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EXECUTIVE SUMMARY

This environmental assessment was underiaken in response 1o increased demand for
walleye fishing cpporiunites in Montana. The introduction of walleye beyond their
current range in Montana to provide these fishing opportunities may affect existing
valuable recreational fisheries. In order 10 assess the potential effects of walleye
introductions bevond their current range in Montana, this report summarizes:

-walleye life history information

-walleye habitat preferences

-characteristics of walleyve populations in other regions of the United Stales

-the status of walleye in Montana.

Walleye generally favor lakes and reservoirs larger than 250 acres that are moderately
productive, provide an abundant forage base and have suitable spawning habitat.
Other habitat considerations include pH 6.0-9.0, minimum dissolved oxygen greater
than 6.0 ppm, mean weekly water temperature during the summer in the range
64.4-77 degrees F and a rising or stable water level during spawning and embryo
development. A catch rate of 0.30 walleye/hour is considered very good in most of the
United States and Canada.

Walleye introductions in Montana have met with varied success. At Nelson, Bighomn
and Holter reservoirs, where creel census data is available, the walleye catch rates
are comparable (.20-.27 walleye/hour) to the good walleye fisheries in other paris of
the United States and Canada. The faciors which appear to generally limit walleye
populations in Montana waters are inadequate forage, widely fluctuating reservoir
water levels, and short water retention times.

The report summarizes the results of four case history introductions of walleye. Three
of the case histories involve the introduction of walleye into salmonid waters. in two of
these cases, the walleye preyed heavily on salmonids. In the third, the trout never
established substantial populations due to lack of suitable habitat.  The fourth
example describes a walleye introduction into a lake dominated by centrarchids
{bass). In this case heavy predation by walleye on bass changed the fish community
and resulted in a lower caich rate per hour.



The report concludes with the recommendation that an environmental assessment be
completed for each proposed walleye introduction. A critical component of the
environmental assessment should be the evaluation of the following guestions and
criteria. The first nine questions were developed by Drs. Christopher Kohler and Jon
Stanley, experis in the field of introduced fish {Rosen, 1988). Criteria numbers 10-14
are specific to walleye and were developed in the course of preparing this report.

1. s the need for the introduction valid and are there no native species available that
could serve the stated need?

2. ls the exotic species (walleye) safe from over exploitation in its native range?

3. Are safeguards adequate 1o guard against imporiation of disease and parasites?

4. Would the exolic species be limited to closed systems?

5. Would the exolic species have only positive ecological impacts?

6. Would the exotic spsacies be unable {0 esiabiish a self sustaining population in the
range of habitats that would be available?

7. Would the conseguences of the introduction of the exotic species be beneficial 1o
humans?

8. Does the data base indicate desirability for introduction?

9. Would the benefits of the introduction exceed the risks?

10. A trout, vellow perch or cther gamefish catch rate of 0.25 or greater should
preciude the introduction of walleye.

11. The proposed body of waler should have abundant forage fish or the potential to
support abundant forage fish.

12. The water retention time of the waler body should be one year or ionger.

13. If the proposed water body is a reservoir, water levels should be managed in such
a way as to optimize forage fish production.

14. The water body should provide the habitat requirements for walleye as described
in Table 1 of this document.



ENVIRONMENTAL ASSESSMENT OF THE INTRODUCTION OF WALLEYE
BEYOND THEIR CURRENT RANGE IN MONTANA

INTRODUCTION

Fishing for walleye has become an incraasingly popular pastime in Montana over the
past decade. The popularity of the sport grew in the eastern part of the state and has
migrated steadily west. The walleye sporisman's group Walieyes Unlimited became
active in Montana in the early 1980's and grew rapidly. By virtue of its numbers and
enthusiasm, Walleyes Unlimited has been successiul in helping to chart the course of
fisheries management in the state. Their lobbying efforts during the 1984 legislative
session were in no small measure responsible for the legisiature appropriating money
to expand the warm water fishery program in the staie.

As the popularity of walleye fishing has increased, so has interest in stocking walleye
beyond their current range in Monitana. The walleye is not native to Montana.
However, the shallow, turbid coolwater lakes and reservoirs of eastern Montana have
often provided habitat suitable for walieye introductions. There is growing interast in
planting walleye in lakes and reservoirs in the central and western portions of the state

that have always been regarded as trout waters.

Given the excellent trout fisheries in western Montana walers, the Depariment has
taken a cautious approach to introducing an effective predator inte these systems. The
potential exists for walleye 1o negatively affect existing trout, yeliow perch and kokanee
fisheries through predation. This potential has resulied in fish and game agencies in
piher western states faking a firm stand for no introductions of walleye info salmonid
walers. For example, the state of idaho cand;ucte@ a study similar to this ons in 1982.



On the basis of this study and other information Idzho has discouraged the

introduction of walleve into salmonid walers.

The purpcse of this document is to attempt to determine what the effects of walleye
introductions into new waters would be on fish populations currently residing in those
waters and to weigh those effects against the potential benefits provided by the

walleye fishery. To accomplish this the document discusses four major topics.

The first topic concerns the habital requirements and preferences of walleye. This
discussion provides background information useful in understanding subseguent
sections. The information contained in this section will be useful to MDFWP in
determining lakes that have potential for walleye iﬁifﬁdactioﬁ.s. it also provides
information on habiiat preference differences between waileve and trout that are
useful in assessing the potential effects of walleye introductions on irout populations

This is followed by a description of the walleye fisheries of the midwestern sections of
the United States and Canada, where walleye are native and the best walleye
fisheries are generally considered 1o occur. The purpose of this section is document
the highest potential of walleye fisheries and the special management considarations

associzted with thase fisheries.

The walleye fisheries that currently exist in Montana are reviewed to give the reader
an idea of the type of fishery that might be expecied 10 develep in Moniana waters
stocked with walleye. It aiso describes the approach taken in Monitana to date toward

stocking coolwater reservoirs in general and walleye specifically.

The fourth major topic considered is interactions belween introduced walleye and

existing fisheries. Examples of interactions between these fish In several reservoirs

AW



and iakes are described.

The document concludes with a description of a general approach that the MDFWP
could use in determining the appropriateness of stocking walleye in any particular
lake. The authors urge caution in making further introductions of walleve, particularly

in salmonid waters, due to the lack of empirical information on walieye-salmonid

interactions.

This report was prepared by independent consultants Dr. Peter Colby and Mr. Chris
Hunter. Dr. Colby is widely regarded as a foremost authority on walleye. Dr, Colby
organized The 1977 Percid international Symposium held at Quetico Centre, Ontaric.
He is senior author of the Food and Agriculture Organization of the United Nations
Synopsis of Biclogical Data on the Walleye. Dr. Colby has published widsly on the
suject of walleye biology.

Mr. Hunter received his Masters degree in zoology/limnology from the University of
Montana in 1874. He has besen employed as an agualic biclogist by OEA Research
since 1981 and has worked on a variety of investigations during that time. The

resumes of Dr. Colby and Mr. Hunter are appended 1o this repoert.

WALLEYE ECOLOGY

The purpose of this section of the report is fo describe the habitat reguirements of
walleye. This information will be useful to MDFWP in determining waters that are best
suited for walleve introductions. The walleve utilizes different habitats at different
stages of its life cycle. In addition, the walleye is a migratory fish and uses different



habitats at various times of the year. In order to manage a walleye fishery effectively, it
is important to understand the habitat requirements of the fish throughout it's life cycle

as well as the seasonal cycla.

The section begins with a general discussion of walleye life history and habitat
requirements. More detailed information regarding reproduction, behavior, forage,
growth, mortality, physical habitat requirements and interactions with other species are

presented in subsequent paragraphs.

Generalized Life History

The age and size of walleye at maturily vary with water temperature and probably food
availability as weli. For example, female waileye mature from 2-3 years of age in
Texas o ©-10 years in the Northwest Terrilorities of Canada (Colby and Nespzy,
1981). Late maturity is usually associated with colder waters and there is a tendency
for late maturing walleyes to have a longer life span than early maturers,  Walleye
older than 20 vears of age are not uncommon in the northern part of their range. The
relationships between food, energy and growth, age to maturity and longevity probably
apply to differences in glevation as it does 1o latitude.

Waileye spawn in the spring, normally shorily after lake ice-off, at water temperatures
ai 44.8-48.2°F (Colby et al., 1979). Spawning has been known to occur over a range
of 42.0-52.0°F. Walleye spawning usually occurs in relatively shallow (less than 3
feet) water in the lake or reservoir or in tributary streams.  Walleve are broadcast
spawners. Preferred spawning subsirate appears 1o consist of gravel and rubble

although they have been observed spawning over a wide range of substraie types.

The fentilized eggs drop into crevices in the gravel/rubble substrate and are protected



from predators as they develop. lLarval walleye begin 1o fged at about the time the
yolk sac is fully absorbed. This occurs at about 0.35 inches iotal length of the fish.
Principai food items at this stage of growth are zooplankion and aguatic insects.

Walleye young-of-the-year begin o develop adult coloration when they reach a length
of about 1.4 inches. The optimum temperature for growth of the juvenile fish is 71-72
degrees F. During early adolescence, walleyes change feeding habits from a
oredominately insect-crustacean diet to one composed aimost entirely of fish. This
food preference is maintained throughout the remainder of the fish's life.

Generzlized Habitat Preferences

The walleve is a large, piscivorous member of the family Percidae that doss best in
large, shallow, moderately turbid mesotrophic lakes and large, deep turbid rivers such
as the Missouri, Mississippi, and St. Lawrence that provide abundant spawning areas
and forage fish. The natural range of the walleye extends from the Mackenzie and
Peace rivers of Canada south to Alabama and from the Dakotas and Texas east to the
Atiantic Coast. The species is not native to Montana and there is no reliable
information regarding the time and place of the first introduction of walleye into

Montana {Brown, 1971},

As adults, walleye are highly migratory fish. With the onset of spring the sexually
mature adults move from their over-wintering areas to their spawning grounds. The
spawning grounds may be located along the rocky shores and shoals of the lake in
which the walleye reside, or they may be found in upsiream mainstem and tributary
rivers. Following spawning the walleye move io their summer feeding grounds. These
are generally located in the shallow, littoral portions of the lakes in which the walleye



reside. As the suface walers of the lake begin {o warm the walleye may move into
deeper, cooler watars for the balance of the summer. During this time they will either
feed on forage fish that have also sought the refuge of cooler waters, or they will move
into the littoral zone during the evening and feed untll dawn. They will then move back

into the deeper waters for the day.

As the lake begins 1o cool with the onset of aulumn, the walleye again move back into
the littoral zone. Feeding continues but begins 1o taper off as the fish's metabolism
slows down in response o cooler water temperatures. There is very little information
regarding the winter habilat selection of adult walleye. It is generally assumed that

thev seek deeper waters for over-winiering.

Walleye are generally most abundant in moderate {o large (greater than 250 acres)
lakes or river systems characierized by coo! temperatures, shallow io moderats
depths, extensive littoral areas, moderate turbidilies (secchi disc depths of 3-10 fset),
extensive areas of clean rocky substrate and mesoirophic conditions. However smalier
lakes may contain natural populations. This is especially true if they form part of 2
large contiguous system. Walleve are also found in oligotrophic, clear water lakes
{usually dominated by salmonids) if they are sufficiently large and deep and have
extensive littoral areas. Similarly, walleye are found In some eutrophic lakes {usuaily
dominated by centrarchids). Kiicheli et al., {1577) suggested that the litieral and
sublittoral habitals occupied by walleye in lakes are the equivalent of extensions of

suitable riverine habitat into the lake environment.

Walleye are tolerant of a wide range of environmental conditions. Walleve tolerate
wide ranges in lemperaiure (0-86°F), dissolved oxygen concentration {down to 2 ppm
in lab experiments), phH {6.0-8.0) and up to 1500 ppm dissolved solids. They wiil also
accept a wide range of turbidity, but they avoid high levels of lliumination. Ryder



{(1977) reviewed much of the literature on abiotic factors controlling temporal and
spatial dimensions of walleye feeding and reproduction. He concluded that light is
principal among these. Kerr and Ryder (1877) also suggest that a critical limiting

factor for walleye populations is light intensity.
Specific Aspecis of Walleye Ecology

Heproduction

The water temperture regime and the gualily and quantity of suitable substrate are
major faciors affecting walleye reproductive success (Colby et al., 1979). Walleye
spawn in spring during periods of rapid warming soon afier ice breakup. Spawning is
usuaily initiated at water temperatures of 44.6-48.2°F but has been observed {0 occur

over a range of 42-52°F.

Preferred spawning habitats are shailow shoreline areas, shoals, rifflas and dam faces
with rock substrate and good water circulation from wave action or currents.  Walleye
do spawn successiully over vegetation. Reporied spawning depths range from as
shallow as 4 inches up to 3.3 feel. Walleye spawn over a variety of bottom types in
streams and iakes although & rubble-gravel substrate is assumed to be best
{McMahon st al., 1984). Johnson (1961) cbserved walleye eggs on several bottom
types in Lake Winnibigoshish, Minnesota, and found survival poorest on the soft mud
detritus bottom, intermediate on fine sand bottom, and best on gravel-rubble bottom.

Walleye are broadcast spawners, the eggs are adhesive for some hours afier
spawning. if deposited on rocky bottoms, they may adhere to the rocks for a short time,
but ullimately drop inio the cracks and crevices where they may be protected from

predators.



The rate of development of the embryo varies directly with the temperature during
incubation. The walleye embryo has the lowest temperature tolerance of all percids.
The embryo can develop in walers having temperatures ranging from 40-686.5°F.
incubation periods ranging from 4 davs at 75.0°F o 33 days st 40°F have been
reporied. The rate of development is also affected by oxygen concenirations. In
laboratory experimenis it has bsen shown that eggs held at a lower oxygen

concentration required longer 1o hatch.

There are other abictic factors which may affect the moriality of walleye eggs. Eggs
spawned in shallow marshes ofien are left stranded above the water level during times

of iow water. The same may De true of aggs laid at slevation in a resarvoir.

Behavior

The preference of walleve for moderalsly turbid waters or waters colored by humic
acids is directly related o their avoidance of high levels of lllumination. Both of these
traits are attributable 1o the structure of the retina of their eye. The walleye reting
contains a large amount of light reflecting pigment which makes them very sensitive 1o
light. Consequently, the walleye is very negatively phototactic. At the same fime,
walleye appear to prefer water depths of 3-50 feet for resting and feeding. In order to
live ai these depths with eyes that are exiremely sensitive to light requires the
mitigating effects of turbidity or color to reduce light intensity.

The walleye's sensitivity 1o light dictates to a large extent its feeding behavior. Periocds
of peak walleye feeding cccur at water transparencies of approximately 3-8 ff. secchi
disk depths. There is a great dacrease in feeding activity atf less than 3 #i. or greater
than 16 fi. secchi disk depths. Walleye will often move into the shallow waters 1o fead
as light falls in the evening. Feeding is usually heaviest at dusk and dawn as light
intensities are most favorable at these times. However, walleve have been observed



o feed thougnout the day in very turbid lakes. This provides further evidence of the

relationship between feading and light intensity.

During the day, adult walleye generally are found under cover in moderately shallow
waters {less than 50 ft.). The walieye seem i¢ prefer a clean, hard substrate where
they will spend the day resting in contact with the bottom. Cover in the form of aguatic
vegetation, boulders, etc. is often utilized. There is conflicting evidence as o whether
the walleye move inshore io feed during the evening or if they remain at the same
depths thai they utilize for resting during the day. Carlander and Cleary {1949)
observed that walleye in Lake of the Woods, Minnesota and Clear Lake, lowa moved
into shallow water at night 1o feed. They suggested this movement was initiated by
diminishing light intensities. In a radio telemetry study of walleye movement in Lake
Bemedji, Minnesota, Holt et al., (1877} found no diel pattern of on-ghore, off-shore
movement. Instead, they found the tes! walleye moved chiefly parallel to the shore at
depths ranging from 5-16 fi.. The behavior of walleye in a particular lake probably
depends upon the situation in that body of water. For instance, if the lake water is
relatively clear, or if water temperatures are high, this could result in the walleye
moving to deeper water during the day. in this case, they would cerfainly move
in-shore with declining light and temperatures in the evening to feed. f, on the other
hand, the temperature and turbidity allowed the fish to stay in the shallow, littoral areas
during the day there wouid be no reason for the fish to move offshore during the day

and inshore 1o feed in the evening.

Forage

Frey species for walleye change with life stage and season. Walleye fry are pelagic
and feed on plankion from the ime shortly after hatching uniil they reach a length in
the range of 0.8-1.3 inches. Al this size, the fry move inshore and begin 1o feed on

aguatic insecis and small fish,



Adult and juvenile walleye are largely piscivorous, feeding on a great variety of prey
fishes. In many lakes inveriebrates form a large part of the diet of walleye in late
spring and early summer. HRilchie and Colby (1988) found that young of the year
walleye were more abundant in even-numbered years. This was relaled to the much
greater emergence of Hexagenia mayilies in even numbered years. The authors
hypothesized that the greater abundance of mayfies in even numbered ysars buffered
the young walleye against predation and cannibalism.

invertebrate food is gradually replaced by a diel consisting mainly of fish later in the
summer. This probably occurs because most of the immalure insect forms have
metamorphosed into adults and young-of-the-yvear prey fish are pelagic and readily
available. Swenson (1877) suggsested that the predominance of nocturnal fesding
and relatively high perceniages of age 0 vellow perch, rainbow smelt and Notropis sp.

in their daily meals, showed thal walleye in several Minnesola lakes utilize pelagic

nrey.

In many lakes in the northern and ceniral regions of walleye distribution,
young-of-the-year yellow perch, when available, seem 1o be the predominant walleye
prey fish. Kelso and Ward {1877) report that behavior differences in these two percids
offer protection {0 juvenile and aduit perch. As discussed above, walisve feed actively
from dusk to dawn. Converssly, oider perch are inactive at night and apparently rest
on the bofttom uniil dawn. Age 0 perch are active at night near the surface and

vulnerable to walleye predation.
in addition to veliow perch other imporiant forage species include emeraid shiners,

trout-perch, nine-spine sticklebacks, suckers, cyprinids, whits perch, alewives, rainbow

smelt, lake herring and centrarchids. Trout have not been reporied in the scientific

10



fiterature as an imporant walleye forage species. it is assumed this is so because

these two species do not usually occur together in large numbers.

Prasently, in the Greal Lakes, specifically western Lake Erie, Saginaw Bay, Lake
Huron, and Green Bay Wisconsin, walleye seem to prefer alewives, rainbow smelt and
shiners to yellow perch. Ryder and Kerr {1978) ranked veliow perch, Coregonus sp.
and ninespine stickleback as the top forage items most frequently occurring in walleye
stomachs from four lakes. Colby et al. {1987) report on the importance of coregonids
in the diet of larger walleye. This is an imporiant point because it demonstrates that
walleve occupy thermal regimes with young coregonids whose thermal preferences

are similar to those of trout.

Parsons (1871) determined that young-of-the-year and yearling walleve in Lake Erie
exhibit a size preferance for forage fishes consumed. Johnson et al (1988) report that
for age O predator longer than 1.9 inches, mean prey length was about 30% of
predaior length. As walleye increase in length, the mean and range in length
preference of forage species Increases. I several forage species are available at
preferred lengths, less than 45% of the walleye length, waileye tend to feed on the
most abundant species. Because yellow perch stay within the preferred forage size
range for a longer period than do other, faster growing forage fishes, they are often the

primary food of walleye.

Arnold (1980} found yellow perch to be the preferred forage species in Utah Lake,
Utah when other forage species of similar size (Utah chub, European carp) were more
numerous. Similarly, Priegel (1962a, 1862¢), in a study on Lake Winnebago, found
emerald shiners to be preferred over the more numerous fresh water drum. These
findings may be related o size preference. Olson (1983) found that the walleye of
Many Point Lake strictly avoided white suckers even though they were numerous in

11



the lake,

Growth
Absolute growth rates of adull walleye vary rather markedly from one body of waler fo

another even among those in proximity. In general, the growth rate of walleye is
fastest in the more southern regions of their range and slower in the more northern
regions. Optimum water temperatures for growth of adults are 68-75 degrees F. Food
availability appears o be the main factor governing the condition of aduits. Condition
factors tend tc be low in areas where forage is scarce and high in areas where forage
is abundant. An inverse relationship between walieys population density and growih

has been documentad by a number of authors.

The effects of forage abundance and population density are usuaily interrelated. Low
walleye density means adequate food for all membaears of the population whereas a
high density usually results in a scarcity of forage. Excellent forage abundance has
been cited as a chief reason for good growth in a number of jakes. This factor not only
influences adult growth, but is sgen 1o directly affect recruitment. Forney (1877} has
observed the production of strong vear classes of walleye in years when growth of

older walleye was rapid.

Walleye populations in the northern reaches of their distribution are usually associated
with substantial populations of northern pike, yellow perch and whnite suckers. They
are often sympatric componenis in a saimonid-dominated community. Walleye must
compete for forage with such piscivorous fish as northern plke, yellow perch, sauger
and smallmouth bass, of which northern pike is probably the most imporiant

competitor.

in Wilson Lake, Minnesota, Johnson (1877) demonstrated that walleye standing crops

3]



of a relatively simple fish community could be increased by as much as one-third by
white sucker removal. White suckers were competing not only with walleye, but with
the important walleye prey species (ysilow perch, minnows and darters) as well.
Approximately 85% of the adult white sucker were removed. During a seven year
post-removal study, vellow perch abundance increased as a result of decreased white
sucker competition. This benefited the adult walleye population in providing a more
abundant and desirable food source. Similar results were obtained when about 90%
of the white suckers were removed from Big Bear Lake, Michigan. {Colby et al., 1987).
These authors suggest that at least B0% of the white suckers need o be removed for

this technigue to be effective.

Mortality

Scott and Crossman (1973) regarded spawning by other species over walleyve eggs
as an important factor in limiting walleye populations. Anthony and Jorgensen (1977)
found that increasing numbers of white sucker in Lake Nipissing, Ontario, which use
some walleye spawning sites after the walleye have spawned, may have interfered
with cevelopment of walleye eggs and thereby adversely affected reproduction of the

population.

Early studies revealed that fishes such as yeliow perch, carp, suckers and minnows
may feed on walleye eggs. A number of fish species feed on walleye fry. These
include yellow perch, white bass, yeliow bass, smallmouth bass, rainbow smelt,
sauger, bultheads, burbot, and probably most significantly northern pike. However,
cannibalism has been found to be a dacisive factor in the determination of walleye
year class strength when larval yellow perch were scarce (Forney 1976). The reader
will recall the hypothesis of Ritchie and Colby (1988) that the even year abundance of
Hexagenia mayilies buffered the young of the year against cannibalism.

13



Walleye fry may have 1o compete with other plankiivorous fishes, such as they do with
fry of freshwater drum for such microcrustaceans as Cyclops and Leptodora. Johnson
(1969) believed thal competition for food, as a facior limiting survival in Lake
Winnibigoshish and Cutloot Sioux Lake, occurs mostly in the first 80 days of life when
the young walleve are feeding mosily on plankion and insects. McMillan indicated
{pers. comm.) that zooplankton abundance was one of the critical factors influencing

the success of a walleye year class in reservoirs of the North Plaite River.

The walleye is a general predator and usually a {op carnivore in the community. Thus

predation is probably not an important source of mortality amoung adults.

Habitat Suitable for Walleye

McMahon et al., (1984) present a habital suilability model that can be used to pradict
the habitat suilability of a given waler body for walleye., Table 1. summarizes the
variables that are included in the model and the values that are selected as

repesenting oplimum walleye habitat for predictive purposes.

Table 1. Habitat variables and their associaled optimum values for walleye habitat
suitability {from the Habitat Suitability index Model of McMahon et al., 1984),

riabi
Transparency 3-10 f. secchi disk depths

relative abundance of High abundance of forage fish
small forage fishes during
spring and summer

Percent of water body Areas with sparse cover are assumed o be less
with cover suitable. Too much vegetation is assumed 1o
: reduce habital suitability by reducing foraging
ability (Swenson, 1977)



Table 1. Habitat variables and their associated optimum values for walleye habitat
suitability {from the Habitat Suitability Index Model of McMahon et al., 1984) continued.

Minimum dissolved oxygen Greater than 4.5 ppm
above thermocling in summaear

Minimum dissoived oxygen Greater than 5.0 ppm
during summer-fall along
shallow shoreline areas (fry)

Minimum dissoived oxygen Greater than 6.0 ppm
in spawning areas during
spring {embryo)

Mean weekly water 84.4-77°F
temperature above thermocline
during summer

Mean waekly water 84.4-73.4°F
temperature in shallow

shoreline areas during

late spring-early summer (fry)

Mean weekly waler 51.8-84 4°F
temperature during spawning
in spring {(embryo)

Spawning habitat index” Greater than 40

Water level during spawning Hising or normal and stable
and embryo development

Trophic status of lake or Mesotrophic
lake section.

*Spawning habitat index is calculated by multiplying the proportion of the water body
composed of riffle or littoral areas greater than 1 fi. and less than 5 #. deep by the
substrate ingex where the substraie index is defined by the following equation = 2(%
gravel-rubble 1-6 in. in diameter} + {% boulders-bedrock) + 0.5(% sand) + 0.5(%
dense vegetation) + 0% silt-datritus).

15



Species Interactions

Species interactions are, 1o a large exient, conirolled by the habilal preferences of the
species of interest. If the species have dissimilar habilal preferences, they will interact
very little. Kitchell et al {1977) present a hypothesis that they feel allows for good
identification of percid habitat in lakes. The hypothesis states that the habitais of Perca
spp. and Stizostedion spo. in lakes are the equivalent of riverine extensions into the
facustrine snvironment. Where the area of habital equivalence is large, as in shallow
lakes, so are the percid populations. Where the arga is small in relation to total lake

area, as in large deep lakes, percids reprasent a lesser component of the iotal system,

Figure 1 broadly summarizes the Kilchell et al (1977) view of percid habitat as it
compares to salmonid and centrarchid habitat preferences. Figure 2 is a graphic
representation of these habilat preferences. The graphic representation requires and
deserves some study. Walleye are limited o the sublittoral during periods of high light
intensity and/or thermal stratification, but are released 1o forage throughout both the
littoral and sublittoral during the diel light cycle, Walleye tend 1o orient ifoward the
benthic portions of the waler column, but the profundal portion of the lake is not their

nreferred habitat.

By contrast, optimal lacustring habitat for salmonids Is characterized by clear, cold
deep lakes that are typically oligotrophic. Salmonids feed on plankion in the open
water areas of the lake. The salmonids require colder water and higher dissolved
oxygen levels than do the walleye. Adult rainbow trout select the warmeast waters
available 1o them up io about 62°F and avoid permanent residence where
temperatures are above 64.4°F (Raleigh et al. 1984). In the McMahon et al., {1984)
model of walleye habilal, 684.4°F is at the low end of suitable summer time
temperatures for walleye. Christie and Regier {1988) report the opilimal temperature
ranges for lake trout {Salvelinus namaycush ) and walleye to be 48-54°F and 61-72°F

respectively. As a resuli, salmonids dominate percids in systems of low productivity
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and low mean temperature conditions. Centrarchids dominate percids in more
productive, warmwater environmenis (Kitchell et al, 1977). Percids should be the

dominant fish in the intermediate coolwater environmenis.

Maclean and Magnuson in their 1977 work on species interactions in percid
communities discuss the importance of temperature in resource partitioning. They
contend that habitat segregation of percids from salmonids and centrarchids on the
basis of temperature is most nearly complete when temperate zone lakes are
thermally stratified in summer. By midsummer thermally stratified lakes have a broad
range of temperatures containing not only those preferred by temperate zone
cooiwater fish such as perch and walleye, but also temperatures preferred by

warmwater fish such as centrarchids and coldwater species like salmonids.

The potential for interaction between salmonids and percids in these lakes occurs
during the early spring and late fall when the lakes become isothermal. During this
time there is no segregation by temperature since the entire lake is the same
temperature. Maclean and Magnuson (1977) maintain that during this period of
interaction between species, salmonids should have the advantage over percids and
centrarchids because at this time of year temperatures are optimum only for

salmonids.

During the winter the salmonids, percids and centrarchids are not expected 1o
segregate by lemperature since all apparently prefer the warmest water available.
However, potential interactions are probably reduced in intensity because metabolic

processes and food demands are low.
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Figure 1.
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The role of temperature in potential species interactions is different in lakes that do not
thermally stratify. In these cases, there is little opportunity 1o segregaie on the basis of
temperature because the temperature range at any given time is narrow. This is aiso
true for many reservoirs with short water retention times. In these situations water is
not in the reservoir for a long enough period of time to stratify. Assuming that
predation and competition are the most intense when the temperature is within the
optimal range of two species, this would occur in spring and fall for waileye and

salmonids in non-stratifying lakes {(Maclean and Magnuson 1877).

Johnson et al., {1977} attempted to relate the morphological characteristics of Ontario
lakes to the fish communities inhabiting them. They observed that walleye did not
occur in many lakes confaining lake trout (Salvelinus namaycush) and pike or lake
trout, with pike and bass even though these lakes were in the same geocgraphic region
in which a large number of walleye and pike community lakes occurred. They
concluded thai the lakes which did not coniain walleye were smaller and of lower
productivity, as evidenced by their morpho-edaphic index (MEl of Ryder 1965}, than
did the lakes containing walleye. The confounding factor in this analysis was that

walleye were found in association with lake trout in large lakes having low productivity.

The authors concluded that larger lakes with low overall ME! can have bays with MEI
comparabie to small, high MEI lakes. These bays could serve as habilat for walleye
within the larger lake ecosystem. Johnson et al ., (1877} found that only 168 of the 839
iakas with lake trout also had walleye. These often seemed 1o be the larger lakes. A
iarge oligotrophic lake is more likely 1o have mesolrophic environments (bays) of

sufficient size to suppon percids than a small oligotrophic lake.
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WALLEYE FISHERIES OF THE UPPER MISSOUR! AND MISSISSIPPI
RIVERS SYSTEMS

The purpose of this section is to describe walleye fisheries found in those portions of
Canada and the United States known for their quality walleye fisheries. A review of
the information regarding catch rates, yields, seasons and seasonality and special
management considerations of these walleye fisheries will provide the MDFWP and
Montana walleye anglers an idea of what they might expect from a high quality

walleye fishery.
Fishing Regqulations

Many states have a year-round open angling season for walleye. Those states and
Canadian provinces that do not have year-round angling usually close the angling

season for 1-3 months in the spring to allow the adult fish to spawn unmolested.

Minimum size limils are often placed on walleye fisheries in an attempt to maximize
yield. These restrictions range from 12 {0 15 inches. A minimum size limit set 1o
maximize the yield from a walleys fishery is based on the assumption that rates of
growth and natural mortality do not change after the length limit is imposed. However,
when some sizes of walleye are protected in the fishery, the changes in population
density can alter rates of growth and natural mortality. If there is a high natural
reproduction combined with a slow growth rate, a high density of undersized fish can
result (Brousseau and Armstrong, 1987).

Schreider (1978) states that the application of size limits can give the manager

flexibility to manage for alternative goals such as recreational values on stock sizes.
For example, Schneider (1978 has predicted that for the average Michigan sports
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fishery, increasing the minimum limit from 13 to 15 inches will have the following
effects: 1) have no significant effect on yield; 2) increase walleye egg production by
20-30 percent; 3) increase tolal number of walleye caught {legal plus sub-legal) and
the biomass of the population by 15-20 percent; and 4) cause a ééﬁ?éiaz“ decrease in the

numbers of legal sized walleyes taken home.

Brousseau and Armstrong (1987) caution that minimum size limils should not be used
as a broad management technique, since the rates of growth and natural moeriality for
walleye may vary considerably from one population 1o ancther. These authors
suggest that minimum size limits be lake-specific and only applied if the walleye
population exhibits the following characteristics:  low reproduction; good growth,

especially of small fish; low natural mortality; and high angling mortality.

Catch limits generaily range betwsen six and ten walleyes per day, bul may be as low
as five (Michigan, lowa) or as high as 15 (Mississippi, Alabamaj}.

Diurnal and Seasonal Changes in Fishing Success

Generally speaking, angling success is greatest at dawn and dusk (Jimmerman, 1966;
Cheshire, 1968; Anderson, 1971} when light conditions for fseding are optimum,.
Walleye are very sensitive to light. They will move into deeper waters during the day
to avoid bright sunshine. Walleye then move back into the littoral zone 1o feed at low
light levels. Feeding takes place all night, but appears to be particularly heavy at

dawn and dusk.

Fishing success is usually greater during the first month of the fishing season in the
spring and then tapers off as the summer progresses (Lux and Smith, 1960; Wasloh,
1961, Leach, 1964; Rice, 1964; Payne, 1964; Zimmerman, 1985; Armslrong, 1967;
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Gregory and Powsell, 1989, Johnson and Johnson, 1971). This same phenomenon
has been observed in several Montana reservoirs. 1t is generally believed that walleye
move into the deeper water as summer progresses to avoid high water tempaeratures

gncountared in the liftoral zone.
Sport Fishing Catch Rates and Yield

Sport fishing catch rates are usually stated as the number or weight of walleye caught
per person or rod hour (where more than one fishing rod is permitied). However, the
data used are often the number of hours fished for all species, not just for walleye. In
such cases, comparisons of catch rates from one lake to another may be biased. The
catch rates reported may appear unreasonably low to an experienced walleye angler.
The reader must understand that these rates are seasonal averages, they include data
from the good spring months as well as the slower summer months, and they are
based on the success of ali anglers interviewed.

Walleye calch rates at Caribou Lake, Minnesota, (based on number of hours fished for
walleye only) over three years ranged from 0.18-0.32 (Micklus, 1959). Catch per unit
effort {C.U.E.) values computed in the same manner for two Ontaric waters were
reported as 0.14 to 0.31 over three summers for the Mississagl River (Payne, 1965)
and 0.33 for Polly Lake {Ryder, 1968).

Savanne Lake, Ontario was a relatively unexploited lake since its closure to the public
in 1969. A walleye calch rate (based on the number of hours fished for all species) for
1977-1982 when the lake was first lightly fished ranged from 0.51 to 1.05 walleye per

man hour {Colby, 1984)

Hiner (1943) stated that a walleye C.U.E. (based on ths number of hours fished for ali
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species) of 0.32 was average for Minnesota lakes. In general, a good fishery exists
when walleyes are caught at a rate of 0.3 walleyes per hour fished for all species

(Coiby et al., 1879).

A vield of 3.0 lbs-acre-year was considered by Olson and Wesloh (1962) to be
characteristic of walleye production in many of Minnesota’s natural walleye walers.
Schneider {1969) citing Grosbner (1860} and Johnson (1964), stated that a good
walleye lake should yield 1.9-4.0 Ibs-ac-yr.

Adams and Oiver (1977), studying long-term commercial yields from 70 northern
Ontario lakes, determined that few of these lakes were capabie of sustaining percid
(essentially walleye) yields greater than 1.34 Ibs-ac-yr. They further stated that a
sustainable percid vield of 0.9-1.1 Ibs-ac-yr, or about one-third of the total yield, is
nrobably a reascnable expectation for many moderately 1o intensively fished lakes in
the region studied. Some lakes will be able to sustain higher or lower yields,

depending upon their yield potentials.
Special Management Considerations

Reservoir Water Retention Time

The residence time of water in a reservoir can have a bearing on walleye populations.
Water remains in a reservoir with a high retention time longer than it does in 2
reservoir with a low retention fime. Data from Ohio {(Johnson et al., 1988) and Kansas
(Willis and Stephen, 1988) indicate thal water relention time is relaied to walleye
harvest. Johnson et al, {1988) hypothesize that this is due 1o large numbers of
walleye, particularly juveniles, being lost downslream from reservoirs with low
retention times. Walleye appear to be very sususceptible to downstream movement
due to reservoir suriace discharges (McMillan, per comm.). Willis and Stephen {1887)
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found that walleye density and stocking success in Kansas reserviors were directly
relatd to refention time and state that walleye stocking is not justified in reservoirs with
reiention times of less than 1 year. Johnson et al., (1988) state that Ohio
impoundments supperiing the best walleye harvesis generally have retention times

greater than about 0.7 vears.

Hatention time is also imporiant because it can affect thermal stratification of a
reservoir. 1 a reservoir does not thermally stratify, this can increase interactions

between coolwaler species (walieye) and coldwater species {trout).

Control of Water Levels

Kiingbie! {1969} noted that in the United States mosi stale agencies attempt 1o
maintain stable or slightly rising water levels in reservoirs during spawning and
incubation. However, siable levels have not proved to be necessary at other times
during the vear. Groen and Schroeder {1978} state that in certain Kansas reservoirs
where water level management consists of a two-part cycle, walleye populations have
actually been improved. Raising the water lavel in spring to improve spawning and
nursery conditions, followed by a mid-summer drawdown for revegetation, improved
the forage bass and water quality for walleyes.

Erickson (1872} observed that onstream impoundments which produced the best
walleye populations were characierized by slow water level fluctuations. The manner
in which water levels are managed can have serious conseguences particularly for
walleye young-oi-the-year which are very susceptible o being lost through the dam

during periods of rapid water drawdown.



Control of predation and competition

Rough fish removal programs have ofien been altempted in hopes of increasing
walleye populations by reducing competition. Two examples of while sucker removal
were provided in the section on Growth {pg. 12). Ricker and Gotishalk (1941) reporied
that following the removal of rough fish from Bass Lake, Indiana, gamefish
populations, inciuding walleye, showed a large increase. In contrast, removal of 34
percent of the aduilt sucker population in Many Point Laks, Minnesota, was not
considered successiul in reducing interspecific competition between sucksr and
walleye., Similarly, 12 years of intensive fresh water drum removal on Lake
Winnebago, Wisconsin, resulied in only a small increase in walleye numbers (Priegel,
1971). In these later two examples, less than 80% of the rough fish popuiation was
ramoved. The Michigan Deapartment of Naitural Resources rule of thumb is that at least
80% of a while sucker population must be removed 1o be effective. This rule may hold

true for other rough fish species as well.

Stocking

Continucus planting of walleye in lakes In which no natural reproduction occurs, has
provided good angling relurns in a number of lakes {Groebner, 1860; Schneider,
1869). More commonly, walleye fry and fingerling plantings are made {0 supplement
naturally reproducing populations with hopes of improving the sport fishery. For most
izkes which contain good reproducing populations and into which walleye have been
planted, no correlation could be found between plantings and year class abundance.
However, some lakes with naturally reproducing populations have shown a positive
correlation between stocking and year class abundance (Colby et al., 1979). There is
avidence (Schneider, 1969) that some lakes with naturally reproducing populations
can be measurably improved, but only at high stocking densities.

Stocking of wallsyes smalier than 3 inches in waters where established populations
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exist has generaily met with little success (Klingbiel, 1989). An important factor
influencing the success of fingerling stocking is the size relationship between stocked
fingertings and other fish present in the lake (Johnson, 1871). Not only will stocked
fingerlings often compete with native fry, but if they are stocked af a size 1oo small to
utilize forage fishes, they may have lo compete with a variety of species for
inveriebrates upon which they would be forced 1o feed. Fry may also become forage

for aduit walleye and other predators.

introductions

Walleye introductions into natural lakes have established some reproducing
populations, while infroductions into reservoirs have met with varied success. For
example, of 87 Onhio reservoirs stocked with walleyes, only 23 developed reproducing
populations (Colby et al,, 1879}, Introductions into three reservoirs (Angostura, Belle
Fourche, and Shadehill} in South Dakota have been very successful. The success of
these introductions is attributed to the favorable light regime (due to high turbidity) and
temperature regimes (Colby et al., 1979).

introductions of walleyes into lakes with stunted panfish or perch populations in hopes
of increasing the growth rate by augmenting predator pressure have met with limited
success. When eleven Wisconsin lakes containing stunted panfish populations were
stocked with walleye fingerlings, in only one lake was there significant survival of the
stocked fish (Kiingbiei, 1968).

Laarman (1978} conducted z study of the success of stocking walleye in 125 bodies of
water in the upper Midwest. The author concluded that the success or failure of
walleye stocking appeared to depend more on the environmental and biological
condition of individual bodies of water than on the number and size of walleye that

ware stocked.
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STATUS OF WALLEYE IN MONTANA

This portion of the document is based largely upon information found in the Montana
Depariment of Fish, Wildlife and Parks annual reports. The data presented in these
annual reports is summarized here. The information is arranged by drainage basin
beginning with the Missouri River at the Montana-North Dakota border and moving

upstream. The Yellowstone River drainage information is presented in like manner.

Lower Missouri River

The MDFWP conducted intensive studies of game fish in the Lower Missourl River
(North Dakota border io Fort Peck dam) from 1879 through 1983, Walleye were
commonly found within this reach of river | although not nearly as abundant as sauger.
The average catch rate for walleyve per hour of electrofishing was .36 fish/hour. The
catch rate for sauger was 13.1 fish/hour. Similarly the catch rate for walleye using
experimental gill nets in 1979 and 1980 was .3 fish/overnight set versus a catch rate of

1.45 fish/overnight set for sauger.

Tagging studies revealed that walleye are very mobile within this reach of river.
Movement of walleve belween Garrison Reservoir, and the upstream portion of this
reach of river was commoen.  An important spawning area is iocated in the vicinity of
Fort Peck dam. Walleye migrate from Lake Sakakawea as well as the lower reach of
the river, to the upper reach o spawn. One walleye travelled 350 miles over an 825

day period.

In a 1976 survey, walleve were found 1o be the dominant game fish in the Poplar River,

Population sstimates of walleye (excluding young of the yvear ), conducted using mark
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and recaplure techniques, yielded values of 178/mile in the East Fork and 297/mile in

the main river downstream of the confluence of the East and West Forks.

The MDFWP conducted an evaluation of the fishery in the Fort Peck tailwater and
dredge cut area immediately downstream of Fort Peck Dam during the early and mid
1980's. Walleye and sauger are the preferred game fish in this area. The walleye
population is dependent upon the migration upstream from Garrison Reservoir,
although a limited amount of spawning does occur within the study area and adult fish

are caught throughout the year.

A comparison of the seasonal catch of walleye and sauger in the dredge cut area was
made based upon experimental gill nets set during 1983 and 1984. The catch per net
for walleye was 1.1, 0.8 and 0.4 during spring, summer and fall respactively. The
catch per net for sauger was 1.5, 1.3 and 3.35 for these same sampling periods.
Frazer (1988) continued his work during the 1985 field season and found similar catch

rates for walleye.

Fort Peck Reserveir

Walleye have been stocked in Fort Peck Reservoir since 1951, The first stocking
consisted of 878,000 fry. No additional stocking took place until 1977. By the early
1970's, an excellent walleye fishery had developed in the Big Dry Arm of the reservoir.
The annual stocking which was initiated in 1977 was underiaken to maintain and
expand the fishery. The fishery managers felt that natural reproduction was too erratic

and insufficient to maintain a guality fishery.

Various combinations of walleye fry and fingerlings have been stocked in Fort Peck
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Heservoir since 1877, An effort is currently underway 10 evaluate fry versus fingerling
plants by stocking varicus areas on alternate years. Fingeriing plants have produced
petter resulis 1o date, however, a fry plant at Bear-Duck Creek in 1982 produced good
results. Walleye stocking consisted of 5.2 million fry and 15,073 fingeriings in 1988,
12 million fry with 30 thousand fingerlings in 1987 and 25 million fry with 25 thousand
fingerlings in 1588,

in an attempt o provide aﬁdiiisﬁai forage fish for walleye, northem pike, lake trout and
the chincok that were planted from 1883-1986, cisco (Coregonus artedii ), were first
introduced into Fort Peck in 1984 (Hadley, 1982). Stocking of cisco fry and fingerlings
occurred in 1984, 1985 and 1986. Abundance of cisco captured in floating
commercial goldeye nets indicated good survival of the 1984 and 1985 plants. A
naturally reproducing popuiation has obviated the need for further plants.

Length and weight data collected in 1985 and 1986 revealed exceptional growth for
cisco. Condition factors of 1985 and 1986 age 1 cisco were in the 40's. However the
naturally reproducing population has apparently reached a maximum density and
condition factors have fallen significantly. 1988 age | cisco had condition factors in the
27-28 range. Both lake trout and walleye are utilizing this forage fish . The average
weight of lake trout has gone from 3 pounds in 1985 to 7 pounds in 1988 (Wisdenhef,

pers. comimn.j.

Table 2. provides a summary of the walleye caich by spring trap netting in the upper
Big Dry Arm of Fort Peck Reservolr, 1974-1986. It would appear from this iable that the
decling in catch rate coincided with the initiation of plants of fry and fingerlings. This
may be simply a coincidence. The upswing in calch rate appears 1o coincide with the

introcduction of cisco.
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Table 2. Summary of the walleye catch by spring trap netting in the upper Big Dry Arm
of Fort Peck Reservoir, 1974-1986.

Year Trap Days No. Walleye trapped Walleye/Trap-day
1974 71 1243 17.4
1675 g7 1114 11.5
1978 100 2108 21.1
1977 323 1727 5.3
1978 81 1896 23.4
1975 63 326 5.2
1980 g7 535 5.5
1981 140 371 2.7
1982 89 655 7.4
1983 106 725 6.8
19864 26 579 6.0
1985 a7 1202 12.4
1986 102 1448 14,2

Figure 3 lllustrates the changes in the size of walleye taken by spring trap netting in
the upper Big Dry Arm. This figure shows a decrease in the size of walleve taken that
seems 1o coincide with the introduction of walleye fry and fingerlings. The rebound in
sizes seems 1o coincide with the introduction of cisco for forage.
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Figure 3. Changes in the size of walleye taken by spring trap netling in the uppser Big
Dry Arm of Fort Peck Reservoir, 1874-1984. From MDFWP, F-11-R-34.
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Meison Reservoir

Nelson Reservoir is a 4500 acre reservoir located in the Milk River drainage. The
reservoir is an off-stream storage site for irrigation water. Conseguently, water levels
nave fluciuated greatly over the last ten years. While observations indicated that the
best spawning habitat is not available during dry years, this does not appear to have a
definite effect on walleye reproduction. Despite very low water levels in the spring of

1978, walleye reproduction was very good.

As the result of a creel census undertaken during 1884, there is excellent mangement
information for this reservolr. Table 3 summarizes the results of the 1984 creel census.
The data collected indicate that the overall calch rate of walleye per hour was .27
This compares favorably with the better walleye lakes found in the the Upper Midwest.
The creel census data also indicates that the walleye fishery in Neison is seascnal.
Fishing is slow in May, picks up in June and July but tails off after that for the rest of the
summer and early fall.

Table 3. Resulls of 1984 Nelson Reservoir cresl census.

Period Total Anglers Total Hours Catch Rate (fish/hr)
May 548 2157 14
June 922 5384 31
July 947 4952 .36
August 294 974 15
September 237 1143 21

2946 14810 27

The creel census was undertaken, in pari, fo determine if the walleye fishery was
subject to over-harvest. Fishermen harvested 27% of the adult walleve popuiation
(age Ul and older). Schneider (1978) considered 21% to be the typical annual

33



exploitation rate for present day walleye fisheries in Michigan. MDFWP concluded that
while the creel census provided valuable information, more data is needed to

adequately addrass the issue of over harvest.
Wilog and Scenic Missourl

Most of the walleye found in the Wild and Scenic reach of the Missouri River are
probably seasonal migrants from Fort Peck Reservoir. Walleye are distributed
throughout this reach of river, but they are not very abundant. Electrofishing surveys

yield calch rates of only 0.3 or fewer fish/slectrofishing hour.

Limited information on movement of walleye is provided by recapture studies of
tagged fish. One walleye tagged near Carter Ferry on May 11, 1978 was recaptured
by an angler 10 days later in Fort Peck. Walleve migrate the 188 miles from Fort Pack
to within 3 miles of Morony Dam to spawn. Belt and Highwood Creeks appsar to ée
important spawning areas. These walleye are relatively early spawners compared to
other populations. Spawning begins in April and has peaked by late April in most

years.
Petrolia Reservoir

Petrolia Heservoir is a 515 acre irrigation reservolr. This reservoir is subject to large
annual fluctuations in water level. MDFWP annual reporis from 1870-1975 indicate
that the walieye pcopulation had stabilized at a low level. It was concluded that the
fack of forage fish was limiting the population. Yeliow perch were introduced in 1975
in an attempt t¢ establish a perch fishery and provide forage for walleye and burbot

which were planted in 1973
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Giil net surveys conducted in fali of 1877, and spring, 1978 revealed the walleye
oopulation had an unhealihy age structure. The nearly equal ratic of young fish 1o old
fish suggested thai survival of young fish was low. By 1980 it appeared thal the yellow
perch introduction was successful. There were signs that the perch had established a
naturally reproducing population and each year more young of the year and adult fish

were being captured.

in the fali of 1980 the reservoir was drained 1o dead siorage capacity. Gill net surveys
in the spring of 1981 confirmed that most of the rough fish population along with the
walleye population had been flushed from the lake into the stream below. Rainbow
were planted later in 1881, Northern pike were introduced in 1983,

In 1984, heavy irrigation withdrawal again drew the reservoir very low. Gill netting in
the spring of 1985 showed that all fish sampled were in exiremely poor condition.
Walleve and northern pike were planted in the spring of 1985, By late summer the
reservoir had again been drained to dead storage. In all likelihood, any fish in the

reservoir were again flushed out during the draining of the reservoir.
Fresno Reservolr

Fresno Reservoir is an irrigation reservoir located on the Milk River near Havre.
According to a 1975 MDFWP annual report, Fresno was historically known for its
production of large rainbow trout. However, stocking of rainbow was discontinued in
1952 since a flourishing population of northern pike had developed. Walleys
iniroductions werg made from 1957-1967 resulting in a good population of this

species.

Apparently, water level fluctuations were responsible for a decline in the northern pike
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population and rainbow irout stocking was experimentally reinstated in 1973-1974.
No rainbow were taken in gill nets in August, 1974, This netling event also y?eideé
the poorest catch on record of northern pike. The low numbers of northerns was
attributed to the 34 fi. drawdown the reservoir experienced in 1873, This drawdown
reduced the reservoir volume by 82% and the surface area by 72%. Interestingly, the
gill net caich for walleye remained good compared 10 pravious years, indicating that

the intense drawdown did not permanently harm this population.

A proposal to install low head hydroeleciric generators at Fresno Reservoir initiated a
study to determine movement of waileye and northern pike through the outlet of the
dam. In 1880, larval fish sampling revealed a substantial number of walleye fry
passing out of the reservoir. The passage of large numbers of adult fish had been
suspected in years of exiensive drawdown. The adult fish enhance the tailwater

fishery downstream of the dam.

1984 was an exiremely low water vear at Frasno, as it was at many of the irrigation
reservoirs. Despite low water levels, walleye produced large numbers of young of the

year fish. This phenomenon was nolted in earlier years as well

In June, 1985, 10,000 spottail shiners were planted in the reservoir in an attempt to
increase the forage base for the walleye and northern pike populations. This plant
was successiul and, together with vellow perch and emerald shiners, they appear {0

be providing sufficient forage for walleye and northern pike.

The 1987 gill net take of walleye was good and averzage size was larger than had
peen found in previcus netting. This work indicated that the population is ‘top heavy'
with 68% of the fish capiured Age IV and cider. The 1988 walleye vear class was well
represented in 1887 gill netting. This was a surprise, becauss walleye
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young-of-the-year (YOY) were not abundant in 1988 beach seining. There appears to
be little correlation between the number of YOY walleye capiured by summer beach
seining and adult walleye year class strength. Either the beach seining has not been
effective at estimating YOY vear class strength or recruitment to the adult walleye
population may be limited by factors other than reproductive success and first summer
survival of juvenile walleye. Successiul recrultment of juvenile walleye to the adult
population may be related to low winter water levels.

Due 1o the negative effects of the wide water level fluctuations in Fresno Resevoir, a
walleye stocking contingency plan has been developed. This will aliow quick
response stocking in the spring of those years when natural walleye reproduction is
inadequate, when significant numbers of juvenile fish are swept from the reservoir with
extreme drawdowns or when good walleye preduction in severely affected by extreme

reservoir drawdowns.

Tiber Reservoirr

Tiber Heservolr Is a 22,180 acre reservoir on the Marias River. The closure date of the
reservoir was October, 1955, In 1871, when walleye were introduced, yellow perch
was the most abundant fish in the reservoir. The majority of the walleye introduced
were stocked in Willow Creek Arm which contains more littoral zone than the rest of
the reservoir. This area aiso has the best potential for walleye spawning sites in the

form of gravel and rubble.

From 1971-1874, 5.1 million walleye fry were planted in Tiber Beserveoir. Natural
reproduction was expected o occur in 1875.  Subsequent sampling showed that the
1875 year class was somewhat weak, but natural reproduction vielded strong year
classaes in 1976 and 1977.
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The principal forage fish for all of the piscivorous game fish (walleye, northern pike
and burbet) in Tiber Reserveir is yellow perch. White sucker and spottail shiners
{(introduced in 1985} are the secondary forage fish species. The 1978 MDFWP annua
report indicated that populations of these forage fish species had fluctuated over time
but have shown a definite decreasing trend. This trend coincides with the increased

pike and walleye populations during the same time period (Table 4).

Table 4. Percent of total catch in fall gill net surveys represented by veliow perch,
sucker, walleve, northern pike and rainbow for the vears 1960-1878.

Year Yellow Perch Sucker Northern Pike  Wallsye Fainbow
1960 - 71.0 - - 29.0
1981 - 85.0 - - 15.0
1968 58.0 39.0 - - 1.0
1971 78.2 16.3 - - 2.4
1972 65,7 32.9 - - --
1873 17.7 64.8 0.5 8.8 4.6
1874 115 42.4 1.9 40.5 2.3
1875 17.8 31.4 22.9 20.4 4.8
1876 9.7 19.8 17.2 52.3 0.3
1877 8.1 16.2 7.0 66.9 4.3
1978 4.2 26.6 8.7 58.0 1.9

Preliminary observations made In 1978 aiso indicated that growth rates of pike and
walleye were slower than in previous years, presumably related to the dsecreasing
food supply. Scale analysis of age group I+ and ll+ walleve from 1978 vyielded
average calculated lengths of 4.6 and 9.6 inches respectively. Corresponding lengths
for these age classes for the years 1973,1974 and 1875 were 8.0, 12.2; 8.5, 12.4; and
6.4, 12.3 inches, respectively. Given this information the MDFWP began 10 consider

stocking additiona!l forage fish in Tiber Reservoir.

The 1980 gill netting surveys again showed slower growth rates during the first two
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years of life than had been the norm prior to 1979. These surveys also yielded fewer
walleye than in previous years. This was atiributed to the population making the

change from annual stocking 1o natural reproduction.

The 1880 annual report also noted that June and July account for the majority of
tagged fish caught by fishermen. Pike were taken throughout the year, but walleye
appeared 1o be much harder to catch thoughout the late fall, winter, and early spring.

The 1982 annual report indicated that numbers of walleye and northern pike
conlinued 10 be considerably lowsr compared fo previous years. This was, again,
attributed to the lack of forage fish. The report goes on to state that the Buresu of
Reclamation, which operates the reservoir, planned to keep water levels higher in
1982 and 1983. It was hoped that higher water levels during the critical spawning
period would increase yellow perch popuations as well as primary food organisms. It
was believed that the overall condition of the reservoir fishery would improve with

increased food production.

The water level has been operated in this fashion since 1983, The result has been
increased yellow perch populations which have helped to support the walleye and
northern pike populations. The MDFWP has developed operating guidelines for Tiber
Reservoir that wili allow for ample reproduction of both gamefish and forage fish

species.

Tiber Reservoir typifies some of the problems associated with maintaining walleye
populations in irigation reservoirs in Montana. It is difficult to maintain adequate
forage for these effecient predators with native forage species. This leads to the
decision to introduce exotic species in order to maintain the fishery. A second, and
related problem, is maintaining water levels conducive 1o both the game fish and the
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forage species [(Wipperman, pers comm.)

Morony Heservoir

Morony reservolr is the most downstream of a series of 5 reservoirs on the mainstem of
the Missouri at Great Falls. The reservoir covers about 327 acres, has a2 maximum
depih of 55 feet and contains about 7,000 acre feet of water. This reservoir is a run of
the river facility. As such, water exchange is quite rapid, generally occurring several

times per day. This situation is very conducive io flushing fish downstream.

Despite its physical characteristics, walleye fry and fingerlings were planted in the
reservoir from 1985 through 1887 in an attempt {0 establish a walleys fishery. In May,
1987 two experimental gill nets and two trap nets were fished in the reservoir o
inventory the fish population. No walleye were taken. Another planting of fingerling

walleye was planned for late summaer, 1987,

L.ake Francgis

Lake Francis is a 5536 acre imigation storage reservoir having a maximum depth of 48
feet. Species found in the reservoir include northern pike, yeliow perch, rainbow trout,
walleye, kokanee, white sucker, longnose sucker and burbot. Walleye fry were first
planted in the reservoir in 18638, They first began to appear in the annual gill netting
surveys in 1975, Walleye collecied in the nets ranged in size from 12.8-19.2 inches.

The 1980 MDFWF annual report states that walleye have been planted periodically
since 19639 with little to fair survival and little or no reproduction. In 1978, 200,000
walleye fingerlings were planted. In 1977, 1.6 million fry were planted. At that time the
Department was hopeful that a self-sustaining population could be establishad.
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The 1882 annual report indicates that walleye were reproducing successfully and
providing a significant fishery, particularly during the summer months. Concern was
expressed that forage fish (yeliow perch} might be limited and result in poor growth

rates of walleye in future vears,

The walleye population reached its highest numbers during 1982-1984. Harvest by
fishermen was good in 1983 and exceptional in 1984. However, the 1985 gill net

surveys revealed below average growth for northern pike and walleye.

A review of the data on tag returns by fishermen indicated that over 76% of the tagged
walleye iaken by fishermen were caught in June and July.

Holter Reservoir

Walleye were never stocked in Holter Reservoir. The walleye found in Holter are most
likely the progeny of walleye planied in Lake Helena in 1851, The plant did not take in
Lake Helena and it is believed that some of the stocked fish were flushed out of Lake
Helena into Holter via Hauser Reserveir. Limited gill netting data collected prior to
1986 revealed a low densily, stable population of walleye in Holier Reservoir since
1969, Detailed investigations into the fisheries of Holter Heservoir, as well as the other
mid-Missouri River reservoirs were conducted during the 1986 and 1987 field
seasons. In addition to collecting fish population information, ternperature profiles and
euphotic zone depth data were obtained.

Holter Reservoir did not thermally stratify during 1986 although a very weak
stratification was observed during the 1987 ficld season. The thermociine in Holter,
although not always readily evideni, ranged from 60-70 feet below the surface.



Thermal stratification of Holter and the other mid-Missouri reservoirs is probably an
unusual ocourrence. It could be attributed to the very low water year during 1987 and

rasuliant ionger than usual waler residence times in these run of the river reservoirs.

The euphotic zone, the depth of which roughly approximaies the littoral zone,
averaged 6.7 feet near the dam and 8.8 feel upstream in 1986. During the 1987
season the suphotic zone depths averaged 8.4 and 13.1 feet near the dam and at the

upstream station respectively.

Fish population investigations were carried out utilizing floating and sinking horizontal
gill nets as well as vertical nets. The fish community composition data from the giil

netting is provided in table 5.

Table 5. Fish community composition of Holter Reservoir. Data is from floating and

sinking gill nets fished during spring and fall of 1986 and 1987.

Sinking Gill Neis

1968 1987 1986 1987
Hainbow Trout 47.9% 61.8% 4.5% 1.6%
Brown Trout 0.4 1.9 0.2 0.6
Kokanee 2.5 3.7 0.4 0.1
Mt. Whitefish 2.8 0.8 1.1 1.8
Yeliow Perch 0.0 10.0 227 453
Walleye 7.0 4.0 2.8 2.2
Longnose Sucker 24.3 8.5 24.8 18.6
White Sucker 14.4 85 43.9 29.7
Carp 0.7 0.8 0.0 0.1

ft is apparent that the fish community popuiation is dominated by rainbow trout, yellow
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perch and suckers. Walleye and kokanee are also important components of the

community.

Stomach analysis of netted fish revealed that the walleye diet consists largely of fish
(99% by volume). Fish species eaten by walleye, in decreasing order of importance,

were yeliow perch, rainbow trout and mountain whitefish.

in addition to the fish population data coliected, an exiensive creel census was
conducted. Tables 6 and 7 report the species targeied by fishermen and per cent
compeosition of the sport catch during 1986 and 1987 respectively for all three of the

mid-Missouri Heservoirs,

Table 8. Species targeted by anglers fishing the mid-Missouri Reservoir Complex
during 1988 and 1987.

Canvon Ferry Hauser Holter

ig8e 1887 1986 1987 1986 1987
Trout 82.0% 81.0% 75.0% 36.0% 85.0% 52.0%
“okanes 1.0 15.0 1.0
Yallow Parch 13.0 15.0 3.0 5.0 5.0 12.0
Walleye o 5.0
Any Fish 3.0 17.0 7.0 31.0 50 240

Trout is clearly the species fargeted by most anglers fishing the mid-Missouri reservoir
complex. Yellow perch ranks second in Holter and Canyon Ferry while kokanee rate
second in Hauser. Walleye are ranked third in Holter, the only one of the reservoirs

containing significant numbers of walleye.
It appears from the data in the Any Fish category that either the fishermen became less

fussy or there was a change in the way the census was administered beiween the two
years. The percentage decrease in trout fishermen mirrors the per cent increase in
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people seeking Any Fish.

Table 7. Per cent composition of the angler caich from the mid-Missouri Beservoir
Complex during 1986 and 1887.

Canvon Ferry Hauser Holier

1988 1987 1986 1987 1986 1987
Hainbow Trout 42.6 22.9 52.9 48.8 87.5 46.3
Brown Trout 2.0 0.4 0.9 0.3 0.3 g1
Kokaneeg 0.0 0.0 19.8 26.6 1.0 1.8
Yeilow Perch 55.4 76.7 26.2 24.2 30.8 49.6
Walleye 0.0 0.0 0.0 0.0 .4 2z

This table teils the same siory as Table 6. Trout and yellow perch are the most
important sport fish in Hoiter. Walleye was caught slighily more often in Holier than

are kokanee in 1887,

Table 8 raporis the average (Aprii-Ocicber) catch rates for rainbow and brown trout,
Kokanee, walleye and yellow perch from the mid-Missouri reserviors during 1986 and
1987. Hainbow trout and yeliow perch had similar, high catch rates in 1987, followed
by a walleye caich rate of 0.27. The walleys catch rate is similar to rates reporied for
good walleye fisheries from other parts of the country.

Table 8. The average (Apri-October) catch rates for rainbow and brown trout,

kokanee, walleye and vellow perch, 1986 and 1887,

Canvon Ferry Hauser Holter

1988 1987 1986 987 1988 1987
Rainbow Trout 0.28 0.28 0.26 0.26 0.34 0.37
Brown Trout 0.01 0.01 G.01 0.01 0.01 0.01
Kokanse 0.0 0.0 0.1 0.1 0.01 0.01
Yellow Perch 0.37 0.37 0.13 0.12 G116 0.39
Walleye 0.0 0.0 0.0 0.0 NR 0.27

NR-Not Reported
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i nwer Yeliowsione

MDFWP personnel conducted gill net electrofishing surveys at five locations along the
lower Yellowstone during the fall of 1873 and the spring of 1974 (Haddix and Estes,
1878). Large concentrations of walleye were found to occur in the lower Yellowstone
below Intake on a seasonal basis. The walleye were present in the spring, but not the
fall. It was hypothesized that these fish resided in Garrison Reservoir and used the
lower Yellowstone for spawning. Work conducted by Graham eé al., (1979) again
showed that walleye residing in Garrison Reservoir, on the Missouri River below the
confiuence of the Yellowstone and Missouri Rivers, migrate as far upstream as the

intake diversion for spawning.
Bighorn Heservolr

Creel census daia have been collected at Bighorn Heservoir for twenty years, from
1967-1986. Table 9 presents the resulis of these efforts. The average caich of
walleye/hour over this period was 0.20. The reader will recall that Nelson Reservoir
and Holter Heservoir had a catch rate of .27 walleye per hour. A catch rate of .30

walleye/hour is generally considered good for the belter midwestern walleye lakes.

Catch rates for walleye during the 8 month period {April-September) of the 1983
census were very similar 1o those during the 1982 census. Caich rates were low {14)
in April, May and July. Catch rates during June, August and September were .22,.20

and .34 respectively.
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Table 8. Resuils of creel census suveys condicted on Bighorn Reservoir {(Montana

portion) 1967-1984.

Year Cishermen Surveyed Hours Fished

1667 38 86 13 20
1068 209 654 115 18
1869 119 248 65 28
1970 156 527 83 12
1971 114 480 38 08
1972 283 1162 126 A1
1973 518 2155 171 .08
1974 817 3841 514 14
1875 827 4355 918 21
1978 1358 7277 1753 24
1977 992 4319 554 .13
1978 442 1884 798 A2
1979 341 1665 372 22
1980 206 534 150 18
1981 89 238 100 A2
1982 539 2958 488 17
1983 760 4359 887 18
1984 828 3628 942 28
1085 682 3754 866 23
1986 668 3248 525 18
1987 801 3358 358 11
1388 454 1284 339 .26

Mean 20

The conients of 28 walleye stomachs collected from May-September of 1984 were
examined o determine walleye food habits. Overall, yveliow perch ranked as the most
imporiant food tem followed closely by carp and green sunfish. Together these three

species comprised over 87% of the volume of identifiable fish remains found in the
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astnmachs.

Growth of walleye was compared 10 other walers near the same latitude including Lac
L.a Ronge, Saskalchewan, and Red Lakes, Minnesota. Bighorn Reservoir walleye
grew faster than walleye from these northern lakes, but more slowly than walleye in
more southern lakes such as Clear Lake, lowa, and Lake Francis Case, South Dakota.
Growth rates for Bighorn Reservoir walleye are very similar to those for walleye from
Nelson Reservoir. Based upon this information it appears that forage is not the
problem in Bighorn Heservoir that it is in Tiber Reservoir,

Cooney Heservolr, Montana

Cooney Reservoir is an irrigation reservoir located in south ceniral Montana. lis
proximity to Billings makes it an altractive recreational fishery. The reservoir is stocked
heavily with rainbow trout on a put-grow-and-take basis. The pianted rainbow are

generally in the 4-8 inch size class.

in the early 1980's the MDFWP observed that as the sucker population in the reservoir
increased, the growth rate of rainbow trout was declining. | was decided to siock

walleye sac fry in hopes that the walleye would utilize the sucker as forage.

Siocking was undertaken in 1284. The walleye grew tremendously the first year as
they preyed upon the abundant forge base. Gill netting surveys conducted in 1988
yielded large numbers of both walleye and trout. Adult sucker were aiso taken, but
very few smaller sucker were collected. It would appear that the walleye have very
gifactively raduced the populatlion of the younger sucker.

Walleye growth rates have been variable since the first year. While some walleve from
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this stocking are now in the 5 pound class, others are only 11 inches in length. Itis not

clear why there is such variation in the growih rates.

There are a number of guestions surrounding this introduction.  There is no evidence
that the trout fishery has sufiered. To dale there is no evidnece to indicale that a
signifiant walleye fishery has developed. It is also unciear if the walleye are spawning

successfully in the resservoir or the inflowing streams.

The introduction of walleys inio Cooney can provide important insights into the pros
and cons of utilizing this management approach in reservoirs supporting trout
fisheries. To date there are more questions than answers regarding this introduction.
It is important for MDFWP to closely monitor the population dynamics of the trout,

walleye, sucker and chub in this reservoir.

CASE HISTORIES

The information presented in the Walleye Ecology section of this paper, indicates
significant differences in the habital preferences of salmonids, percids {including
walleye} and centrarchids. Based upon this information, it appears that when walleye
inhabit the same lakes as saimonids or centrarchids, they should be found in different
parts of the laxe than these other fish. The division of the habitat would be largely on a
the basis of temperature, light and food preferences. This would iead one 1o believe
that it is possible for walleve and these other fish to co-exist and thrive in the sams

lake although competition for food might limit both populations.

There are several reasons why the ecological model of resource partitioning by these

families of fish may not describe the actual situation in any given lake or reservoir. The
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habitat peferences of walleye and trout as described above pertain to the adult forms
of these fish. It is the trout fry and fingerlings that are most susceptible to predation by
walleye. Therefore, it is the habitat preferences and behavior of trout fry and
fingerlings that will determine the important interactions between trout and walleye.

When reading the descriptions of the habitat preferences of the different fish species,
they seem 1o be quite narrowly defined. In fact, all species of fish that are successiyl
are able 10 survive over a wide range of conditions. Different strains of the same
species can have significantly different habitat preferences as well. In addition, the
amount of information upon which these habitat preferences are based is quite small.
The important point is that with regard to the habitat preferences described in the
previous seclion, percids and salmonids are more plastic in their ecological

requirements than they would appear on paper.

Assuming the habitat preferences were very accurately described for the life stage of
interest, there is an additional confounding factor to habitat segregation. The lakes in
question may not provide clearly distinguishable habitats. For example, many
reservoirs have short water retention times. Because the water is in the lake for only a
short period, there is not enough time to develop the thermal stratification necessary
for trout and walleye to segregate on the basis of water temperature {Willis and
Stephen, 1987).

Case histories of walleye-salmonid and walleye-centrarchid interactions were sought
in an attempt to document actual experiences rather than relying on the ecological
model of resource partitioning presented earlier. Examples of situations where
walieye have been introduced into salmonid or centrarchid waters, or vice versa, are
not particularly widespread or well studied. One reason for the lack of case histories
is that management agencies have been loathe 1o introduce a major predaior
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{walleye) into good trout fishing waters. Given the high recreation values generally
attributed 1o productive salmonid fisheries, management agencies in the west have
decided not to even take the chance of upsetting these fisheries through the

introduction of waileve.

Three well-documented examples of wallaeyve-salmonid interactions were located
during research for this paper as were several examples of walleye being introduced
into historically centrarchid dominated lakes. One of the latier is included becauss it

demaonstrates the differences between theory and actual practice.

Seminoe Reservolr, Wyoming

The best documented introduction of walleve into a productive reservoir trout fishery
comes from the North Plaite River of Wyoming. The lower North Platte Hiver system in
Wyoming consists of several reserveirs and 271 miles of river. High quality fishing,
particularly for rainbow troul was found throughout most of the system. In the early
1960's, large walieve populalions developed in the upstream reservoirs (Seminoe
and Pathfinder) with detrimental effects on the traditional trout fishery. it is not clear
how walleye got into the reservoir system. They were nol planted by the Wyoming
Game and Fish Depariment (WGFD). They may have been planted illegally or
accessed into the system from Colorado. In an case, they eventually exiended their

range throughout the entire system.

A study was underiaken by the WGFD directed toward developing a management
approach for the system that would mainiain fishable trout populations in the face of
the expanding walleye populations. The introduction 1o the completion report for the
study (McMillan, 1984} states that "lilerature applicable to the managment of a

salmonid fishery in the face of a wall-developed population of walleye or similar



precatory species is directed toward the development of 3 "two-story” fishery, using
warm waler species in the upper, warm water strata of impoundments in combination
with cool or cold water species in the lower strata In fact, it has been demonstrates

that while temperature preferences of walleye and trout differ, their temperature

=235 overlap Hokanson (1977). An important aspect of the Seminoce Reservoir

story is that the reservoirs of the North Platte system do not stratity sufficiently 1o
thermally separate the species.

Due 1o the lack of natural reproduction of trout in Semince Reservoir, stocking is an
important management tool. In the late 1960's and early 1970's the stocking program
utiized 3.0-4.0 inch fingerlings planted during late summer and early fali from a barge.
Due io heavy walleye predation on the fingeriings, it became clear that a new
management direction had 1o be taken in order to maintain the trout fishery. Intensive
sampling had shown that waileye were more numerous along the lake shores than in
the mid-lake areas. The preference of walleye for littora and sub-littoral areas has
been described previously. The WGFD tried planting the trout fingerlings in the
mid-lake areas to reduce walleye predation. Uﬁ?gs‘iumaieéy, many of the stocked
fingerlings found their way 16 shore within a few hours of stocking. These fingerlings
ol only sought the shoreline, but they also formed schogls. These two behavioral
traits made them very susceptible to walleye predation {McMillan, 1984),

The WGFD attempted to counteract these behavioral traits by scattering the fingerlings
more sparingly throughout the reservoir using a barge. The greater dispersion of the
trout fingerlings appeared to increase the survival of the trout. From 1973-1975
stomach analysis of adyult walleye during the posi-stocking period showed that the
stomachs containing rainbow fingerlings decreased from 72 10 49 to 24 percent,
respectively. During this same period the gill net caich per hour of effort of rainbow
increased from .12 1o 33 i 48, respectively. Greater dispersion of the trout fingerlings

51




was the only planting technique which reduced immediaie predation and Increassd

trout survival to the foliowing spring.

These encouraging resulis were shori-lived. After 1875, any gains in the short term
survivai of the trout due to scatiering were largely negated by the continued predation
over the remainder of the year. Increasing numbers of walleye were decreasing the
populations of forage fish, and the walleye were turning to troui fingerlings

increasingly as forage.

Over the ensuing few vears the WGFD experimented with planting different sizes of
trout. In 1979 thrae sizes of trout were sfocked; 7.3 inches, 4.7 inches, and 3.8 inches.
Fali sampling of the fish recovered only those rainbow from the 7.3 inch size group, in
spite of the fact that they made up less than 5% of the total marked fish planted.
Walleye predation during the the posi-stocking period was heavy. The larger sized
trout were preyed upon less heavily than the other size ciasses as demonstrated by

their proportionally larger returns in the sampling.

in 1979 walleye preyed heavily on smaller stocked fingerlings, but larger stocked trout
appeared to escape predation. This contrasted sharply wilh earlier plants when
walleye preyed just as heavily on the larger as the smaller fingerlings. WGFD
attributes this difference to the declining relative abundance of 18 inch and greater
walleye in the 1979 population compared to the walleye population of the early
197("s. There simply were not as many large walleye in 18792 o prey on the largsr

trout fingerlings.

The decrease in abundance of larger wallaye is altributed o the declining forage base
in the reservoir. When the walleye originally entered the reservoir there was an

abundant and under-utilized forage fish resocurce available. As the walleye population
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expanded, it severely depleted the forage fish base. The inability of the indigenous
forage species to maintain healthy populations was the result of their being riverine
species that were not well suited to the lake habitat created by the impoundment of the
river. By the mid- 1o late-seventies, walleye growth raies had decreased and the
population had become stunted. WGFD placed a bonus limit of 10 additional walieye
on the population in hopes of decreasing the population.

The 1984 WGFD report contains the foliowing recommendation for the trout fishery in
Seminoe Reservoir: The present program of stocking 250,000 7.5 inch trout should
be continued. The success of the program hinges on the numbers of walleye 16.0
inches and over in length in the population. Walleye larger than this can effectively
prey upon the stocked trout. The planting of larger fish has greatly increased the costs
of maintaining the Seminoe trout fishery. The fish that are being planted are yearling
fish. The cost of keeping them in the hatchery uniil they reach this size has also
greatly increased the costs assoclated with the trout stocking program. Also, the cost

of transporting these larger fish is much greater (McMillan pers comm.).

The WGFD decided to introduce a new forage species with the intent of improving
walleye growth rates sufficiently to eliminate stunting, buffering predation on stocked
fingerling trout by providing numerous alternate prey for walleye, and improving the
growth of 12.0 inch and larger trout by providing a desirable food item that was more
anergy efficiant that zooplankion.

Experimental planting with gizzard shad and emerald shiners was attempted. The
gizzard shad plants were very successiul with brown trout and walleye using the shad
extensively. Shad were also found in the stomachs of rainbow as weli. However, the
shad did not over-winter, thus annual plants of gizzard shad were required. The
emerald shiner planis were not successful as the abundant walleye most likely preyed
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upon the introduced spawning stock and any progeny (McMillan 1984},

it wag also found that parn of the walleye population travels upstream from the
reservoir to spawn. Some of the fish return to the reservoir after spawning while others
remained in the river until the fall. Effects of the walieve on rainbow and brown trout
populations in the river above Seminoe reservolr were not tested. Limited stomach
analysis of walleye showed that they did prey on trout in the river, but the rate or

freguency is unknown.

The WGFD study concludes with recommendations for the walleye fishery as well as
the trout fishery. The recommended allernative for the walleye fishery was eradication
of walleye from Semince Resarvoir through chemical rehabilitation. This alternative
was selected even though it was the most expensive and intensive management
option in the short term. Over the long run, it was concluded that costs would not be
appreciably higher than for other management options, particularly if it meant the
difference between having or not having a trout fishery in the system.

It is clear that in this particular case the walleye and the frout did not divide the lake
nabitat spatially or temporally, thus minimizing contact between these species. Based
upon the limnoclogical information provided in the WGFD report, it does not appear that
Seminoe Heservoir stratifies sufficiently to provide spatial segregation of trout and
walleye on the basis of temperature. The lake is on the borderline between being a
cool water and coid water fishery. Most of the lake Is oligotrophic although some bays
may be considered mesotrophic (McMillan pers comm.). Secchi disc readings are
generally 10 feet or less. Hesidence fime of water in the reservoir is approximately

one year,
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John Day Reservolr, Columbia River

The U.S. Fish and Wildlife Service (USFWS) conducted a four year {1983-1986)
investigation into the predation by fish resident in John Day Reservoir on juvenile
salmonids. The USFWS was interested in learning the extent of juvenile salmonid
mortality in reservoirs that could be attributed to predation. The juvenile salmonids of
interest are generally Chinook saimon smolts that were moving downstream to the
ccean from their freshwaier rearing grounds. Northern squawfish, wallaye,
smallmouth bass and channel catfish were the predators selected for study because
previous studies of resident fishes in John Day Reservoir indicated that thess species
were abundant {Poe, 1988).

The USFWS concluded that northern squawfish, walleve, smalimouth bass ang
channel catfish consumed an average of 9-19% of the estimated juvenile salmonids
that entered the reservoir. Northern squawfish was the dominant predator on juvenile
salmonids in John Day Reservoir. The authors estimated thai northern squawfish
accounted for 78% of the total ioss to predators in the reservoir Most of the northern
squawfish predation occurred at the afterbay of an upsiream dam. Of the four
predators, walieye exhibited the highest mean seasonal consumption rates of juvenile

salmonids in the main pool of the reservoir (Vigg et al, in Poe, 1088).

The walleye consumption rate of juvenile salmonids peaked at two years of age. The
proportion of walleyes' ration comprised of saimonids decreased with age from about
30% at two years to about one percent at eight years. Clder walleye sampled did not

2at salmonids.

Juvenile salmonids were the fourth most important food item in the wallave dist,
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accounting for 11.5% by weight and 3.8% by number of food ftems. Prickly sculpin
and suckers were the most important prey fish spaciss for walleye. Subyearling
chinook saimon represented 80.0% of the identified salmonids, whereas yearling
chinook accounted for the remainder. Importance of major food items in walleye
stomachs varied with the length of the predator. The most important food items for
smaller walleye were salmonids and crustaceans, but with an increase in predator
size, crustaceans and salmonids decreased in importance {Gray et al., 1982). This
was probably related 1o the size of the prey item relative to the predator.

Mainstem Missourl River Reservoirs, South Dakota

Prior to the development of the mainstem Missouri River reservoirs in South Dakota,
walleye were scarce in the river. Walleye populations deveioped in Lake Francis
Case, Lake Sharpe, Lewis and Clark Lake and Lake Oshe. Lake Sharpe has an
excellent walleye fishery, with a mean walleyes caich rate of .27 fish/angler hour in
1884 and .25 fish/angler hour in 1985 (Riis, 1986). All four reservoirs provide good 10

excellent walleye fishing.

Walleye distribution in these reservoirs agrees well with the preferred habitat
described in the first section of this repori. Peak abundance cccurs in sections of
intermediate depth and clarity. Walleyes are least abundant in highly turbid, flowing
waters such as the upper portions of the reservoirs, and in the clear deep waters in the

lower portion of Lake Oahe (Nelson and Walburg, 1977).

The South Dakota Department of Game, Fish and Parks has tried for many years 1o
establish trout and salmon populations in these four mainstem Missouri River
reservoirs {(Warmick, 1987). The attempts to establish trout and salmon fisheries in the

thres downstream reservoirs have not been successful. Introductions of salmonids in



the lowser reaches of Lake Oahe have met with only limited success (Nelson and
Walburg, 1977). The lack of success is thought 1o be due 1o the fact that, while these
reservoirs have excellent coolwater habitat, they do not provide good coldwater
habitat {D. Unkenholz, pers. comm.}. As a result, the trout and salmon simply do not

do well.

in this case, uniike the Seminoe Raservoir example, the habitat conditions in the lakes
strongly favor one species over the other, almost to the exclusion of the coldwater

salmonids.

Escanaba Lake, Wisconsin

The sport fish populations of Escanaba Lake have been studied since 1948, Yellow
perch was the most numerous sport spacies in 1946 and smallmouth bass the major
predator. Wailleve constituted a minor part of the community at this time. The first
natural reproduction of walleye occurred in 1943. Large year classes in 1947 and
subsequent years led io the establishment of a large walleye population. Northern
pike had alsc been planted in the early 1940's, but it was not until 1957 that a large
year class firmly established pike in the lake. The establishment of these two new
predators appeared to have a large influence on the sport fish community composition
{(Kempinger and Carline, 1977).

As walleye became abundant in the lake, smalimouth bass densities declined.
Densities of other centrarchids and yellow perch also declined bui were able io
recover. Heavy predation of smailmouth bass by walleye, leading to greatly reduced
bass populations, in other northern Wisconsin lakes appears to have been common

during the 1940's when walleye were widely stocked (Kempinger and Carline, 1977)
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Increasing northern pike numbers in the late 1950's coincided with declining densities
of prey species adulis. These numbers have remained low. Presently, walleye
represent the largest part of the fish biomass of the lake, and northern pike rank
second. in some lakes where predators dominate the biomass, the waileye are
abundant and slow-growing. Presumably, the small number of walleye adults are able
to produce large numbers of juveniles which are then cannibalized. Juvenile prey

suffer high mortality and few survive to adulthood.

This is not the situation al Lake Escanaba, however. Walleve growth rates have
remained fairly constant despite large varialions in the densities of adult prey. As
northern pike growth rates declined, reduced prey populations had more effect on
northern pike than on walleye. Perhaps walleye were better able fo exploit alternate

food resources than were the pike (Kempinger and Carline, 1977}

This example again demonstrales the effect that introduced walleye can have not only
on the forage bass, but on other predators as well. In this case the original predator,
smallmouth bass, was displaced and the forage fish biomass was greatly reduced.

DISCUSSION AND RECOMMENDATIONS

The introduction of a non-native fish is always a risky venture. The possibility of
increasing fishing opportunities is balanced by the risk of affecting other fish species.
Even introductions that are generally considered long term successes, such as the
introduction of brown trout to the United States and closer 1o home, rainbow to the
Yellowstone River drainage, have their down sides. Ths brown trout is now & popular
mainstay of American trout fishing., However, it has caused declines in native trout
populations including the golden trout, gila trout, and McCloud River Dolly Varden
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{Rosen, 1989). The introduction of rainbow frout throughout the West has been
partially responsible for the decline of native cutthroat species due to competition and

inter-breeding.

Given the risk inherent in introducing fish beyong their native range, Drs. Christopher
Kohler and Jon Stanley, experts in the field of introduced fish, have developed an
‘opinionnaire’ which they recommend that fishery biologists and administrators
complete prior to any introduction (Rosen, 1989). The opinionniare is reproduced in
large part below:

1. Is the need for the introduction valid and are there no native species available that
could serve the stated need?

Is the exotic species safe from over-exploitation in its native range?

Are safeguards adequate to guard against importation of disease and parasites?
YWouid the exolic species be limited 1o closed systems?

Would the exclic species have only positive ecological impacts?

S R

Woulid the exotic species be unable to establish a self sustaining population in the
range of habitals that would be available?

7. Would all consequences of the exotic species be beneficial to humans?

8. Does the data base indicate desirabiiity for introduction?

9. Would the benefits of the introduction exceed the risks?

This set of gquestions would be a good place for the MDFWP to begin in considering
any fish species introduction in general and walleye specifically. There are two
questions 4 and 8, that have particular relevance to walleye introductions. Queastion
four is in regards to the ability of the fish to move from the location of introduction into
other waters where its presence may not be desired. For example, assume that
Seeley Lake in the Clearwater drainage contained excellent walleye habitat. From

Seeley Lake walleye could move downstream into Placid and Salmon Lakes, the
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Blackfoot River, the Clark Fork River and uitimately to Lake Pend Oreille. Regardiess
of any other considerations, the prospect of walleye gaining access to the Blackfoot
and Clark Fork Rivers and Lake Pend Oreille, {(all of which are important salmonid
waters), would be sufficient reason not io plant them anywhere In the Clearwater

Drainage.

Question six addresses whether the introduced fish will be able 1o establish a self
sustaining population. An appropriate example may be Cooney Reservoir. It is not vet
known if walleye are reproducing in Cooney. i the walleye do not esiablish a self
sustaining population, this will give MDFWP added management flexibility. If it
becomes apparent that walleye are having a negative effect on the trout fishery, the
relative benefits of managing for walleye and/or trout can be reevaluated. i, on the
other hand, the walleye population becomes self susiaining and adversely affects the
trout fishery, the agency has lost most of its conirol of the situation.

While the introduction of any fish is subject to scrutiny, the introduction of walleye has
peen a particularly controversial subject in the western United Siates. The siate of
ldaho (1982} conducted an evaluation of the introduction of walleye in that state. In
their evaluation they noted:

-Walleye have not been introduced in northern California because of concern for their
possible impact on salmon, steelhead, sturgeon and striped bass.

-Utah has not introduced walleye and salmonids fogether because they believe that
salmonids cannot compete with walleys.

-in New Mexico it is suspected that walleye are suppressing trout in the one lake
where both species are present. The New Mexico depariment has resisted stocking
walleye in salmonid waters,

-The policy of the Colorado Division of Wildlife is to not stock walleye in trout waters,
-Wyoming is opposed fo the introduction of walleye into saimonid waters on the basis
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of the North Platie River reservoir experience.

In the course of evaluating idaho waters for the introduction of walleye, the state
considered:

-The physical suitability of the lake including size, depth, drawdown during spawning,
availability of spawning substrate, water clarity and temperature.

-The presence or potential for an abundance of forage fish.

-The potential for the spread of walleve into connecling waters where their
establishment would conflict with other fisheries.

-The adequacy of the existing fishery.

Another area of concern was the compaiability of walleye with a highly-regarded
existing fishery. The idahe report states "It is an inescapable fact that walleye have the
potential for making significant depletions of lower food chain fishes. We should heed
the cautions expressed by cther state fishery experis and not purposely create
competition for desirable existing fisheries”. Salmonids were not the only source of
potential conflict considered by Idaho. The potential conflict with other popular game

fish such as yellow perch was also considerad in their evaluation.

Preceeding sections of this report have documented walleye introductions in Montana
that have resulted in good walleye fisharies. Nelson, Bighorn and Holter raservairs
are noteworthy because the creel census data is available 1o show caich rates
comparable 1o those of good walleys fisheries in other parts of the country. Walleye
infroductions in Montana have not been without their problems. The factors which
appear © most frequently iimit walleye populations in Montana are inadeguate forage,
water level fluctuations and short water retention fimes. In addition to these physical
and biological limiting factors there are concerns, as in the rest of the West, regarding
the effects of introductions on existing saimonid and other game fish fisheries.
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One aspect of the effect of walleye on exisiting fisheries that has not been addressed
is the cost of maintaining a trout fishery in the face of significant predation on stocked
fingerling trout by walleys. For example, Canyon Ferry is one of the most valuable
fisheries in the state. The current economic vaiue of fishing at Canyon Ferry is
approximately 3.5 million dollars per year. A large part of the fishery at Canyon Ferry
is provided by 4.5 -5 inch stocked rainbow trout which grow rapidly o catchable size.
If this fishery was threatened by predation of walleye on siocked fish, it would be
necessary, based on the Seminos Raservoir experience, to plant 7 inch fish.  This
would result in a 85% increase in stocking cosis. These cosis inciude food and
distribution as well as facility maintenance and personnel. Unrecognized cosis
include the reservoirs and lakes that would not receive fingerlings because of the

additional hatchery space required by the larger fish destined for Canyon Ferry.

it is cbvious that there are many factors 1o consider in deciding whether to introduce
walleye beyond their current range in Montana. The guestion is sufficiently complex
that it must be answered ¢n a case oy case basis. It must also be addressed in a
systematic way that guarantees that all the important issues are addressed each time.
An environmental assessment should be completed for each lake considered for
walleve iniroduction to insure that the action is carefully considered before a decision
is made. The evaluation of criteria, such as those described by Rosen (1983) and the
State of Idaho {1982) should be an integral par of sach environmental assessment
conducted. In addition, criteria speciific 1o waféeye and Montana should alse be

addressed. The following criteria are recommended:
-A trout, vellow perch or other gamefish catch rate of 0.25 or greater should preclude

the introduction of walleye because in most situations it is not likely that the walleye

catch rate will exceed this jevel
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-The proposed body of water should have abundant forage fish or the potential 1o
support abundant forage fish.

-The water retention time of the waler body should be one year or longer because
shorter retention times lead to downstream losses of walleye. In addition shorter
retention times limit thermal siratification of lakes and reserviors.

-1 the proposed water body is a reservoir, waler levels should be managed in such a
way as o oplimize forage fish reproduction.

-The water body should provide the habitat requirements for walleye as described in

Table 1 of this document.

In deciding whether or not 1o stock walleye in a particular water body, the Depariment
should take a conservative approach. There are very few well documented examples
regarding the effect of the introduction of walieye into salmonid waters. Two of the
examples cited here, Seminoe Reservoir and John Day Heservoir, revealed that
walleye preyed heavily on young salmonids. Given the lack of experience from which

to exirapolate and the resuiis of the few examples available, caution is in order.

The Department should closely monitor the situation at Cooney Reservoir as this may

become an example for future introductions.

There have been successiul introductions of walleye within Montana and it is likely
that additional waters will be identified thal meet the above criteria for future
introductions. In addilion, the completion of the Miles City haichery will provide
MDFWP with additional waileyve fry and fingerlings with which to improve existing
walleye fisheries. There are ample opportunities 1o enhance the walleye fisheries of
Montana and still protect other valuable fisheries from the potentially adverse affects of

introducing walleye beyond their current range in Montana.
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Department of Environmental and Industrisal Health, School of
Public Health, University of Michigan, Ann Arbor, Michigan.

1966~703. Aguatic Bioclogist and Project Leader, Bureau of
Commercial Fisheries, U.8. Fish and Wildlife Service, Ann

Arbor, Michigan.



1962-66. Resgeavch Assistant, HMNational Institute of Health
Fellowship, Department of Entomology, Fisheries and Wildlife,
University of Minnssota.

195762, Food Technologist, Hesearch Department, General
Food Corporation, Batitle Creek, Michigan.

1956-75. 2/L7 USAR, Artillery, U.85. Artillery and Missile
Schopl, Fort 5ill, Oklahoma.

1955-56. Graduate Asgsistant, Agricultural Experiment Station
fellowship, Department of Fisheries and Wildlife, Michigan

State University.

Work Experience

1857-62. 1Industrial research experience at General Foods
Corpcoration consisted of developing and improving food products
and procesges, preparing guality control manuals, raw material

specifications and projesct reporis.

1966-71. Aguatic Biologist with the U.8. Bureau of
Commercial Fisheries, at Ann Arbor. Michigan and Research
Associate with the Department of Environmental and Industrial
Health, School of Public Health, University of Michigan.

Duty assignment was project leader, bioclogy and ecoclogy. As
principal investigator, the work involved gaining a better
understanding of the intrinsic and extrinsic factors responsible
for large scale changes in the Great Lakes fish community,
including an attempt to describe the physiclogical and behavioral
regponge of important species under optimum and suboptimun
conditions. Alsc asszisted the Federal Aid Supervigor in
evaluating physiclogical studies zponsored by the U.8. Bureau of
Commercial Fisheries at variocus midwestern universgities,

Faculty appointment at the University of Michigan consisted
of advisor on heavy metal toxicity studies.

18971-Presgent. Research Scientist, Ontario Ministry of
Hatural Resocurces, Thunder Bay, Ontario. Unit Leader, Walleve
Unit, 1in charge of wproviding scientific generalizations and

inferences for managing the provincial walleve fisheries, {(i.e.,
description of life history, population and community dynamics and
ecolegy of walleve, and their response to both aberrant and

gimuzlative streszases. Other duties include organizing or chairing
international meestings for the purpose of developing and
trangferring corporate science policy. Serving as scientific

advisor to Horth Central Region Assessment Units and consultant on
fighery problemsg and initistives, throughout the Great Lakes aresa.



Regearch accomplishments, while emploved in industrv, must be
congidered as part of a team approach to problem solving and are
agz Ffollows: asaisted in developing an enzyme oprocess for
modifying a «<ertain vegetable flour, developing the beverage
drinks "Tang” and "Grapefruit Tang"., writing their quality control
specifications, and agsisted in designing and developing certain
commercial breakfast cereal processes and processing eguipment.

AL the Universiity of Minnesota, developed a microstrata water
sampler for determining water guality in the vicinity of the
substrate water ainterface of river bottoms, an open system
continuous flow bicassay apparatus for studyving the effect of H.S
on aguatic organisms and, with this eguipment, demonstrated that
toxic materials evolve from wood fiber-sliudge depogits in
concentrations that are lethal to certain aguatic organisms.

With the assistance of the Federal Aid Supervisor, organized
a task force of scientists to study the underliving cause of the
mass alewife mortalities which periodically plague the Great
Lakes. Developed criteria and procedure for assessing the effect
o0f heated dischargesg on the egg incubation time of Great Lakes

fishes.

Research results were used for establishing water quality
oriteria for  hydrogen sulphide and waste heat {zee National
Acadenmy of Science and Engineering, 1973: Water Quality Criteria,
1972, EPA-R3-73-033, March, 1973).

In 1975, developed a cooperative research team with Lakehead
University to study the effects of various exploitation
perturbations on walleve populations and communities. Ag
scientific advisor or committee member, I advised 8 M.Sc. and 3
Honor's B.SBc. studentsz in obtaining their degrees.

Organized, chaired and edited the Percid Internatiocnal
Symposium {(PERCIS) held at Quetico Center, Ontario, Sept. 24-0ct.
5, 1876, Proceedings were published as a special issue of the J.
FPigh. Res. Board Can., 34{10): 1445-2000., The information obtained
from this symposium contributed significantly to the design of
Ontario's future fishery management plans for the 1980°'s
{8trategic Planning for Ontarioc Fisherieg, or S.P.0.F.).

Reviewed and synthesized all published research up to 1979 on
the walleye {(Stizostedion vitreum vitreum) for FAO, Rome. This
synopsis, published in 1979, incorporates synthesized material
which is valuable in assesgsing the status of our walleve stocks in
Ontario. Preasently preparing an updated walleve bibliography in
cocperation with Minnesota DNR.




As chairman of SPOF Working Group 12 (19BZ), I was
instrumental in developing guidelines for partitioning vield
estimates into individual species vyields thereby reducing to
practice one of the world's first useful multispecies harvest
models. I also ocontributed significantly to developing indicesn
for identifying overexploitation (SPOF Working Group 15).

At the reguest of the Lake Huron Fisheries Management
Committes, I co-authored the Georgian Bay Walleve Report in 1882.
The status of the walleve Zfisheries was assessed and critical
nesds identified following interviews and a review of about 70

internal reports.

In 1982, I contributed to the satisfactory defence of the
Ministrv’s position of regulating fish harvests on Lake Nipigon
before the Game and Fish Hearing Board in 1982,

In 1983, 1 was a member of an inter-agency, working group to
develop strategies and alternatives for fisheries regearch in
Ontario. Our report was the basleg for providing directicn for

modernizing the provincial research program  and maintaining
internal research capabilities.

The Walleve Unit ztaff was a prime pover in establishing and
supperting in Northwestern Ontaric, the first all-Canadian Chapter
0f the American Fisheries Society. The unit handled much of the
initial adminisirative responsibilities and initiated the first
special publication (Walleve and Tourism, 1985}).

Presently the Walieve Unit is aiding the Ministry in
developing fishery initiatives for the nineties. For example, the
unit plaved a primary role in Lransferring science and managemsent
options to the tourist industyry 1in a recent {(March 1985} AFS
{Horthwestern Ontario Chapter? workshop titled "Walleye and
Touriam: Future Management Strategies”. The published procsedings
served ag a milestone 1in transferring fishery science to the
HNorthern Ontario tourist industry and public in general.

As Ministry consultant and resource person, reviewed Atikokan
District Tourism Development Study.

i plaved a significant role develioping or defending
managemsant strategies for Lake Nipissing, HNipigon, Lake of the
Woods, Shoal Lake, and Hainy Lake. I alsoe participated in the
development of the Minnesota-Ontaric PBoundary Waters 3Atlas for
Lake of the %Woods, Rainy Lake and Rainy River ~ a background
document neceszary for the development of optionsg for managing the
resource, which in turn facilitated the development of long-fLerm
solutions o the npanagement af the borders waters l{e.g.,
establiishing non-resident user fees).



Presently reviewing potential changes in management
strategies and regulations for Eagle Lake and Lac Suel.

Blso gerved ams a rescurce pervson for reviewing the Post-
Operational Envivonmental Monitoring at thes Atikokan Thermal
Generating Station, Impact of Hydro-electric Development on the
Magpie River System at Wawa, and Development of an Effects
Monitoring Program for Tinber Management Guidelines for Ontarioc.

Also gserved as a resource consultant on the HNOC Committes to
review Northern Districot Fisheries Management plans and the Lake
Supericr Management plan.

In 1985, as Great Lakes Coordinator, and Steering Commitiese
Member, assisted in organizing the International Symposium on
Stock Assessment and Yield Predictions {ASPY) -~ primarily for the
purpogse of developing science for managing tThe fisheries of the

Great Lakes.

Presently, I1'm organizing a workshop for the Great Lakes
Figshery Commiesion to evaluate the sitatus and ecological
congeguences of the walleye rehabilitation programs in the Great

Lakes.

Certified as a Fisheries Scientist by the Board of
Profegaional Certification of the American Fisheries Society in
Rugust, 1871,

Elected Fellow in the American Institute of Fighery Research
Biclogiste, Mayrch 11, 1978.

Hominated for President of AIFRE 1981 by Sesarch Committee.
Treagurer of the Thunder Bay Tennis Club, 1979-19%81.

Ligted in the American Men and Women of SBcience, Who's Who in
the Midwest, Whoe's Who in the Easi, Dictionary of International
Biography, Communily Leaders and Noteworthy Americans, and Men of
Achievement.

Scientific paper {1971} entitled "Effect of temperature on
electrolyte balance and osmoregulation in the alewife (Alosa
pseudoharengus! in fresh and =sea water” (Trans. Am. Fish. Soc.
100: 624-638) voted 2nd best paper published in Volume 100 by the
awards committes, and received honorable mention.

RBeceived the James W. Moffett award for "Response of the
alewives, Alosa pEeudcharenqus In: Responge of Fish to
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Environmental Change? published by Charles C. Thomas, Springfield,
Illanocis p. 163-198,. Selected as the outstanding scientific paper
published by & Great Lakes Fishery Laboratory staff member in

1973.

Presentation of Papers

Pragented paper on problems in establishing water guality
reguirements at the 18th Annual AIBS Meeting at College Station,
Texasg, in 1967. The paper was a summary of the recommendations
compiled while serving on a Bureau of Commercial Fisheries
committes Lo review proposzaed water guality criteria submitted by
various states to FRPCA for protecting aguatic life.

Presented paper on the effect of temperature on survival and
development of lake herring at the First International Svmpoesium
on the Biclogy of Coregonid Fishes held at Winnipeg, Manitoba in

1969,

Pregented paper on "Reasponse of the alewife, Alosa
geudoharengug, to environmental change® at a Japan-U.5.A.
Cooperative Science Program in Tokyo, Japan, November 23-26, 1970.

Guest Speaker a2t 40th Midwest Fish and Wildlife Conference on
Dec. 10, 1978 in Columbus, Ohio. Discugsed the reproductive
potential and population self-regulation of fishes.

Kevnote speaker for Minnesota, North and South Dakota Chapter
of AFS at Fargo Norith Dakota, Feb. 19%84. Discussed wallevye

management in Ontario.

Convened numerous sesgions at International meetings and
symposia.

Participated in a technical symposium at Hercules Powder

Company. Delaware, concerned mainly with the thixotrophic
properties of celluloss gums, starches and proteins. Participated
in a technical flavor symposiun  at General Foods Central

Laboratories, Tarrviown, New York.

Participant in the Federal Workshop to prepare a position
paper on effects of heated discharge into Lake Michigan, and was
one of the anonymous authors of the Federal White Paper, "Physical
and Ecological Effects of Waste Head on Lake Michigan”. Presented
perscnal views regarding thie subdect on national television news
{(NBC Brinklev Report. Octobeyr 1370;.

Advisory Experisnces




1966-1570

Advised the Environmental Protection Agency (EPA) temperature
study team during their preparation of prepared water guality
standards for the Great Lakes.

Advised Argonne National Laboratories in developing a program
to atudy the effects of nuclear power plants on the ecology of the

Great Lakes.

Member of American Institute for Fisheries Research Biclogist
Committee to advise the American Nuclear Society on standards to
protect aguatic life from adverse effects of thermal power plants.

1971 ~Present

Member of National Academy of Sciences peer review team to
evaluate the guality and wvitality of the U.8. (NOAA} Oceanic
Research and Development program (1%67-1977). In the fall of
L1875, I was leader of the peer review team that evaluated the
Noerthwest Fisheries Center NHOABA National Marine Fisheries Service
at Seattle, Washington, Auk Bay and Kodiak, Alaska. Results of
the NOABR review were published as a public document by the
National Academy of Sciences in 1977.

Consultant to Woods Hold Oceanographic Institution on the
Atlantic Salmon research program in the Province of Quebec.

Serve on Graduate Advisory Committees, freguently as research
advisoyr, of Master of Science candidates at Lakehead Universitv,

Thunder Bay, Ontarioc.

I was alsc an External Examiner of 3 M.S8c. thesis at
Laurentian University in 1985,

Referee papers for the Canadian Journal of Fisheries and
Aguatic Sciences {formerly the Journal of Fisheries Research Board
of Canadal, the Drotiningholn Report of the Institute of
Freshwater Research, Sweden, the American Fisheries Scoiety,
Environmental Biology of Fishes, and the Fishery Bulletin.

Review grant proposals for National Science Foundation,
Washington, D.C., U.8. Environmental Protection Agency {Duluth,
Minn.), Michigan and Minnescta Sea Grant Programs, and National
Sciences and Engineering Research Council of Canada.

Consultant to the State of Wisconsin: Provide expert advice
or testimony regarding scientific generalizations and infersnces
for managing walleye fisheries, including a description of life
history, population and community dvnamics and ecology of walleye,
and their response to both aberrant and simulative stresses.
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Discuss work as scientific advisor on fishery problems and
initiatives throughout the Great Lakes area.

Membersghip in Professional Societies

American Fisheries Society
American Institute of Fishery Research Biologists
The International Asscciation for Great Lakes Research

Canadian Socliety of Zoologists

Colby, Peter J. and Llovd L. Smith, Jr. 1967, Survival of
walleve aggs and fry on paper fiber sludge deposits on the
Rainy River, Minnescta. Trans. am. Fish. Soc. 96: 278-296.

Colby, Peter J. and Lloyd L. Smith, Jr. 1968. A microstrata
water mampler for stream study. Prog. Fish-Cult. 30: 116-

117.

Colby, Peter J. and Larry T. Brooke. 1%96%. Cisco (Coregonus
artedii) mortalities 1in a southern Michigan Lake. Limnol.

Oceanogr. 14: 958-960.

Colby, P.J. and L.T. Brocke. 1979, Survival and development of
lake herring {(Coregonus artedii) eggs at various incubation
temperatures. Pages 417-428 in C.C. Lindsey and C.8. Woods,
eds., Biclogy of Coregonid Fishes. University of Manitoba

Presg, Winnipeg. Manitobsa.

Lucas, Henry F., Jr., David N. Edgington and Peter J. Colby.
1970, Concentrations of trace elements in CGreat Lake fishes.
J. ¥Figh., Res. Board Can. 27: 677-684.

Edsgall, Thomas A. and Pster J. Colby. 187G, Temperature
tolerance of vyoung-of-the-year cisco {(Coregonus artediil.

Trang. Am. Fish. Soc. 99%: 526-531.

Colby,., Peter J. 1871, Alewife dieocffs: why do they ccour?
Limnoz. 4: 18-27,

stanley, Jen G. and Peter J. Colby. 1971, Effect of temperature
on electrolyte balance and osmoregulation in the alewife
{Aloesa pseudoharengus) in fresh and sea water. Trans. Am.
Figh, Soc. 100: 624-638.

Colby, P.J., G.R. Spangler, D.A. Hurley and A.M. McCombie. 1972,
Response of £.C.0.L. lakes to eutrophication. J. Fish. Res.

Board Can. 29: 975-983,



Colby, Peter J. and George N. Washburn. 1972, Feeding behavior
of lake whitefish and lake herring in Torch Lake, Michigan.
Prog. Fish-Cult., 34: 151.

Colby, Peter J. and L.T. Brooke. 1973. Effects of temperature on
embryvonic development of lake herring (Corsgonus artediil.
J. Fish. Res. Board Can. 30: 799-810,

Colby, Peter J. 1973. Regponge of alewives, Alosa
seudoharengus, to environmental change. Pages 163-197 in
Walter Chavin, ed. Begponge of Fish to Environmental

Changezs. Charleg €. Thomas, Springfield, Illinois.

Colby, P.J. and BE.H. Wignore {eds.}). 1977. Proceedings of the
1976 Percid Internaticnal Symposium (PERCIS}). J. Fish. Res.
Board Can. 34: 1447-199%.

Colby, Peter J., Richard E. McNicol and Richard A. Ryder. 1979.
Synopais of biological data on the walleve {(Stizostedion
vitreumn vitreum) {(Mitchill). FAO Fisheries Synopsis No. 119,

139 p.

Brocke, L.T., and P.J. Colby. 19%980. Development and survival of
embrvos of Lake herring at different constant oxvgen
concentrations and temperatures. Prog. Figh-Cult., 42: 3-9,

Colby, P.J. and 5.J. Nepszy. 1881, Variation among stocks of
walleve {Stizostedion vitreum vitreum): management
implications. Cap. J. Figh. Aguab. Sci., 38: 1814-1831.

Colby, P.J. 1984, Appraiging the status of fizheries:
rehabilitation technigues. Pages 233~237 In Victor W.
Cairng, Peter V. Hodson and Jerome 0. HNriagu {eds.}
Contaminant Bffects on Figheries. John Wiley & Sons, New
York.

Christie, W.J., G.H. Spangler., K.H. Loftus, W.A. Hariman, P.J.
Colby, M.A. Rozs, and D.BH. Talhelm. 1987, A pergpective on
Great Lakes figh communiity rehabilitation. Spec. Publ., J.
Fish. Aguat. 8ci. 44 {Suppl. 2}: 486-499,

Colby, P.J., P.A. Hvan, D.H. Schupp, and &.L. Serns. 1987,
Interactiong in north-temperate lake fish communities. Spec,.
Publ. Can. J. Fish. Aguat. Sci. 44 {(Suppl. 2): 104-12Z8.

Loftus, D,H., C.H. Olver, E.H. Brown, P.J. Celby, W.L. Hartman,
and D.H. Schupp. 1987, Partitioning potential fish vields
from the Great Lakes., 8pec. Publ. Can. J. Fish. Agquat. Sci.
44 {Buppl. 2): 417~424.

Mosindy, T.E., W.¥. Momot, and P.J. Colby. 1887, Impact of
angling on the production and vield of mature walleve and

g



northern pike in a small boreal lake in Ontario. N. Am. J.
Fish. Manage. 7: 493-501.

Colby, P.J., and D. Baccante. {In Prep.}. Quality Fishing Index:
& descriptive tool for walleve angling fisheries.

Colby, P.J., and D. Baccante. {In Prep.}. Response of a walleve
population to a controlled harvest strategy.

Ebbers, #., P.J. Colby, and . Lewi=m. {In Prep.}. Walleve
bibliography updated through 1986, Minn. Dept. Nat. Res.,
Spec. Publ.

Eitchie, B., and P.J. Colby. {in Press}. Even-odd vear
differences in walleye ysar-class strength related to mavfly
production. N. Am. J. Fish. Manage. 00: 000-000.

Reviews

Colby, P.J. 1971, Fish and Invertebrate Culture {(Stephen H.
Spottel. Trans. Am. FPish. Soc. 100: 598,

Colby, Peter J. 1975, Thermal Ecology: Proceedings of a
Svymposium held at Augusta, Georgia, May 3-5, 1973. ({(J.
Whitefield Gibbons and Rebecca R. Sharitz, eds.). Transg.

Am, Fish. SBoc., 104: 838.

Colby, Peter J. 1980. Selected C(Coolwater Fishes of North
America: Proceedings of a Symposiunm held at St. Paul-
Minneapolls, Minnesota, March 7-9, 1978. ({(Robert L. Kendall,
ed.}. Trans. Am. Fish. Soc. 109: 344-346.

Academic Affilistions

I have served on numerous graduate committees either as
Research Bdviscr and Internal Examiner or External Examiner.
Following are gradualte commilises I've served on to date:

As Resgearch Advisor and Internal Examiner, M.Sc. Thesis,
Lakehead University -

Sandhu, Jagrajd 5. 19749, Annual Production and Population
Dynamics of a Relatively Unexploited Walleve, Stizostedion
vitreuwmn vitreum (Mitchill 1818), Population in Savanne Lake,
Ontario.

Mosindy, Thomas. 1980. The Ecology of Northern Pike, Egox lucius
Linnaeus., in Savanne Lake, Ontario.

Ritchie, Beverlee J. 1984, Comparison of the Yellow Perch Perca
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filavegcens (Mitcnhill), Populations in Henderson Lake and

Savanne Lake, Ontaric.

As Internal Examiner, M.Sc. Thesgis, Lakehead University -

Hunan, Christopher P. 1882, Initial Effects of the Exploitation
of Walleve (8tizostedion vitreum vitreum (Mitchill) on the

Boreal Percid Community of Henderson Lake, HNorthwestern
Ontario.

Reid, David ™., 1985, Effects of an Episodic Removal Schemes on a
Walleyve (Stizomtedion vitreum vitreum’), Population.

Armetrong, Kimberly B. 1984. The Bioclogy of Proteccephalus
amploplitis {Leidy., 1887} in Walleye.

Trimbie, K. 1988, Ecology of PForage Fish Following Cessation of
Overharvest of Walleve in Henderson Lake, Ontarioc.

Wisenden, Brian D. i5%88. Community Dynamics Resulting from an
Experimental Pulse Fishery on the Walleve (Stizostedion
vitreunm vitrewm’) in Henderson Lake, Ontario.

As External Examiner, M.Bc. Thesis, Laurentian University -

Schryer, Richard. 16885, Age, growth, feeding and fecundibty in
the walleve {(Stizositedion vitreum vitreum) {Mitchill 1818}

populationsg of Lake NHosbosing.

Additional Publications or Manuscripts Associated with the Walleve
Research Unit

Varey, R.B. 1%974. Population estimates of Stizostedion vitreunm
vitreum (walleye) Savanne Lake 1973. Honours B.Sc. Thesis,
Lakehead University, Thunder Bay, Ontario. 23 p.

Rikiik, Louis. 1981. Production ecology of the burrowing mavily
Hexagenia limbata in Savanne Lake, Ontario. Bonours B.S5c.
Thesis., Lakehead University, Thunder Bay, Ontaric. 35 p.

Harvey, Panl Joseph. 1%82. The determination of population size

uging egtimated numbers of surviving marvked walleve
{Stizostedion v. vilreum) in Savanne Lake, Ontaric {19%72-
1281 of this species to an ongoing experimental harvest.

Honourg B.Sc. Thesig, Lakehead University, Thunder Bavy,
Ontarioc. 5% p.

Riklik, L., and ®.T. Momol. ig%az, Production ecology of
Hexagenia limbata in Bavanne Lake, Ontario. Can. J. Zool.
£0: 2317-2323,




Baccante, DB., and J. Sandhu. 19%983. Annulus formation and growth
characteristics of tagged walleve in a lightly exploited
lake. Ontario Fisheries Technical Report Series No. 2. 5 p.

Baccante, D. {EBd.ji. 1985, Walleye and Tourism: future
managemnent strategies, Proceedings of Conference sponsored
by the HNorthwesiern Ontario Chapter of the American Fisheries
Society, September 18-21. 1984, Quetico Centre, Ontarioc. 170

?9

Brousgsean, C.%., D. Baccante, and L.W. Maki. 1983, The role of
bedrock and surficial geclogy in determining the sensitivity
of Thunder Bav area lakes to acidification. J. Great Lakes
Res. 11: 501-5407.

Colby, P.J. 1985. Development of the MEI and partitioning yields
estimated from the morphoedaphic index into individual
species vields. Pages 62-77 In Proceedings of Conference on
Walleye and Tourism: future management strategies, sponsored
by the Northwestern Ontarioc Chapter of the American Figheries
Society, Beptember 18-21, 1984, Quetico Centre, Ontaric., 170

P

Mceiver, S8.E. 1985. Age and growth of the white sucker Catostomus
commersoni {Lacepede) 1in Henderson Lake, Ontarioc. B.Sc.
Thesig, Lakehead University, Thunder Bay, Ontaric. 27 p.

Beid, D.M., and W.T. Momob. i985. Evaluation of pulse fishing
for the walleve, Stizostedion vitreum vitreum, in Henderszon
Lake, Ontario. J. Fish. Hes. Biol. 27: 235-251.

Baccante, D.A., and D.M. Reid. {In Press}. Fecundity changes in
two exploited walleve populations. ¥, Am. J. Fish. Manage.
GG: G06-000.

ADMINISTRATIVE REPOERTS

Hational Academy of Sciences. 1977. The guality of NOAA's occoesan
regearch and development program~-an evaluation. Ocean
Sciences HBoard, Hational Research Council, Washington, D.C.,
144 pp. f{one of the multiple authors, summarized and edited

by the steering commibiesl.

Ontario Ministry of Natural Resocurces. 1982, Partitioning Yields
Egtimated from the Morphoedaphic Index inte Individual
Species Yields. Report of SPOF Working Group Nunmber Twelve.

71 p.

Coiby, P.J.., and C.H., Olver. {eds. ). 1878, Management
Implications derived frowm the Percis Training S8Sesgion held
December 4-8, 13978 at Geneva Park Conference Centre.
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Glver, C.H., J.M. Casselman, P.J. Colby, and N.R. Payne. 1982,
The report of the Georgian Bav walleve review committee.
Ont. Min. Nat. Res. Intra-ministry Hep. 68 p.

Ontaric Ministry of Natural Resources. 1985. Fisheries Research
Activitiem: 1984-85. Annual Report on Research Prograns of
Fisheries Branch, Ministry of Natural Resources. 94 p.

Ontario Minigtry of Hatural BResources. 1986. Fisheries Research
Activities 1985/86. Ont. Min. Nat. Res. Rep. 53 p.
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INTERNAL UNIT REPORTS

Romani, D. 1%80. Maturity and fecundity of walleyes from Savanne
Lake. Ont. Min. Nat. Resg., Internal Rep. 22 p.

Baccante, D, 1981. Creel census report, Savanne Lake 1980, Ont.
Min. Nat. Resg., Internal Rep. 17 p.

Baccante, D. 1981. Creel census repori, Savanne Lake 1981. Ont.
Min. Nat. Res., Internal Rep. 15 p.

Baccante, D, 1981. Maturity and fecundity of Savanne Lake
walleyes, Fall 1980. Ont. Min. Nat. Res., Internal Rep. 28
D

Baccante, D. 1981. Walleye Removal Program, Savanne Lake 1980,
Ont. Min. Nat. Res., Internal Rep. 13 p.

Baccante, D, 1981. Electrofishing in Savanne Lake, Ontario,
August 25~28, 1981. Ont. Min. Nat. Res., Internal Rep. 25
?Q

Baccante, D. 1982, Maturity and fecundity of Savanne Lake
walleye, Fall 1981, Ont. Min., Mat. Res., Internal Rep. 31
e

Baccante, D. 1382, Walleye removal program, Savanne Lake 1981,
Ont. Min. Nat. Res.,, Internal Rep. 15 p.

Baccante, D. 1982, Maturity and fecundity of Savanne Lake
walleyes, Fall 1982. Ont. Min. Nat. Res., Internal Rep. 20
?&’

Baccante, D. 198z, Walleye removal program, Savanne Lake 1982,

Ont. Min. Nat. Res., Internal Rep. 4 p.

Baccante, . 1983. C(Creel census report, Savanne Lake 1982. Ont.
Min. Nat. Res., Internal Rep. 17 p.

Roberta, K. 1983, Walleye removal program, Savanne Lake 1983,
Ont. Min. Nat. Rem., Internal Rep. 3 p.

Roberts, K. 1984. Creel census report, Savanne Lake 1983. Ont.
Min. Nat. Res., Internal Rep. 135 p.

Boberta, E. 1884. Creel census report, Savanne Lake 1984. Ont.
Min. Nat. Res., Internal Rep. 15 p.

Sein, H. 1985, Creel census report, Savanne Lake 1985, Ont.
Min. Nat. Resg., Internal Rep. 15 p.

Ritchie, B. 1385, Walleye removal program, Savanne Lake 1984.
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Ont. Min. Nat. Hes., Internal Rep. 4 p.

LI8T OF COMMITTEES

Served either as a member or regource person on  the following
committeas:

1. Chairman of PERCIS steering commitites: organized and edited
the Percid Internaticnal Symposium {(PERCIS) held at Quetico
Centre, Ontario (19%76).

2. Chairman of SPOF Working Group 12 {(1982). I was instrumental
in developing guidelines for partitioning yield estimates
into individual species yields, thus reducing to practice one
of the world's firet useful multispecies harvesit models,

3. Strategies for Fishery Hesearch 1in Ontaric. Report of the
Fisheries Research Working Group. Uctober 1583.

4. Post-Operational Environmental Monitoring at the Atikokan
TG8.  Environmental and Social Svstems Analysts Lid. {ES8A~
1984:.

5. Minnesota-Ontario Boundary Waters Fisheries Atlas. Lake of
the Woods, Rainy Lake, Rainv River., [(1984).

&. Aszzegament of Stock and Prediction of Yield Symposium ~ ASPY
Steering Committes Membeyr and OGreat Lakes Co~ordinator.

(1985-1987).
7. Atikckan District Touriem Development Study. (19865,

8. Development of an EBffects Monitoring Program for Timber
Management Guidelines. {(In prep.i.

9. Great Lakes Fishery Commiszion Walleve Rehabilaitation
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