

market is untested and its size is unknown. 

In conclusion, warm water offers some potential for 

increasing revenue and possibly profitability of a walleye 

culture operation. For example, fingerlings could be stocked 

several times during the spring and fall, or be held over winter 

for the table market. However, these are unanswered questions 

concerning the use of heated water on walleye. Even though some 

research has been done using warm water there is no long term 

data available. The growth rates used in Table 3 are based on 

research experiments and not on an actual walleye culture 

business. It is unknown whether or not they can be duplicated in 

a business setting. In addition, there are a number of marketing 

questions that must be addressed to determine the full value for 

using warm water •. The only way to answer these questions is to 

operate an actual warm water walleye culture facility. 
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APPENDIX A* 

*Selected tables from the 11 Status of Commercial Aquaculture and 
Research in the North Central Region" by Ann R. Kapuscinski and 
Mark L. Gross of the University of Minnesota, Department of 
Fisheries and Wildlife, April 1987. 
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TABLE 1 -

Table 1. The number of licensed/non-licensed aquaculture producers 
in the north central region. Producers of food fish, bait fish, fee 
fishing, and fish for stocking are included. 

State Number 

Illinois 22 

Indiana 133 1 

Iowa 23 

Kansas 45 1 

Michigan 103 

Minnesota 83 

Missouri 170 1 

Nebraska 35 

North Dakota n.a. 

Ohio 74 

South Dakota 25 

Wisconsin 86 

TOTAL 799 

1 Licenses are not required of producers in these states. The Missouri 
figure is based on 1980 and 1984 surveys of aquaculturists. 



TABLE 2 

Table 6a. Incidence of privately produced fish that are sold to state 
agencies for stocking in public waters. 

Species 

Channel catfish 

Chinook salmon . 

Crappies 

Fathead minnow 

Grass carp 

Golden shiners 

Largemouth bass 

Muskellunge 

Northern pike 

Sunfish sp. 

Suckers 

Tiger muskellunge 

Trout sp. 

Walleye 

White bass 

State(s) 

IAl, IL, KS, MN, MO 

MN 

MN 

MO, WI 

IAl, MO 

MO 

IA 1, MN 

WI 

IN, MN 

MN,MO 

MN 

MO 

IL, MI, MN, ND, WI 

IAl, MN, WI 

IN 

1 Sold to city and county government agencies but not to state agency. 



- TABLE.. 3 

TOTAL NUMBER OF OPERATORS IN MINNESOTA 
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TABLE 4 

SPECIES CULTURED IN MINNESOTA 

Species Food Fish Stocking Fee Fishing Bait Fish 

Brook trout X X X 
Brown trout X X 
Bullhead X X 
Channel catfish X X 
Crappie X 
Lake trout X 
Largemouth bass X 

Species food Fish Stocking Fee Fishing Bait Fish 

Northern pike X 
Rainbow trout X X X 
Salmon X 
Shiners X 
Suckers X 
Sunfish X X 
Walleye X X 
Whitefish X X 



TABLE 5 

MINNESOTA FOOD FISH PRODUCTION 
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TABLE 6 

PRODUCTION OF FISH FOR STOCKING IN MINNESOTA 
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TABLE 7 

MINNESOTA FEE FISHING PRODUCTION 
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TABLE 8 

MINNESOTA BAIT FISH PRODUCTION 

NUMBEROF 
GALLON.S 

PRJDUCED PER 
YEAR X 1,000 

100 
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80 

70 

60 

50 

40 

30 

20 

10 
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TABLE 9 

1985 GROSS PRODUCTION VALUES IN MINNESOTA 
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I. INTRODUCTION 

In North America, two fishes within the family Percidae have been the focus of a 
considerable amount of research by fish culturists. One of those, the yellow perch 
f Perea flavescens), was considered in Chapter 7. The other, Stizostedion vitreum, is 
considered here. Two subspecies of S. vitreum, S. v. vitreum (walleye) and S. v. 
glaucum (blue pike), have been recognized, 2 but aquaculture attention has been di-
rected only on the walleye. Culture interest has also developed for the sauger (S. can-
adense) and saugeye (hybrid between S. canadense and S. vitrerrm vicreum), though 
relatively little information is available on those fishes . Other common names for the 
walleye arc yellow walleye, pickerel, yellow pickerel, pikeperch, yellow pikeperch, 
walleye pike, pike, and yellow pike. 671 

Original distribution of the walleye was in the fresh waters of Canada from Quebec 
eastward . In the U.S. walleye were native from the St. Lawrence River south to the 
Gulf coat of Alabama, but not east of the Appalachians. The western extent of their 
range in the U.S. was east of a line from the western border of Alabama through the 
northeastern corner of Montana, essentially following the northern boreal and central 
and southern hardwood forests. 027 While the fish is largely restricted to freshwater 
lakes and streams, there have been isolated reports of walleye occurring in brackish 
water.• 11 :, 

The walleye is one of the most valuable and sought-after fishes in North America, 
both as a commercial species and as a game fish. Commercial production from Lake 
Erie alone totaled nearly 14,000 tons in the late 19S0s.611 States such as Minnesota, 
Wisconsin, and Michigan that feature walleye fishing consistently rank near the top in 
both resident and nonresident angling licenses sold. Walleye have been introduced into 
lakes throughout much of the U .S. Most culture has been by state and federal hatch-
eries for the purpose of stocking recreational fishing waters. Much of the emphasis on 
walleye production will continue in that vein; however the popularity of walleye with 
consumers implies that a foodfish market could also be established if economical cul-
ture of edible fish becomes possible. 

Techniques for taking and incubating walleye eggs stripped from wild-captured fish 
are well established. Although the origins of that aspect of walleye culture have not 
been recorded with certainty, it is known that fry have been used in stocking programs 
for over 100 years. 679 Cobb'10 described walleye propagation in Minnesota over 60 
years ago, and Nevin .. ' discussed techniques for "hatching the wall-eyed pike" at the 
16th annual meeting of the American Fisheries Society in 1887. The general procedures 
employed by early culturists have not changed substantially in the intervening years. 

Management needs in some areas call for the production of fingerling walleye of 
large sizes. Until recently, the only system available for rearing walleyes to fingerling 
size was pond culture. However, neither large numbers, nor even predictable produc-
tion can be obtained from pond culture. In spite of somewhat erratic pond production, 
most states continue to produce walleyes in that type of system. 

The demand for more and larger walleyes for sport fishery management, as well as 
the potential for commercial fish farming have produced strong interest in intensive 
walleye culture. That methodology holds potential for rearing walleyes to any desired 
size, though certain breakthroughs in technology will be required before economical 
intensive culture becomes a reality. Basic techniques for intensive culture were de-
scribed by Nickum602 in I 978 and experimental work has since continued. The Penn-
sylvania Fish Commission has used intensive culture procedures for practical produc-
tion of walleye fingerlings up to 10 cm and the Iowa Conservation Commission plans 
to do so in l 98S. 

Since successful rearing of first-feeding fry under intensive culture conditions has 
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not been economically accomplished at production levels, all intensive walleye culture 
has been based on pond rearing until the fish reach at least 2.5 cm. Thereafter, the fish 
may be offered formulated feeds and reared under hatchery conditions . 

Although the prediction that intensive walleye culture would be well established by 
l 988'n now seems overly optimistic, interest in walleye culture has remained high . 
Predictable advances during the next few years can be expected to bring large-scale 
walleye culture from the level of fry production only to that wherein fish of various 
sizes will be routinely produced. 

II. LIFE HISTORY 

A. Environmental Conditions 
Walleye juveniles and adults can be found in lakes above the thermocline. They 

often occur over relatively deep waters during summer and move inshore in early au-
tumn as water temperatures begin to fall.•u••• The species can be found over a tem-
perature range of Oto 30°C, though the preferred range is about 20 to 23°C .'" ' 

Adult walleye are negatively phototaxic••• and may spend most of the daylight pe-
riod in contact with the substrate or hiding under various objects in the water. 681 Wall-
eyes feed primarily at night in shallow water611 

••• and migrate to shoal areas diurnally . 
Walleye are able to tolerate a wide range of turbidity611 and often occur in highly 

colored lakes which are rich in humic acids. 671 They tolerate di~olved oxygen (DO) 
concentrations as low as 2.0 mg/1 in the laboratory, ... though in nature walleyes are 
generally found at DO levels above 3.0 mg/l.'00 Walleye typically occur over a pH 
range of 6 to 9. •19 

B. Reproduction 
Maturity in walleyes depends on water temperature and may also be a function of 

food availability. m In general, males mature at 2 to 4 years and females between 3 to 
6 years of age. Sizes at maturity are >279 mm total length (TL) for males and 356 to 
432 mm TL for females. 617 

Spawning behavior in nature may vary considerably and has been described by 
Eschmeyer691 for lakes, Ellis and Giles691 for streams, and Prieget•0 for marshes . 
Group spawning appears to be a common phenomenon in walleye. 

Spawning occurs in shallow water - often in < l m of water in lakes - and over 
various bottom types.'" Milt and eggs are spawned into the water column, where fer-
tilization subsequently occurs. m 

The number of eggs per unit body weight of female is relatively constant within a 
given population of fish, but has been found to vary from 28,000/kgm.m to over 
120,000/ka. "'·m Values of approximately 60,000 eggs per kilogram body weight are 
typical throughout most of the walleye's range. 

The spawning season may begin as early as January, m and in some regions may not 
be completed until June, m depending upon latitude. In some northern parts of their 
ranae, walleye may not spawn during years when temperatures arc unfavorably cold. m 
In general, spawning begins shortly after the ice breaks up in spring. 677 A so-called chill 
period may be required to induce spawning as walleyes not exposed to certain mini-
mum temperatures, below about 10°C in at least some instances,617 will not reproduce. 

Walleye eggs are adhesive when spawned. The adhesiveness lasts for an hour or 
more"•· 100 during which the eggs become water-hardened. m Development rate is de-
pendent upon temperature. As reviewed by Colby et al.,"' 10 days are required for 
hatching at 12.8°C, while the eggs will hatch in 4 days at 23.9°C. Best hatching success 
rates have been achieved at intermediate temperatures, though incubation at the low 
end of the above range leads to a higher percentage hatch than at the high end. Koenst 
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and Smith'0
' obtained greatest hatching success at 6.0°C, though no fry survived the 

period of yolk-sac absorption. Those authors obtained best survival from fertilization 
through yolk-sac al?sorption at temperatures between 8.9 and 12°C. A great deal of 
variability in walleye egg viability in nature has been reported in the literature. For 
example, Instances of hatch rates as low as 3.40Jo'01 and as high as 100%'0 J have been 
reported. 

C . Natural Food 
Walleye fingerlings and adults are highly piscivorous except during late.,pring and 

early summer when invertebrates may be important foods for fingerlings . Several au-
thors have demonstrated that young-of-the-year yellow perch are a primary prey spe-
cies in instances where that species is available. Various other fishes are taken when 
the preferred prey are not present. The above information is reviewed in detail by 
Colby et al.• " 

Limited information is available on first-feeding walleye fry, but reports indicate 
that fry up to 7 to 8 mm consume phytoplankton exclusively in Lake Erie.'0•.m In 
rearing ponds, various types of zooplankters make up the food of walleyes in the S to 
9 mm TL range (reviewed by Colby et al. 677). Selectivity of zooplankton by walleye fry 
was studied in the laboratory by Raisanen and Applcgate.'0 • 

Ill. CULTURE 

A. Spawning and Hatching 
To date, attempts to domesticate walleye by maintaining successive generations in 

1.:art ivity have not been carried beyond the second generation, though researchers at 
the Fisheries Research Laboratory. Southern Illinois University are rearing a group of 
walleyes spawned by workers at the Iowa Cooperative Fishery Research Unit with the 
intent of initiating a long-term domestication program. Bandow'0 ' compared growth 
of the offspring from pond-reared walleye with those obtained from wild-captured 
fish, but did not show enhanced growth in fingerlings produced from pond-reared 
adults. 

Spawners are obtained most often from trap-nets set in selected locations in streams 
or lakes.•" Spawning generally occurs at water temperatures from 6.7 to 8.9°C0 ' so 
temperature recommendations for setting nets to trap walleye brood stock (7 .2 to 
I0 .0°C) which date back to the first quarter of the present century'0 • are generally 
appropriate. 

Collections of spawncrs arc made at sites known to be natural spawning grou.nds. 
Walleyes typically spawn in relatively shallow water over substrates of gravel and/or 
rubble. Water as deep as 4.5 m and substrates of sand691 have been reported as spawn-
ing sites, however. The nature of the bottom and water movement and exchange must 
be sufficient to provide adequate oxygen for the developing embryos: thus, spawning 
seldom occurs over silt or muddy bottoms. 

Males generally arrive over the spawning grounds before females and may remain 
wr several days after the females have left. Even collections made at the peak of 
spawning activity-are often dominated by males. 

Broodfish are commonly stripped at the site of capture, though if unripe, they may 
be held in pens or tanks until sexual maturity is reached."' Many hatcheries have 
developed facilities in which to hold recently captured fish so that spawning at the peak 
of development can be achieved. Holding broodfish also ensures that sufficient num-
bers of both sexes are available. 

Experienced walleye culturists can identify mature females on the basis of general 
body shape, particularly the extended, somewhat softer belly as compared to males. 
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However, no absolutely reliable external characteristics for identification of the sexes 
has been established. 

No special procedures beyond normal care to minimize stress are used in the trans-
port and holding of walleye spawners. While most culturists do not employ sex hor-
mone injections and no widely accepted methodology has been developed, ovulation 
in wild-captured prespawning adult females can be induced by injections of acid-dried 
carp pituitary'00

·
10

• and human chorionic gonadotropin (HCG). 10 • Injections of 7.7 to 
22 mg/kg of carp pituitary at 72-hr intervals or HCG at the rate of 152 IU/kg are 
effective in inducing ovulation. 710 Pond-reared walleyes can also be induced with 
HCG. 710 If attempts are made to force ovulation with hormones too far in advance of 
natural spawning, the eggs will flow freely but will not be viable.'" 

Eggs and sperm may be mixed in a dry pan (dry method) or the pan may be dipped 
in water and shaken relatively free of water film before eggs are added (wet method). 
The milt of two or more males is added to the pan of eggs in either method and the 
mixture is stirred. Olson 111 suggested that maximum fertilization could be achieved by 
mixing the eggs with water before the milt is added. 

To prevent the eggs from clumping due to their adhesiveness, compounds such as 
starch and bentonite'°·rn can be added to the eggs during the water-hardening period. 
Fuller's earth may be added at 35 to 40 g/1 of water in a slurry that is poured over the 
eggs and stirred for approximately 5 min, after which it is rinsed free. Tannie acid is 
also popular with some fish culturists. 714 ·711 Waltemyer'll recommended adding tannic 
acid after fertilization and an initial rinse to remove excess milt} Reduced adhesiveness 
was observed by Dumas and Brand, 71

• who added a solution of 130 mg/ l tannic acid 
to fertilized eggs. More recently, Colesante and Youmans"' recommended exposure of 
walleye eggs for 2 to 3 min to a 400 mg/ I tannic acid solution. 

Once the eggs become water-hardened (I to 2 hr), they are rinsed and placed in 
hatching jars such as Downing jars. 717 Water flows (3 to 6 Umin) are adjusted to 
produce a gentle "rolling" movement of eggs throughout the 3.8-l jars. Hatchery 
workers in Pennsylvania add a layer of gravel to the bottom of each jar, which pro-
duces a diffuse upwelling of water with no rolling of the eggs. Their hatching rates are 
similar to those obtained in other hatcheries. The volume of eggs added to each jar is 
largely a matter of personal preference; however, jars are seldom filled to over 750Jo of 
total volume. The number of eggs present in each jar can be estimated by volumetric 
procedures, though walleye eggs seem to vary slightly in size from stock to stock and 
even as a function of female size and condition; therefore. counts of known volumes 
from each lot or eggs should be made if accurate estimates of egg numbers are desired. 
Values of 30,000 to 35,000 eggs per liter are typical. 

The length of incubation time required for hatching is temperature dependent, rang-
ing from approximately 3 weeks at 10°C to 1 week at 20°C.'0

' Many walleye hatcheries 
use surface water supplies with variable temperatures. Other local conditions may also 
affect the length of time required for hatching; therefore, no fully reliable guide can 
be offered. Colby et al.617 included information derived from the literature on incuba-
tion times, but did not develop standards based on temperature units or other universal 
units. Hatching success rates of SS to 700fo are typical. Methods used to estimate egg 
and r~ numbers have been less accurate than desirable, so while hatching rates of 950711 
have been reported, they have not been verified. 

Walleye eggs do not require substantial care during incubation. It is not standard 
practice to remove dead eggs from hatching jars, though clumps of dead eggs held 
together by the hyphae of fungi should be manually removed. Some culturists apply 
routine prophylactic treatments with various fungicides to reduce egg loss, for exam-
ple, workers in Pennsylvania hatcheries employ a 1 :600 formalin bath for 17 min daily 
as a means or controlling fungus on eggs. However no specific procedure or treatment 
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can be recommended for general use. Jars should be observed several times daily to 
monitor water flow rates, egg condition, and larval development. 

Larvae may be transferred from the hatching jars to holding tanks. In some hatch-
eries, they · are allowed to swim out of the jars into holding tanks. Larvae may be 
transported immediately after hatching and are often stocked into rearing ponds or 
lakes at swimup. Some managers prefer to wait I to 3 days following hatching before 
stocking walleye. Larval walleyes must obtain adequate food within 3 to .5 days post-
hatch or they will reach a point in the starvation process which cannot be reversed even 
in the presence of abundant food supplies. 11

• The time required for yolk-sac absorption 
and initiation of feeding is related to temperature; for example, the critical time for 
onset of feeding is 3 days at 20°C. 

B. Pond Culture Techniques 
Culture of walleyes in ponds is dependent upon the production of adequate supplies 

of food for the young fish. Walleye fry generally feed on zooplankton;"" 111 however 
diatoms have also been found as major stomach content items in fry recovered from 
Lake Erie.' 21 m Walleye often become piscivorous when they reach lengths of 6 to 8 
cm, though Walker and Applegate11

• found that they would remain planktivorous to 9 
cm or larger if abundant supplies of zooplankton were available. 

Management of ponds to produce and maintain large zooplankton populations is 
still a mixture of art and science. Many biotic and abiotic variabl,s interact to affect 
plankton community dynamics, so fish culturists must be able to analyze, interpret, 
and then manipulate conditions in their ponds on a continuing basis. Dobie'11 -m de-
veloped fertilization techniques that substantially increased walleye production in 
drainable Minnesota ponds. His techniques were based primarily on maintaining more 
than 4<17o organic matter in pond bottom soils. He recommended the use of organic 
fertilizers such as sheep and otehr barnyard manures. 

More recently Geigcr·' ·'0 "" has developed systems using liquid inorganic fertilizers 
and inoculation of seed stocks of desired zooplankters as means of increasing finger-
ling production in striped bass ponds. That methodology has not as yet been fully 
tested in walleye production ponds. Currently, culturists responsible for pond-rearing 
walleyes use various combinations of inorganic and organic fertilizers in a rather sub-
jective manner to manipulate plankton densities. Each set of ponds, and even individ-
ual ponds within a set, seems to require independent management. The techniques 
employed for individual ponds are often dependent upon the experience of the cultur-
ist. Even after many years of experience, the culturist is often unable to predict finger-
ling production from year to year or from pond to pond. 

Cannibalism is a major source of fry loss in walleye ponds. Problems with cannibal-
ism increase as zooplankton populations diminish and as differential growth creates 
substantial variation in fish size within ponds. Harvest before the fingerlings reach 6 
to 8 cm can increase survival and size uniformity, though fish in that size range may 
not be desired by the user. 

Walleye fry typically reach 5 to 6 cm in 6 weeks or less, depending upon stocking 
density and food supply in the pond. Lengths of20 to 2.5 cm can be obtained in 12 
weeks; however, the numbers of fish harvested of that size are generally quite low. 

Ponds are usually stocked with at least 12.5,000 fry/ha. Stocking rates as high as 
37.5,000/ha have been used, but growth rates and survival tend to be poor in the latter 
instance. Survival to harvest can be in excess of .500fo when pond fertility is high and 
the fish are harvested before they reach 5 cm. Survival to harvest of fish 10 cm or 
larger can be less than I "To, particularly when pond fertility is poor. Cheshire and 
Steel717 documented this negative logrithmic relationship between survival and length 
at harvest of walleye in ponds. 
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Harvest of walleye fingerlings from ponds usually takes place during the summer. 
Considerable care is required to minimize stress and prevent both severe immediate 
and delayed losses resulting from handling stress. The following recommendations are 
based upon unpublished experiences and observations at hatcheries in Iowa, New 
York, and Pennsylvania. 

I. Ponds, whether drainable or not, should be free of filamentous algae and macro-
phytes. Many fish tend to become trapp"ed in vegetation during draining and 
seining operations. 

2. Harvest operations should be conducted when water temperatures are below 
20°C, if possible. If fish are concentrated in a catch basin. a flow of fresh water 
through the basin will greatly reduce stress. 

3. Harvested fish should be immediately placed in a solution of 0 .50Jo NaCl and an 
appropriate antibacterial agent should be added. 

4. DO concentrations in all tanks, tubs, pails, or other transport containers should 
be maintained at or above 4 mg/ l. 

Given the above conditions, walleyes can be harvested and transported for up to 6 hr 
with no appreciable losses according to studies conducted by the Iowa Cooperative 
Fishery Research Unit. The importance of extreme care in the harvest and transporta-
tion of walleyes has not been fully appreciated and cannot be overemphasized. Too 
often it has been assumed that as long as the fish were alive when stocked, they would 
survive. There is no established basis for such an assumption. 

Pond production of walleye fingerlings is currently necessary since fry have not been 
successfully reared in large numbers under intensive hatchery conditions. However, the 
relatively low production that is obtained in ponds and the unpredictability of that 
production hinder the development of large-scale production facilities. These factors 
provide a major incentive for research and development of intensive culture procedures 
applicable to walleyes. 

C. Intensive Culture Methods 
The state-of-the-art with respect to intensive culture of walleyes was summarized in 

1978 by Nickum, m and the discussion which follows draws heavily on that material, 
but also incorporates the results of more recent studies, both published and unpub-
lished. 

The National Task Force for Public Fish Hatchery Policy 721 identified "the inability 
to rear the tiny delicate larvae of species like striped bass and walleye on artificial 
diets" as "the most critical bottleneck in the national fish-culture program." Although 
progress has been made toward understanding the factors which affect feeding and the 
general culture requirements of larval walleye, survival rates above S to 60'J'o through I 
month posthatch have not been achieved regularly on diets of formulated feeds. The 
conversion of pond-reared fin1erlin1s to dry, pelleted feeds has become nearly an ac-
cepied production technique and is routinely practiced in several state hatcheries and 
university laboratories. The techniques involved in rearing walleye fingerlings improve 
yearly, but they are fundamentally similar to procedures described in the 1970s.66

• ·
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m The discussion which follows is divided into procedures for various phases of cul-
ture, but it should be understood that procedures for obtaining and hatching eggs are 
the same in all instances as those described above. 

J. Fry Culture 
Walleye fry will readily feed on nonliving foods; however, survival for over a month 

has been uniformly low (typically less than I 070 ). Current studies conducted at the Iowa 
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Cooperative Fishery Research Unit have resulted in survival rates of 5 to 617fo through 
I month, but these procedures have not been tested at production levels. A variety of 
factors seems to affect the feeding of intensively reared fry, but one can only speculate 
on the m·echanisms which control unsatisfactory growth and poor survival. Rearing 
uflits, stocking densities, feeds, feeding practices, and the physical conditions which 
exist have all been implicated as important considerations. 

a. Physical Conditions and Facilities 
A variety of rearing units have been tested in intensive culture situations. They range 

from so-called "standard" start-troughs (about 3 x 0.4 x O. IS m) 10 hatching jars. No 
particular unit can be recommended at this time, since no practical method for inten-
sive culture has been developed. There are, however, a number of physical factors that 
have been demonstrated to affect larval walleyes. 

Corazza and Nickumrn found that walleye larvae are so strongly attracted to the 
sides of light-colored rearing units that they ignore all forms of live or formulated 
feeds. Fry in uniformly lighted units with dark or neutral-colored sides become more 
uniformly distributed and feed actively. 

Walleye fry feed most actively when they are within the water column of their rearing 
unit rather than on the surface or near the bottom. They also seem to have a relatively 
short search radius in which they can recognize and ingest food particles. It seems 
important, therefore. to use rearing units designed to maintain feed•particles in suspen-
sion. Various upwelling systems. usually with perforated baffle plates in the bottom, 
have been used to accomplish feed suspension without producing strong currents that 
might cause battering of the fish. 

The outlets of rearing units must be screened with a fine-meshed .material so larval 
walleye (7 to 8 mm long) do not escape. Since feed and fecal material rapidly accumu-
late on such screens, the outlet should be sufficiently large to prevent clogging and 
subsequent overflow with resultant loss of fish. Water e:itchange rates of at least 2/hr 
seem to reduce fouling and disease problems. 

No controlled, replicated studies have tested the effects of temperature on feeding 
of walleye fry . In natural environments fry may be assumed to begin feeding at IO to 
IS°C if a normal warming trend follows spawning. It seems reasonable to suggest 
similar temperatures for intensive walleye fry culture. Temperatures of 20°C have led 
to generally poor results. Temperatures above 10 to 15°C lead to increased metabolic 
rates in the fish and apparently cause the fry to exhaust their nutrient reserves before 
they can adapt to prepared feeds, thus causing massive starvation and cannibalism. 
Temperatures of about 20°C have been found desirable for walleye fingerling rearing, 
however. 

Stocking density and feeding intervals have also been thought to influence the feed-
ing of walleye under intensive culture conditions. No density guidelines can be offered 
as yet, but a typical density is 200,000 fry per standard trough. Some workers believe 
that crowding aids initial feeding, though no systematically gathered evidence supports 
that belief. Frequent feeding (eg. intervals of 2 to S min) seems to improve feed intake 
and survi"._al probably due to the feed particles being fresh and within short distance 
from the fish. 

b. Feeds and Feeding 
Numerous diets and environmental conditions have been used when feeding walleye 

fry under intensive culture conditions. Brine shrimp nauplii have been the standard live 
food source. Various e:itperimental diets, including the Oregon Moist Pellet, chicken 
egg yolk, trout and salmon starter diets, liver slurry, farina slurry, and mixed zoo-
plankton have all been tested under intensive culture conditions. The most widely used 
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formulated feed is the W-14 diet (Table I, Chapter 6) developed by the Beulah, Wyo-
ming Fish Technology Center (formerly Spearfish Diet Development Center, South 
Dakota) of the U.S. Fish and Wildlife Service. Greatest survival and growth have been 
obtained with brine shrimp nauplii, but no diet or rearing system can be regarded as 
well established. 

Failures with both dry diets and live feeds have tended to take one of two forms. 
Immediate failures to accept feed have been followed by cannibalism, "tail-biting", 
and early starvation. When the feed has been accepted by a proportion of the fry, a 
phenomenon commonly called the "dwindles" by hatchery workers has been repeat-
edly observed. Fish 2- to 3-weeks old die in substantial numbers for no apparent reason 
and the population may fall to near zero. Malnutrition is the most probable explana-
tion for the phenomenon. Failure of intensively cultured fry to inflate their gas blad-
ders may also contribute to the phenomenon. ·••• 

Continual availability of feed appears to be important. Acceptance of dry diets has 
been highest when the fish are fed at 2- to 5-min intervals with automatic feeders. 
Kostomarovam suggested that "pike" fry require feed during the final stages of yolk-
sac absorption to prevent mass starvation. Although it is improbable that he was work-
ing with walleye fry, it may be useful to note that a continual supply of required nu-
trients was critical when the fish were young. 

Cuffm concluded that greater food availability significantly reduced cannibalism in 
walleye less than 20 days old, primarily because feeding fish mQre successfully avoided 
attacks by cannibals in the population. Jahncke 111 found that '; feeding a nutritionally 
balanced diet must begin within 2 to 5 days of hatching, depending upon temperature, 
or the fry will develop an energy/nutrition deficit from which they will not recover. 

The feeding behavior of walleye fry on natural foods may provide a direction for 
feed development and feeding practkes."' 11

• The live fool.ls most commonly utiliLcu 
typically have one axis less than 0.4 mm. Tests with various pelleted diets also indicate 
that walleye fry will ingest particles of 0.2 to 0.4 mm. Some evidence points to greater 
acceptance of orange and red particles over other l'nlors, hut this has 1101 hcc11 1.:011-

firmed. It appears important to maintain a high density of feed particles whether living 
or prepared feeds are used. 

A diet based on the nutrient composition of un fert ilizeu walleye eggs was readily 
accepted by walleye fry in recent studies conducted by the Iowa Cooperative Fishery 
Research Unit. The red, freeze-dried-gelatin particles were apparently adequate nutri-
tionally, since the fish grew normally to lengths of 17 to 20 mm. However, none of the 
fish inflated their gas bladders and complete mortality occurred. Similar problems have 
been observed by other walleye culturists and by persons working with other species 
such as striped bass (see Chapter 9). Solution of the gas bladder inflation problem may 
hold a key to successful intensive culture of walleyes. 

c. Patholon, 
Patholoaical problems in walleye fry culture have not been widely investigated . 

Problems related to the presence of myxobacteria and fungi have been reported (but 
not confirmed) at several hatcheries. A fungal infection involving the oral cavity and 
gills was prevalent in one set of rearing trials conducted in New York during 1977, and 
a similar problem was reported at Linesville, Pa. It is not known whether the infection 
was primary or secondary. The flush rate in all troughs was doubled in later trials and 
no further problems were observed. 

Preliminary tests of the toxicity of standard therapeutic agents have been inconclu-
sive. Walleye fry seem to be unusually sensitve to many of the chemicals commonly 
employed by fish culturists. If that observation is sustained, the necessity for maintain-
ing high water quality standards will become even more important, since even cherrti-
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cals ar,proved by the U.S. Food and Drug Administration may be toxic to walleye fry 
at levels necessary for efficacy in other species. 

d. Suggested Methods for Walleye Fry Culture 
The following suggestions, while preliminary, may be helpful to culturists involved 

in walleye fry rearing: 

I . Cylindrical rearing units with large, finely screened outlets are preferred over 
standard start troughs . In either type of unit, water flow should be directed in a 
manner which aids in suspending food particles. Rearing units should be of a 
neutral color and should be uniformly lighted. 

2. At least two exchanges per hour of 10 to 15°C water should be provided. Once 
feeding is established the temperature may be raised to 20°C. 

3. Live feed such as brine shrimp nauplii should be provided in large quantities 
( 1000 nauplii / fish/day seems appropriate) until swim bladder inflation occurs. 
Conversion to prepared feeds should be accomplished abruptly; that is, no grad-
ual weaning period should be used. Fry reared on brine shrimp nauplii will ignore 
prepared feeds so long as live food is available. 

4. If dry feeds are used as the initial diet, they should be fed at 2- to 5-min intervals, 
24 hr/day. A feed with nutrient content similar to that of unfertilized walleye 
eggs is recommended. Since feed particles must be small (0.2 to 0.4 mm) the 
solubility of nutrients in water must be considered and appropriate adjustments 
in diet formulation made. A ring to confine feed particles and oils from the feed 
to a portion of the rearing unit surface may improve survival. 

2. Fingerling Culture 
Intensive culture of pond-reared walleye fingerlings is relatively new, but methods 

developed in laboratory systems have been adapted for use in several production hatch-
eries. Methods are similar to those described by Nick um, m but a number of modifi-
cations have been made. Most of the modifications are based on research and devel-
opment studies conducted within ·the last few years. Therefore, the material which 
follows incorporates that experience and conversations with other walleye culturists. 

a. Physical Conditions and Facilities 
Supplies of fingerling walleyes for intensive culture can be reliably produced in 

ponds using the methods described above. Highest production is obtained when the 
fish are harvested before reaching a length of S cm. Fish as small as 2.5 cm convert 
readily to formulated feeds if harvest and handling stress are minimized and the meth-
ods presented below are followed. 

Rearing units of various sizes and shapes have been successfully used for intensive 
culture of walleye fingerlings. Experience to date indicates that the most important 
consideration involving rearing units is that the flow of water should be directed in a 
manner which will keep feed particles in suspension. Upwelling systems or water flows 
introduced perpendicular to the long axis of the culture unit have been successfully 
employed. W.ater exchange rates should be adjusted to reflect the oxygen demand of 
the fish and the feeding rate. Heavy stocking densities and high feeding rates may 
require three to five exchanges each hour; however, a single exchange hourly is satis-
factory for lower stocking rates. At present, 25 kg/ml is considered maximum stocking 
density. 

Walleye fingerlings should be harvested and transported at temperatures below 
20°C, though they will survive and grow in intensive systems up to 30°C. Temperatures 
of 20 to 25°C seem optimal for good growth and low disease susceptibility. Tempera-
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turcs below 18°C reduce growth rates and growth is negligible below 10°C. Dim light 
seems to enhance feeding and the fish arc less excitable if they arc kept in covered units 
where disturbance by passersby is reduced. Photoperiods of 16 to 24 hr light daily seem 
appropriate. 

Waters of widely varying quality have been used for walleye culture. Water clarity 
may be of some importance, but other factors do not seem to influence walleye growth 
and survival, so long as stressful limits are not exceeded. Water of low turbidity gen-
erally leads to fewer losses attributable to cannibalism; however, it is not known 
whether that result is related to changes in walleye behavior or to the ability of the 
culturist to more closely observe the behavior of cannabilistic fish. Clear, clean water 
is also recommended because of reduced disease incidence. 

b. Feeds and Feeding 
It is now considered desirable to start pond-reared fingerlings which are moved to 

intensive culture systems directly on dry pellets with no weaning period. Starter size 
granules of such diets as W-14 and W-16 (Table I, Chapter 6) supplied through auto-
matic feeders at 2- to 10-min intervals, 16 to 24 hr/day, have been readily accepted by 
walleye fingerlings. Within a week, 60 to 800!(1 (survival as high as 990Jo through I 
month has been obtained) of 3- to .5-cm fish can be expected to accept such prepared 
feeds. If nonfeeding fish are removed and isolated in separate tanks, many of them 
will learn to accept feed. Particle size should be increased as the fish grow. 

No published information on feeding rates and feed conver~ion ratios is available. 
Experimental programs in which walleye fingerlings have been fed to satiation have 
typically resulted in feedina rates of .5 to l0OJo of body weight daily. Feed conversions 
as low as 1 . .5 have been obtained in such studies, but many variables are known to 
influence the values obtained. 

The W-series of diets developed at U .S. Fish and Wildlife .service laboratories con-
tain protein levels in excess of .551110 and are, therefore, quite expensive. Preliminary 
results from studies by the Iowa Cooperative Fishery Research Unit indicate that pro-
tein percentage can be reduced to 450J'o with no sacrifice of growth. Substantial modi-
fications in diet specifications can be expected now that it is possible to reliably pro-
duce pellet-fed fingerlings for such studies. 

Variations in feed color and texture, as well as flavor enhancers have been used to 
increase the acceptance of dry feeds developed for walleye fingerlings; however, most 
studies have lacked adequate replication and controls . It is the opinion of most workers 
that soft feeds are more acceptable than hard pellets. No consistent effects attributable 
to flavor enhancers have been reported. 

c. Pathology 
Myxobacterial infections, particularly those attributable to Flexibacter columnaris, 

have been the primary pathological problems associated with walleye fingerling cul-
ture. lchthyophthirius multifi/iis, Trichodina sp., Scyphidia sp., bacterial gill disease, 
furunculc;,1is, fin rot, and fungal infections have also been reported. " 0 At least 68 
additional parasites and diseases of walleyes in natural populations have been identi-
fied,10 but the majority do not appear to be serious threats in intensive culture systems. 

Various treatments have been employed to combat pathological problems in walleye 
culture. Nagelm controlled outbreaks of F. columnaris with 10-sec dip treatments in 
500 mg/l copper sulfate and I-min baths in copper sulfate at 30 mg/ I. Hyamine 3500 
at 2 mg/ I for 4S min and Oiquat at 16 mg/ I have also been reportedly successful 
against F. columnaris. 100 Malachite green, formalin, Acriflavine, potassium perman-
ganate, and Furanace have been used with variable success. Hnath'"0 reported that 
Roccal at 2 mg/ I for 1 hr effectively controlled bacterial gill disease. He also indicated 
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that Acriflavine at 5 mg/ l for I hr or Hyamine 3500 at 2 mg/ l for I hr controlled fin 
rot and that Terramycin in feed controlled the symptoms of furunculosis. Formalin 
treatments for lchchyophthirius were not successful. " 0 NagePJ• controlled bacterial gill 
disease with Rocca! at 2 mg/ I and fungus disease with formalin at I :6000. 

Disease.problems with fingerling walleyes have apparently been reduced by minimiz-
ing handling when water temperatures exceed 20°C, by strict sanitation, and by main-
taining high water quality and rapid flush rates. Dietary insufficiencies may contribute 
to disease problems; however systematic studies of pathology association with diet 
have yet to be conducted. 

d. Suggested Method for Fingerling Production 
The methods suggested below should lead to acceptable survival and growth of wall-

eye fingerlings under intensive culture conditions. However, as with any new technol-
ogy, modifications of the method will be required to reflect advances in research and 
practical experience. 

I. Walleye fingerlings should be harvested from ponds when they reach 2.5 to 3..S 
cm, a range in which starvation and cannibalism losses are low. Harvest should 
be undertaken when water temperature is below 20°C, and stress should be min-
imized through careful handling and the use of 0.51110 NaCl and a bacteriostatic 
agent in all transportation units. , 

2. Rearing tanks designed to maintain feed particles in suspension should be used. 
Water flows of one to two exchanges hourly of 20°C water are recommended. 
Covered tanks or troughs and dim lights for at least 16 hr daily are also recom-
mended. 

3. Feed with formulations similar to W-14 or W-16 should be provided at 2- to 10-
min intervals at least 16 hr/day. A feeding rate of 101110 of body weight daily may 
be needed during initial feeding, but 3 to 6% daily should be adequate once the 
fish are actively feeding. 

4. The fish should be carefully observed at frequent intervals. Cannibals should be 
removed and the fish graded at regular intervals if differential growth is ob-
served. 

J. Pose-Fingerling Culture 
Walleyes will continue to grow year-round if water temperature is maintained above 

20°C. Growth will continue at temperatures down to 10°C, but becomes very slow 
below I 5°C. Length increases of 5 cm monthly and doublings in weight at 2-week 
intervals have been obtained, but should not be expected on a sustained basis; 2-year-
old fish with well-developed gonads have been produced under laboratory conditions. 

The methods used to rear walleyes past the fingerling stage are essentially the same 
as those used for fingerling production. Pellets of 8-mm diameter will be accepted by 
walleyes of all sizes beyond 20 cm (and by some smaller individuals). All types of 
rearing units, including floating net pens (cages) have been used on an experimental 
basis. Specific optimal rearing conditions and diets have not been developed, but the 
diet, facilities, and conditions used for fingerling production are generally adequate. 

IV. SUMMARY 

Intensive rearing of walleyes is limited, at present, to fish of 2.5 cm length or greater. 
Pond production systems must be used to rear substantial numbers to that size; how-
ever, pond production becomes unreliable when used to produce fish greater than 5 cm 
long. 
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