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ABSTRACT

Canyon Ferry Reservoir has consistently ranked as one of Montana's most popular
recreational fisheries. Traditionally managed for rainbow trout Oncorhynchus mykiss,
brown trout Salmo trutta, and yellow perch Perca flavescens, walleye Stizostedion
vitreum were illegally introduced into Canyon Ferry Reservoir in the early 1980s and now
threaten this and adjoining fisheries. Similar introductions in other western reservoirs
have altered popular sport fisheries and have necessitated complex and expensive
management strategies to mitigate the effects of walleye. I used historic data and
standardized netting series from 1994 to 1999 to monitor expansion of the walleye
population and changes in existing fisheries. Age, growth, condition, and food habits of
Canyon Ferry walleye were examined to characterize this new population. Seasonal
movements and habitat use of walleye were monitored using sonic telemetry. Movement
rates were greatest pre-spawn and in early autumn. Fidelity to a single spawning area was
exhibited in all three years of the telemetry study. Experimental netting and
electrofishing conducted in other areas of the reservoir did not identify any additional
walleye spawning areas. Netting trends and age data indicated this population is young
and developing rapidly. Ages of walleye sampled during this study ranged from 0 to 16.
Growth rates were high relative to most North American walleye stocks, indicative of a
rapidly expanding population. Yellow perch and suckers Catosfomus spp. were the
preferred prey of walleye, accounting for 71% to 99% of their diet by weight annually.
Standardized net catches of yellow perch increased sharply as a result of good recruitment
in 1996. This year class probably helped buffer effects of walleye predation on other
species. The walleye population in Canyon Ferry Reservoir is established and expanding;
my data will provide a baseline to monitor this new population and help managers in
formulating management strategies to maintain existing popular sport fisheries.



CHAFTER 1
GENERAL INTRODUCTION

The walleye Stizostedion vifreum has an extensive native range extending from
Quebec southward along the west side of the Appalachian Mountains, west towards the
Gulf coast of Alabama, north through Nebraska to North Dakota, northwest to the
Mackenzie River near the Arctic coast, and southeast across James Bay to Quebec {Scott
and Crossman 1973). Walleye have been widely introduced into waters both within and
outside their native range (Colby et al. 1979).

Walleye are not native to Montana. The earliest published reference to their
presence in Montana appeared in the Montana Fish and Game Commission’s 1923-1924
biennial report. It stated that large numbers of 'great northern or wall-eyed pike' were
present in Nelson Reservoir in Phillips County (Montana Fish and Game Commission
1923-1924). The origin of these fish is unknown; there are no records indicating that they
were stocked by the Montana Fish and Game Department nor the U.S. Fish Commission
(Gould 1995). A private individual or group likely introduced these walleye into Nelson
Reservoir. The first introduction by a public agency occurred in 1933 when the Montana
Fish and Game Department stocked walleye into the Missouri River below Great Falls

(Gould 1995). This was nearly 50 years after rainbow trout Oncorhynchus mykiss, brown
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trout Salmo trutta, and brook trout Salvelinus fontinalis were first introduced into
Montana waters {Brown 1971).

Development of walleye fisheries in Montana was precipitated by the construction
of several large reservoirs and improvements in culturing cool and warmwater fishes in
the state. The U.S. Bureau of Reclamation (BOR), U.S. Army Corps of Engineers, and
local irrigation districts constructed several large reservoirs in eastern and northcentral
Montana in the Missouri River drainage in the early to midwl 900s, including Fort Peck,
Nelson, Francis, Fresno, and Tiber reservoirs. These impoundments provided the
relatively shallow, mrbid_cooiwater environments preferred by walleye, and the species
thrived upon introduction. As these fisheries developed and attracted anglers, there was
increased demand on Montana's hatchery system to provide more walleye. This
culminated in 1984 when walleye anglers successfully lobbied the Montana Legislature to
fund expansion of the state's warmwater fish hatchery in Miles City.

The rapidly increasing popularity of walleye as a sportfish was not unique to
Montana, but was occurring in other states throughout their native and introduced range
as well (Conover 1986; Quinn 1992). This can be attributed to magazines and television
programs specializing in walleye fishing, technological advances in fishing boats and
equipment, a growing interest in competitive ﬁshiﬁg tournaments, and the formation of
local fishing clubs.

The founding of local chapters of the Walleyes Unlimited (WU) organization in
Montana in the early 1980s led to organized efforts requesting increased walleye fishing

opportunities. More specifically, WU was secking to establish walleye fisheries in some
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of the traditional trout waters in the western portion of the state. To formally address
these demands, Montana Fish, Wildlife & Parks (MFWP) contracted with Colby and
Hunter (1989) to complete an environmental assessment on the introduction of walleye
into new waters in the state. Because of lack of documented case histories and published
literature relating walleye and trout interactions, the authors recommended a conservative
approach. They concluded: 1) each proposed introduction should be handled on a case by
case basis because of the inherent risks associated with introducing a prolific top-predator
fish into new environments; and 2) a separate environmental assessment should be
completed for each proposed introduction fully evaluating the potential risks specific to
that water body. In the early 1980s, Idaho adopted an equally conservative policy
addressing potential walleye introductions into salmonid waters (Idaho Department of
Fish and Game 1982).

Canyon Ferry Reservoir, located on the upper Missouri River, was one of the
primary waters that anglers pressured MFWP to introduce walleye. This reservoir was
traditionally managed as a rainbow trout and yellow perch Perca flavescens fishery, and
consistently ranked as one of Montana's most popular recreational fisheries as judged by
statewide fishing pressure estimates (MFWP 1997). In the late 1980s, a declining
rainbow trout fishery and growing public interest in establishing a walleye population in
Canyon Ferry was the impetus for MFWP to develop a fisheries management plan for the
reservoir and the associated upstream section of the Missouri River.

Because of the controversy surrounding a potential walleye introduction, MFWP

carefully addressed this issue in the development of the Canyon Ferry Reservoir /



4

Missouri River Fisheries Management Plan. MFWP hosted a public workshop in 1991
investigating walleye-trout interactions. Biologists from several western states related
their experiences in managing coexisting trout and walleye fisheries. Their observations
reflected two consistent themes. First, at high population levels, walleye predation
negatively affected trout and other fisheries. Second, walleye pioneered into upstream
and downstream waters, sometimes moving great distances (MFWP 1991).

To further explore these issues and follow the guidelines recommended by Colby
and Hunter (1989), an environmental assessment was completed specifically evaluating
the potential effects of a walleye introduction on the existing Canyon Ferry fishery, as
well as on fisheries upstream and downstream waters (McMahon 1992). McMahon
(1992) reviewed existing data and other case histories and concluded: (1) conditions were
highly favorable for development of a self-sustaining walleye population in Canyon
Ferry; (2) this population would likely "boom and bust"-—meaning it would expand very
quickly, but then decrease in quality as the existing forage base declined; (3) a sizable
walleye population would not be compatible with maintaining the existing rainbow trout ‘
and yellow perch fisheries; and (4) walleye would move into adjacent waters, especially
downstream during high water years when surface spills occur at Canyon Ferry Dam.

MFWP sent out about 4,800 surveys in 1991 to identify the public's opinions and
preferences concerning Canyon Ferry fisheries issues. The majority (77%) of the 1,830
respondents indicated that they preferred maintaining the existing rainbow trout and
vellow perch fishery and generally opposed a walleye introduction, particularly if it were

to pose a high risk to the existing fishery (MFWP 1992).
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Following two years of preparation and extensive public involvement and review,
the final draft of the Canyon Ferry Reservoir / Missouri River Fisheries Management Plan
was presented to the MFWP Commission in October of 1992, The five-year plan
(1993-1998) recommended that no new species be introduced into the reservoir and that
management efforts be directed at enhancing existing fish species and their habitats in the
reservoir / river system. The Commission unanimously approved thel plan (MFWP 1992).

Despite MFWP's efforts to fully evaluate the implications of a potential walleye
introduction, an illegal introduction had already occurred. MFWP biologists sampled a
single walleye in autumn 1989 in a floating gill net series used to monitor rainbow trout
population trends (Lere 1990). This was the first walleye ever collected in 34 years of
systematic fish sampling in Canyon Ferry. A single walleye was sampled in each of the
two following years. An age-0 individual was captured in a seine in 1990 and a yearling
was caught in a gill net in 1991 (Lere 1992). Three more walleye were sampled in gill
nets in 1992; the oldest was age 3. The status of walleye in Canyon Ferry was unclear at
that time based on those few incidental catches in MFWP's standardized netting surveys.
However, an aggressive mandate was adopted in the management plan addressing the
establishment of new, undesired species because of the potential deleterious effects on the
existing fishery identified in McMahon’s {1992) assessment:

"Should illegally introduced species become established in Canyon Ferry

Reservoir or the Missouri River, MDFWP will take immediate action to

determine the status of the population and evaluate the possible

consequences to existing fisheries. As determined necessary by MDFWP,

utilize removal methods or reservoir level manipulations to minimize

impacts of illegally introduced fish species on resident populations”
(MFWP 1992). '
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MFWP set gill nets in June 1993 specifically targeting walleye to gain a better
understanding of their status in Canyon Ferry. Fourteen walleye were sampled in seven
nets; all were less than four vears old. 1t was evident that a walleye population was
developing in Canyon Ferry.

My study addressed the actions mandated in the management plan. It provides the
baseline information needed by managers to evaluate the potential to control or eradicate
walleye from Canyon Ferry Reservoir. This research may also lead to the development of
management strategies for maintaining trout and yellow perch fisheries in the presence of
an expanding walleye population. Complete documentation of the effects of this illegal
introduction in Canyon Ferry will better enable Montana and other states to handle future
ililegal introductions. At the very least, the aggressive dissemination of this information
may help to curtail similar introductions by educating the general public to the potential
far-reaching consequences of such actions.

Objectives of my study were to: 1) collect ba§eiine data on the newly developing
walleye population; 2) monitor and document any changes in the existing Canyon Ferry
fisheries; 3) document seasonal movements and distribution of walleye in Canyon Ferry
Reservoir with emphasis on identifying spawning areas; and 4) deteﬁnine if telemetry can

be used to identify all or most walleye spawning areas in Canyon Ferry Reservoir.
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CHAPTER 2

STATUS AND POPULATION CHARACTERISTICS
OF A DEVELOPING WALLEYE POPULATION IN
CANYON FERRY RESERVOIR, MONTANA

INTRODUCTION

The éppearance of walleye Stizostedion vitreum in Canyon Ferry Reservoir during
the late 1980s was apparently the result of an illegal introduction. Over the past 20 years
Montana Fish, Wildlife and Parks (MFWP) has documented over 400 such introductions
throughout the state involving 47 different species; 11 of these introductions were
walleye (J. Vashro, MFWP, personal communication).

Walleye introductions in western reservoirs have not been without their costs. In
many waters, managers have struggled with maintaining a balance between this top
predator and its prey base (Colby and Hunter 1989; McMahon and Bennett 1996). Forage
depletions often result in the presence of a moderate to high density walleye population,
frequently leading to the decline or loss of popular sport fisheries tﬁrough increased
predation (McMillan 1984). Additionally, Walieyé have commonly pioneered into
adjacent waters both upstream and downstream far from point of introduction, at times
colonizing major portions of large river systems (McMillan 1984, 1991; Nigro 1991).

Thus, managers must often contend not only with the local implications of a walleye
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introduction, but system-wide effects as well (Colby and Hunter 1989; McMahon and
Bennett 1996).

McMahon's (1992) risk assessment identified a likely forage depletion and
potential downstream effects as two of the major considerations of a walleye introduction
into Canyon Ferry Reservoir (Chapter 1). These risks are of particular concern to
managers as the long-term effects of this introduction may result in irreversible changes
to several of Montana's most important recreational fisheries. Canyon Ferry consistently
ranks as the most popular fishery in the state, providing nearly 100,000 angler days
annually. Hauser and Holter reservoirs each support_about 70,000 angler days a year and
commonly rank in the top ten for statewide fishing pressure. The Missouri River below
Holter Dam is one of Montana's most heavily fished rivers, second only to the Big Horn
River. This reservoir / river complex accounted for four of the top ten most popular
recreational fisheries in Montana in 1997 and 11% of the total statewide fishing pressure
(MFWP 1997).

Prior to the initiation of this study in 1994, MFWP had sampled a total of 21
walleye in Canyon Ferry from 1989 to 1993. The purpose of my research was to collect
baseline information on this newly developing population. This data will assist managers
in understanding the development of this popula’sibn and help in evaluating the potential
implications to existing fisheries within this reservoir / river complex.

The objectives of this study were to: 1) describe the development of the illegally

introduced walleye population in Canyon Ferry; 2) determine the relative abundance, age
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composition, food habits, growth rates, size structure, and condition of this population;

and 3) monitor and document any changes to the existing fisheries.
STUDY AREA

Canyon Ferry is the largest and uppermost impoundment of a three reservoir chain
including Hauser and Holter reservoirs on the upper Missouri River (Figure 1).
Impounded in 1954, it is located in Lewis & Clark and Broadwater counties in southwest
Montana. The upper end of the reservoir is located about 40 km downstream of the
origin of the Missouri River at the confluence of the Jefferson, Gallatin, and Madison
rivers near Three Forks, Montana. Canyon Ferry Dam is located on the north end of the
reservoir and is about 23 km east of Helena, Montana. The United States Bureau of
Reclamation (BOR) operates Canyon Ferry as a water storage reservoir and regulates
water levels for flood control, irrigation, municipal water supply, power production, and
recreation. Because it is a storage reservoir, it controls the flow regime of the two lower,
run-of-the-river reservoirs (Hauser and Holter) and the Missouri River below Holter
Dam.

Canyon Ferry has an elevation at full-pool of 1158 m, surface area of 14,238 ha,
and storage capacity of 2.53 x 10° m*. The reservoir is 40.2 km long and has a maximum
width of 7.2 km (Rada and Wright 1979). Canyon Ferry's total shore length is about 122
km and has a shoreline development factor of 2.9 (Rada 1974). It has mean and

maximum depths of 17.8 m and 50.1 m, respectively. The annual drawdown is about
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Figure 1. Map of Canyon Ferry Reservoir, Montana, showing downstream Hauser and Holter
reservoirs and associated dams.
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3.6 m and hydraulic retention averages about 135 days, but can range from 50 to 200 days
depending on the flow regime and reservoir elevation (Priscu 1987).

The north and south ends of the reservoir contrast markedly. The broad, southern
(upper) portion of Canyon Ferry is characterized by relatively shallow (< 15 m), uniform
depths with gently sloping shorelines and few bays. Strong wind events are common on
this end of the reservoir, particularly during spring and autumn. The shoreline substrate
is mostly small cobble with localized areas of sand and mud; off-shore substrate is
predominately mud and silt deposited from the Missouri River. The north (lower) end of
Canyon Ferry is much narrower and deeper. It has numerous small bays with steeply
sloping, rocky shorelines, particularly off the points of bays. There are also several rocky
islands on the north half of the reservoir, some of which are submerged when the
reservoir is at full-pool. Generally, there is greater habitat complexity on the north end of
the reservoir compared to the southern half.

Canyon Ferry Reservoir fills rapidly during spring run-off in late May and June,
reaches its maximum storage in July, then gradually is drawn down to minimum storage
levels by the following spring. The Missouri River provides nearly all water input into
the reservoir except for a few small perennial iributaries (Duck, Confederate, Beaver, and
Magpie creeks) that contribute only minimal inﬂoﬁr. Most water discharge at the dam
occurs through three 4.1-m diameter power penstocks at a depth of 28 m. Additional
water is released at a depth of 33 m into a pump intake to supply the Helena Valley

Regulating Reservoir with irrigation and municipal water. During spring run-off when
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discharge exceeds the capacity of the power penstocks, excess water is released through
four radial gates at the surface and through four 2.1-m diameter river outlets at a depth
of 44 m.

The upper end of Canyon Ferry does not stratify because of shallow depths, strong
wind activity, and the influence of the Missouri River. The mid and lower portions of the
reservoir develop a weak thermocline during the summer, generally at a depth of 12 to 25
m (Horn and Boehmke 1998). It is a dimictic reservoir, turning over in early to mid-
October and again in the spring at ice-out. Canyon Ferry is typically ice covered from
mid-December through Maxcﬁ. The shallower, upper end of the reservoir is the first area
to ice-up and is the first portion of the reservoir to become ice-free in the spring, in part
because of the warmer water inflows from the Missouri River.

Canyon Ferry is a productive reservoir and has been classified as shightly
eutrophic (Rada and Wright 1979) to hyper-eutrophic (Horn and Boehmke 1998) based
on chlorophyll a and total phosphorus values. The phytoplankton assemblage is
dominated by blue-green algae, and current densities are similar to what they were
historically (Horn and Boehmke 1998). Peak densities of phytoplankton typically occur
in mid-summer (Wright 1958, Rada 1974, Priscu 1987, Horn and Boehmke 1998).

There are 22 species of zooplankton preseht in Canyon Ferry (Horn and Boehmke
1998). Rotifers are the dominant group numerically, whereas cladocerans account for the
greatest total biomass. The cladoceran Daphnia spp. is the primary prey of planktivorous
fishes in Canyon Ferry (Lere 1990). Daphnia typically reach peak densities in mid-May

to early June at over 20 per liter, then average about 8-10 per liter during the remainder of
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the ice-free period (Wright 1980, Lere 1991). Their densities can vary greatly from year
to year depending upon climatic conditions and water inflows.

There are 22 species of fish present in Canyon Ferry Reservoir (Table 1). Non-
native species are the most abundant game fishes in the reservoir, whereas native species
represent the majority of the non-game fish assemblage. Rainbow trout are the most
popular game fish and are maintained by an annual stocking program. Yellow perch and
white suckers are the most abundant non-game species.

Table 1. Native status and relative abundance of game and non-game fish species present
in Canyon Ferry Reservoir, Montana, as of 1999.

Game fish species Status Relative abundance
Rainbow trout Oncorhynchus mykiss non-native abundant
Walleye Stizostedion vitreum non-native abundant
Mountain whitefish Prosopium williamsoni native common
Brown trout Salmo trutta non-native common
Burbot Lota lota native common
Brook trout Salvelinus fontinalis non-native rare
Westslope cutthroat trout Oncorhynchus clarki lewisi  native rare
Northern pike Esox lucius non-native rare
Smallmouth bass Micropterus dolomieui nen-native rare
Largemouth bass Micropterus salmoides non-native rare
Non-game fish species Status Relative abundance
White sucker Catostomus commersoni native abundant
Longnose sucker Catostomus catostomus native abundant
Longnose dace Rhinichthys cataractae . native abundant
Mottled sculpin Cottus bairdi native abundant
Yellow perch Perca flavescens non-native abundant
Common carp Cyprinus carpio non-native abundant
Fathead minnow Pimephales promelas native common
Stonecat Noturus flavus native common
Utah chub Gila atraria non-native common
Flathead chub Platygohio gracilis native rare
Mountain sucker Catostomus platyrhynchus  native rare
Bluegill Lepomis macrochirus non-native rare
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METHODS

opulati nitorin ervoir Fishes

Standardized Sampling

Three established baseline data sets were used to menitor the development of the
walleye population in Canyon Ferry Reservoir and changes in existing fisheries.
Standardized baseline sampling compieted annually during the 1994 through 1999 study
period included a sinking gill net series, a floating gill net series, and a beach seine series.

The sinking gill net series consisted of 17 overnight sets in June and 16 overnight
sets in August using experimental-mesh sinking gill nets (38.1 m x 1.8 m with equal
length panels of 19- ,25- 38-,45-, and 51-mm bar mesh). Established in 1955, this
series was set periodically primarily to monitor yellow perch population trends.

The floating gill net series consisted of 15 overnight sets in spring and 18
overnight sets in autumn using experimental-mesh floating gill nets (38.1 m x 1.8 m with
equal length panels of 19- ,25- ,38-, 45-, and 51-mm bar mesh). This netting series was
established in 1986 and was set annually to monitor rainbow trout population trends.

The beach seine series was conducted in August and consisted of 60 sampling
sites. This series was standardized in 1991 and oﬁginaily consisted of 30 sites and the
use of a shallower seine {1.8 m). In 1994, it was expanded to 60 sites located throughout
the reservoir, and a deeper seine (30.5 m x 3.0 m seine with 6 mm bar mesh) was
employed to more efficiently sample age-0 walleye (B. Hill, MEWP, personal

communication).
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1 established a separate standardized netting series in 1996 to specifically monitor
the walleye population in Canyon Ferry. These nets were set in depths and habitats
similar to those used by telemeterized walleye (Chapter 3). Netting was completed in late
September and consisted of 15 overnight sets located throughout the reservoir using
experimental-mesh sinking gill nets (38.1 m x 1.8 m with equal length panels of 19, 25,
38, 45, and 51 mm bar mesh). This series was designated the 'walleye netting series' and
was set 1996 through 1999. Netting locations for all standardized sampling series are
illustrated on maps in the Appendix.

All fish sampled in the sinking net series and the walleye netting series were
identified to species and measured to the nearest 0.1 inch total length (TL). Fish captured
in the floating net series were identified and measured to the nearest 0.1 inch TL and
weighed to the nearest 0.01 pound. Lengths and weights were converted to metric units
(i.e., mm and g). Sexual condition (e.g., gravid, ripe, spent) of walleye was noted during
the spawning period. Immature walleye were sexed by the criteria suggested by Colby et

al. (1979).

Non-standardized Sampling

1 completed intensive gill netting in Canyon Ferry Reservoir specifically to live-
capture adult walleye for implanting with ultrasonic transmitters during 1994 and 1995.
Experimental-mesh sinking gill nets were set in shoreline areas throughout the reservoir
in the spring of 1994 and autumns of 1994 and 1995. Autumn netting targeted areas used

by already-telemeterized walleye in an attempt to maximize catches of adults. Gill nets
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and trap nets were used to sample walleye during the 1995 through 1998 spawning
periods to meet other objectives of this study (Chapter 4). I collected the same
information from walleye sampled in non-standardized netting as was reported above.

Length and weight data were not collected from any other species sampled.

Netting Analyses

Catch-per-unit-effort (CPUE) rates were detennined by calculating the mean
number of fish éampied per net. Relative abundances and CPUE rates were calculated for
individual species for each netting series and compared to existing data sets to evaluate
any changes in reservoir fish populations (Rehwinkel 1986; Lere 1992). One-way
analysis of variance (ANOVA) was used to test for significant differences in net catches
among years. Fish other than walleye captured during the non-standardized netting were
identified and counted. Live-captured game fish were released. CPUE rates were
determined for all species sampled in the non-standardized netting and compared between
the 1994 and 1995 autumn sampling periods.

Length frequency distributions of white suckers and yellow perch sampled in the
sinking net series were plotted to characterize the population structure of these forage
species. Descriptive statistics (i.e., median length and range) were calculated for this data
to monitor any changes in the size structure of these populations.

Forage fish production was monitored with beach seine data. Relative numbers
of age-0 yellow perch, cyprinids, and suckers (combined total of white and longnose)

captured per seine haul were compared to an existing data set (Lere 1992) to evaluate the
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production of these fishes during the study. Numbers of age-0 walleye sampled were also
monitored to develop an index of abundance and determine relative strength of individual
year classes. The median TL (mm) of age-0 walleye captured in beach seines was

calculated to monitor juvenile growth rates.

Walleve Population Characteristics

Length and Weight Statistics

Descriptive statistics (i.e., median length, median weight, and range) were
summarized by individual years for all walleye sampled during the study. Linear
regrlession was uséd to model the length-weight relationship of the Canyon Ferry walleye
population.

Relative stock density (RSD) is a numerical descriptor of length frequency data
(Anderson and Neuman 1996). Traditional RSDs (the proportion of stock-length fish that
are equal to or longer than the defined minimum lengths of size categories) are most
useful for making intercomparisons between populations (Gablehouse 1984).

Incremental RSDs (the proportion of stock-length fish that are between the defined
minimum lengths for the size categories) are recommended for longwterm momitoring of a
single population {Gablehouse 1984; Willis et al. 1993). Incremental RSD values were
calculated for all walleye sampled in experimental-mesh sinking gill nets during autumn
netting efforts. This data was used to monitor the size structure of the developing
population and follow strong and weak year classes over time. Additionally, incremental

RSDs will provide a tool for monitoring flushing losses of Canyon Ferry walleye into
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Hauser and Holter reservoirs. English units measurement data were used to calculate
RSD indices to minimize "rounding" errors (Willis et al. 1993). Lengths used for stock
(S) - quality (Q), quality - preferred (P), preferred - memorable (M), memorable - trophy
(T), and trophy categories were 10.0 - 14.9, 15.0 - 19.9, 20.0 - 24.9, 25.0 - 29.9, and
greater than 30-in TL, respectively (Gablehouse 1984). Confidence intervals were

calculated for incremental RSD values according to Gustafson (1988).

Age Determination

Dorsal spines were the principal structure used for aging the larger (> 20.0 in TL)
walleye because of the inherent difficulty in accurately aging older walleye with scales
{Campbell and Babaluk 1979; Erickson 1983; Beamish and McFarlane 1987; Marwitz
and Hubert 1995). The first three anterior spines were removed at the base of the dorsal
fin from each walleye with side-cutting pliers. Care was taken to make a perpendicular
cut across all three spines so that no annuli were lost. Cross-sections were taken within
0.5 cm from the base of the spine to avoid removing the first annulus (Carmnevale 1977).
Collected spines were stored in individual envelopes labeled with TL, weight, sex, date,
sampling gear, and location.

The anterior-most spine (typically the smallest of the three) was separated from
the other two and discarded in the laboratory (Marwitz 1994). The second spine was
mounted and cross-sectioned; the third spine was retained as a backup in case of unclear
annuli or damage to the second spine. Spines were mounted individually in wooden

molds lined with wax. Fiberglass resin was poured into the mold until the spine was
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completely covered and allowed to harden for a minimum of 24 h. Four 0.5 to 1.0 mm
cross-sections were cut from the base of each spine with a Dremel® tool with a 2.5 cm
diameter cutting disk. Spine sections were polished with mineral oil and then viewed
with transmitted light at 48x magnification with a microfilm reader. Spine annuli were
identified and ages estimated following the criteria established by Mackay et al. (1990).
Ages of walleye sampled in the spring were advanced one year although annulus
formation was generally not complete until late May or early June. This was done to
coincide with the calendar year to simplify data analyses.

Thirty dorsal spine samples were randomly selected and aged by an independent
reviewer without prior knowledge of the size of the walleye or the age I assigned the fish.
Precision of our independent age estimates was compared.

Scale samples were collected from most walleye handled during the study. Scales
were removed from below the lateral line and above the posterior insertion of the left
pectoral fin (Campbell and Babaluk 1979) and impressed on acetate sheets by Wayne
Black, MFWP Scale Laboratory, Bozeman, MT. When aging questions arose with the
dorsal spine methodology, I referenced the respective scale sample to assist in assigning
an accurate age. All smaller walleye (<20.0 in TL) collected from 1997 to 1999 were
aged exclusively with scales. Scales were viewed with a microfilm reader at 24x
magnification and annuli were identified by the criteria established by Jearld (1983).

All walleye sampled from 1994 through 1999 were aged with either scales, spine
cross sections, or both techniques. Age structure of the different components of the

Canyon Ferry Reservoir walleye population were summarized. Age data were
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summarized seasonally because of size-selective sampling bias inherent with the different
sampling techniques employed. Data collected in spring 1995 were not included in
summaries because only 10 walleye were sampled. Relative strength of individual year
classes represented in the spawning population were compared with those of walleye

sampled in the autumn netting.

Growth
Lengths at age were back-calculated for walleye sampled from 1994 through 1996

using the aged dorsal spine sections. Distances {mm) from the focus to successive annuli
and the section edge were measured to the nearest 1 mm while projected at 48x
magnification on a microfilm reader. Consistency in measuring all sections along the
same radius was important because walleye spine sections are asymmetrical. Slight
deviations from this radius can produce large errors in back-calculated lengths (Carnevale
1977). 1 took measurements on the left-anterior portion of the sections from the focus to
the most distal edge of the spine (Figure 2).

Annular measurements were entered into an Excel® spreadsheet. A regression of
total length to spine radius was used to back-calculate total lengths at age using the
Whitney and Carlander (1956) "body proportional” method. Francis (1990) further
refined this method by determining the following back-calculation formula when the
body-scale (spine) relationship is linear:

Li=[({c+dS)/(c+ds)] L

where L, is total length and S, is radius measurement at time of formation of the /th
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annulus, L, is total length and S, is total spine radius at time of capture, and c is the ¥
intercept and d the slope derived from the regression equation.

Back-calculated lengths at age were determined for individual years and
compared. A grand mean of back-calculated total lengths was calculated for individual

age classes to determine annual growth increments.

Relative Weight

Relative weight (W) is a body condition index that provides a physiological
measure of relative “plumpness" or "robustness” based on length-weight data (Wege and
Anderson 1978; Liao et al. 1995). W, was computed for all walleye sampled during the
study using the formula:

W,=100 W/ W,
where W is the observed individual weight (g) and W, is standard weight. Standard
weight was determined from the revised formula of Murphy et al. (.1 990):
log,, ¥, (g) = -5.453 + 3.180 log,, TL (mm).

W, is recognized as a valuable assessment tool for monitoring the general
ecological health of a population (Liao et al. 1995; Anderson and Neumann 1996;
Marwitz and Hubert 1997). However, mean W, calculated for a single population or
stock may "mask" length-specific trends of condition (Murphy et al. 1991; Porath and
Peters 1997). Populations are better monitored by determining mean #¥, for specific
length groups. Mean W, values were determined for individual RSD length categories for

all walleye sampled in experimental-mesh sinking gill nets during autumn netting efforts.
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Declines in . for individual RSD length groups among years may have indicated
changes in prey availability. One-way analysis of variance (ANOVA) was used to test for
signiﬁcant differences in mean W, for RSD length groups among years. Significance was
determined at P < 0.05. When significant differences were detected, Tukey's multiple
comparison test was used to discern which means were different (Zar 1984). All

statistical analyses were performed with SPSS for Windows (1999).

Food Habits

Stomach contents were collected from all walleye sampled in the summer and
autumn. Walleye captured during the spring spawning period were inspected for
distended stomachs and food items were saved if present. Stomachs were removed in the
field by severing the esophagus (Bowen 1983). Contents were stripped into a plastic vial
and preserved in 80% denatured ethyl alcohol.

Vial contents were strained from the preservative with a finely woven cotton mesh
(< 400 pm) net in the laboratory. Contents were rinsed in tap water, placed in either a
Petri dish or dissecting tray, and separated and identified. Prey items not identifiable to
species by visual inspection were searched for diagnostic bones to aid in identification
(Frost et al. 1996). Flesh not containing diagnostic bones was categorized as
"unidentified." Individual prey items were blotted briefly (15 s) with a paper towel and
weighed on an electronic balance (0.01 g). Fork lengths (mm) of prey fish with head and

caudal fin intact were measured. Frequency of occurrence, mean aggregate percent by
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weight, and mean individual percent by number were calculated for individual prey items

and analyzed by individual years (Hyslop 1980).

RESULTS

Population Trends of Reservoir Fishes

Walleyve

No walleye had ever been sampled in MFWP's sinking net series the eight
previous times it was set from 1955 to 1984. Five walleye were sampled in these nets in
1994, which was the first time this series was set in its entirety since 1984. The number
of walleye sampled in this netting series remained low (range 6 - 37 individuals) in
subsequent years, but rose sharply in 1998 to 160 (Figure 3). Iﬁ 1999, the walleye catch
in these nets declined to 60. Catches of walleye in this netting series differed
significantly among years (ANOVA; P <0.001). Walleye CPUE was significantly
higher in 1998 than in all other years (Tukey; P < 0.05); net catch rates of walleye did not
differ significantly among other years of the study (Tukey; P > 0.05). Walleye accounted
for less than 3% of total fish sampled in the sinking net series each year during this study,
except in 1998 when they made up 7.3% of the total catch (Table 2).

Floating gill nets do not typically sample walleye effectively, but walleye were
consistently observed in this netting series in the later years of this study. Walleye

catches in these nets were relatively low (range 0 - 9), but showed an increasing trend
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from 1996 to 1998 (Figure 3). Walleye accounted for iess than 4% of the overall catch
for each spring and autumn sampling period (Table 3), similar to the sinking net series.

Walleye catch rates in the walleye netting series increased sharply from 2.1
(SE = 0.80) walleye per net in 1996 to 10.4 (SE = 2.01} in 1998. Younger age classes
(age 1 and age 2) of walleye produced in 1996 and 1997 accounted for 95% of the 1998
catch (Figure 4). Catch rates declined to 6.5 (SE = 1.80) walleye per net in 1999, as
yearlings were nearly absent from the sample. The 1996 and 1997 year classes continued
to dominate the catch in 1999 (Figure 4). Walleye CPUE in this netting series differed
significantly among years (ANOVA; P = 0.005). Net catch rates of walleye in 1997 and
1998 were significantly higher than those observed in 1996 (Tukey; P < 0.05); 1999 net
catches did not differ significantly from any other year (Tukey; P > 0.05).

Although efforts to monitor walleye recruitment were intensified (i.e., number of
sampling sites was doubled to 60 and a deeper seine was used) during this study, few age-
0 walleye were sampled in the beach seining series (Figure 3; Table 4). Two age-0
walleye were sampled in this series in 1994, 11 in 1995, two in 1996, 17 in 1997, and six
in 1999. None were sampled in 1998. Median TL of age-0 walleye was 140 mm
(range 109 - 160) in late August when this sampling was completed.

Walleye CPUE rates were higher in the noﬁ-standardized netting than in the
standardized netting series in 1994 and 1995. Exploratory net sets targeting spawning
walleye in the spring of 1994 resulted in seven juvenile walleye sampled in 72 net sets

(mean = 0.1, SE = 0.03). After the spawning area was identified, 41 adult walleye were
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Figure 4. Mean net catch by age of walleye sampled in standardized walleye netting
series, Canyon Ferry Reservoir, Montana, 1996 - 1999.
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sampled in 18 nets (mean = 2.3, SE = 0.59). This spawning population was sampled
annually for the duration of the study. These results are discussed in detail in Chapter 4.
| The non-standardized sampling completed in autumns of 1994 and 1995 was
based on known habitat use of telemeterized walleye and was my best effort at sampling
individuals. Walleye CPUE rates averaged 1.0 (SE = 0.14) walleye per net (67 walleye
sampled in 68 nets) in 1994 and 1.1 (SE = 0.14) walleye per net (119 walleye sampled in

106 nets) in 1995 (Figure 5). Walleye comprised 2.4% of the total catch in these nets in

1994 and 3.4% in 1995 (Tables 35, 6).

Yellow Perch

Mean CPUE rates of yellow perch in the sinking net series in 1994 were the
lowest since the series was first set in 1953, averaging 10.1 (SE = 2.24) per net. Catch
rates exhibited a slightly increasing trend through 1998, then more than doubled to 46.7
(SE = 10.34) yellow perch per net in 1999 (Figure 6). CPUE of yellow perch in this
netting series differed significantly among years (ANOVA; P <0.001). Net catch rates of
yellow perch in 1999 were significantly higher than all other years of the study period
{Tukey; P < 0.05); other years did not differ significantly (Tukey; P > 0.05). The relative
contribution of yellow perch to the overall catch in this series was much reduced in the
1994 through 1998 sampling, but attained levels in 1999 (56.4%) comparable to the
historic high proportion in 1968 (57.7%; Table 2).

Length-frequency distributions of yellow perch sampled in the sinking net series

from 1994 through 1998 indicated a relatively uniform distribution of size classes. A



36

‘C661 PUR Ho6] SUUNINE “URIUOIN ‘TIOAISIY AND]
uoAue)) ut o4s[fem BunsBie [jeoyroods (pazipiepue)s-uou) sjou [J18 ul pardues ysiy Jo (S 1+) Ioqunu uesjy ¢ 2and]

(AS 1+) 19U Jod J0qUUNU UBSJA]

7 OKdf[e M
7 Inon moqurey

1 IN0I} Umoag

oxons YA

I9ONs 9souIuo]

7| usyoNyM Ul
0 yotad mofe &

) 0and

B
e,

% dreo vowwoy
661 /

v661 7 qnuo el




1 7 L0 ¢ 71 199 vL 91 Tl v TOTED JO U
TZro Gro o Gro Gro @D G 1o (8o o)

S0 L1 0 80 0 89T ot 90 £e 01 Jsuy

£e 911 0T LS 122 78 1 Y07 41 £9¢ L9 89 L

Z 0t 0 g i 9Tl ¥ L L1 4 <8 G AON LT

9 | X4 i 1 4 £6 L 9 6 % <6 9 AON T1

Z 61 0 4 H el €1 8 i 8 06 9 AON 01

4 0t 1 g I 0Lt Ll S 51 S 06 9 ACN 60

1 ¥ L 81 1 901 S 4 81t 1 $6 9 AON 0

8 ¥ Z b4 I LET 5 ¥ Gt ¥ 1) 9 AON £0

9 L1 4 14 4 £eT 61 £ 9% 9 S0l 8 AON 1O

I 7 1 9 L 817 £Z T 81 6 gzl G PO IT

£ 9 0 A ¥ 60T 17 4 0z It ¢zl 9 12007

0 O 9 S o <1l 8 I 8 ¥ O€t 9 RO 61

Z £ 0 S ¥I S8l t Z £l £l gel 9 PO 8l

e e e —————— —

quip joqmng ysyayga  damo wyons myons yosod mon mox adarem {0 dusy sjell Jo Sitlel
i3] WA UOURIO)) 250UBTOT] AWM MO[PA TMoIg  moguiey INB M IDqIUnN

"BUBTUHON

‘N0AISSIY A9 uoAue)) ‘b6 umnmne Juunp d4ojem Suzedie] 198 s1ou (IS Surjuis ysaw-jeiuswnadxa ur pajdwes sanads
[ENPIAIPUI J0J §0JED [2101 JO Juaoniad pue ‘soyoled (<) UBSWI pUR [210} ‘S9yDieD JoU [enplAIpu! ‘uonewnioju Sudwes ¢ 9jqel



38

L0 68 [ 31 5’0 19 08 9T 541 ¥E OB JO i,
ooy (oye (01o) (6070} (900} e Gvo (oo (¢v 1o

0 0t 50 90 [AY ¥0T LT g0 [ay 't REL

cC 91¢ €S 29 61 9917 T8T LS 844 61T 901 TBI0L

0 ¥s ¥ 9 [4 SOt 8y I g L §9 9 2’ 1o

I €1 6 [4 0 LEY 44 S 14! [ gs ¥ AON 0t

[4 91 £ 1 0 L LT i L L oL 9 AN 61

L 54 L i1 0 S91 8F 81 0z 0l 08 9 AON 81

0 07 0 { I 611 A £ 9 £ 08 9 AON L1

0 [§3 0 9 1 801 ST | {1 6 08 9 AON 91

0 e 4 3 0 421 cl v 91 [4 06 9 AON €T

[4 0z £ 1 ¢ ¥6 [4] 14 €l [4 08 9 AON 1

I 11 [4 ¢ 0 66 I £ £l 4! 06 9 AON 60

0 ¢l i [ 0 £il (A i L L $'6 9 AON 90

[4 9 0 4 0 101 I [4 1z i <6 14 AON 50

I ¢ ¥ I 0 [R R T 0 91 £ $6 3 AON 10

I S 4 £ [4 IS [4 1 (43 I St ¥ PO 6T

i g £ 0 0 6y £ 4 8E 1 o1l ¥ PO 8T

0 £ I £ I LOY s £ %4 S 0el 9 1092

I 01 0 I [ 8T1 S 0 9t § oel 9 w0 §T

i £ [4 I 0 1€1 41 T 129 81 0Tt 9 RO ¥

[4 ol 4 8 £ £51 Zl I 144 1 oel 9 W0 0T

I L 0 I I LL L [4 81 s oel 14 WO 61

[ £ ¥ T I ¥0l1 14 £ 9z 6 0'¢l ¥ PO 81

g

quie  joqmg  YSIoIYM dieo Ijons  Iaons  yorad mon men  skaEm (o)dumy  spujo CITg)
ey mWH UOWIIOY) JSOUSUOT  IYM  MO[[PL  UMOIF  moquiey I9je M FAQUUTN]

"BUBIUOA]

‘ToAlRSYY AL UOAUR)) ‘G66[ Utunine Sutinp akafjesm SuneSie; jes sjou 18 Supjuis ysow-feiuswadxe ur pajdures sa10ads
[enpiAIpur 10§ {278 [£10} JO Jua01ad puk ‘sayoreo (5S) ULSW Pue (L0} SaY0IRD 19U [enplAIpYl ‘Uonewojul Sundweg g sjqe]



39

100

Sinking net series

LA ~3
< wh
I i

Mean number per net
A
Lh
}

1955 1958 1960 1964 1967 1968 1983 1984 1994 1995 1996 1997 1998 1999

2250
2000 Beach seine series
1750 —
1500
1250
1000
750 -

500 —

Mean number per seine

250

1991 1992 1993 1994 1995 1996 1997 1998 1999

Figure 6. Trends of yellow perch catch rates in standardized sampling series, Canyon
Ferry Reservoir, Montana. Sinking net series catch rates include all yellow perch sampled.
Beach seine series catch rates summarize catches of age-0 yellow perch. Vertical lines
represent +1 standard error.
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large cohort of smaller perch accounted for the sharp increase in the net catch rates in
1999 (Figure 7). Yellow perch sampled in this netting series in 1999 exhibited the lowest
median length (173 mm TL) and greatest size range (112 - 325 mm TL) observed during

this study (Table 7).

Table 7. Number sampled, median total length (TL), and range of yellow perch sampled
in sinking gill net series in Canyon Ferry Reservoir, Montana, 1994 - 1999,

Number Median TL Range
Year sampled {mm) (mm)
1994 334 208 132-292
1995 541 211 124 - 300
1996 566 176 124 - 297
1997 804 193 119-312
1998 587 185 127 -272
1999 1,541 173 112 -325

Gill net catch rates of yellow perch in the non-standardized netting in the spring of
1994 and autumns of 1994 and 1995 were much lower than the mean CPUE rates of
yellow perch in the sinking net series (i.e., summer sampling). Mean CPUE rates in the
non-standardized netting in autumns of 1994 and 1995 were consistent, averaging about ‘
three vellow perch per net (Figure 5). Catch rate of yellow perch in the spring 1994
walleye netting was similar to those observed in the autumn 1994 and 1995 sampling
(Tables 5, 6, 8).

Yellow perch production was variable during this study (Figure 6). Mean CPUE
rates of age-0 yellow perch ranged from 29.6 (SE = 12.90) per seine haul in 1994 to 561.9

(SE =216.47) in 1995 (Table 4). The 1994 catch rate was the lowest observed in the
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Figure 7. Length-frequency distributions (v median TL) of yellow perch sampled in
sinking gill net series, Canyon Ferry Reservoir, Montana, 1994 - 1999.
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beach seining series data set. The 1996 through 1999 seine CPUE rates were relatively

stable, averaging around 200 age-0 yellow perch per seine haul (Figure 6).

White Suckers

Mean CPUE rates of white suckers in the sinking net series changed little since
1964, averaging about 30 to 50 per net (Figure 8). Catch rates during this study remained
within that range until 1999, when they declined to 27.8 (SE = 2.17) white suckers per
net. Catches of white suckers in this netting series differed significantly among years
(ANOVA; P <0.001). White sucker CPUE was significantly less in 1999 than in the
earlier (1994 - 1996) years of the study (Tukey; P < 0.05); net catch rates of white suckers
did not differ significantly among years from 1994 to 1998 and from 1997 to 1999
(Tukey; P > 0.05). Relative contribution of white suckers to total number of fish sampled
in the sinking net series decreased from 68.6% in 1994 to 33.6% in 1999 (Table 2).

Length-frequency distributions of white suckers sampled in the sinking net series
indicated an apparent shift in the size structure of this population. There was a marked
decline in the number of smaller white suckers sampled in these nets during this study.
Net catches of white suckers less than 250 mm TL decreased from 20.8% of the total
catch in 1995 to 7.7% in 1999 (Figure 9). Median total length of white suckers sampled
in these nets showed an increasing trend during this study, although size ranges remained
consistent (Table 9).

Mean CPUE rates of white suckers in the non-standardized netting were lower

than those observed in the sinking net series (Tables 2, 5, 6, 8). Catch rates were lowest
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Figure 8. Trends of white sucker catch rates in standardized sampling series, Canyon
Ferry Reservoir, Montana. Sinking net series catch rates include all white suckers
sampled. Beach seine series catch rates summarize catches of age-0 white suckers.
Vertical lines represent +1 standard error.
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Figure 9. Length-frequency distributions (¥ median TL) of white suckers sampled in
sinking gill net series, Canyon Ferry Reservoir, Montana, 1994 - 1999.
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Table 9. Number sampled, median total length (TL), and range of white suckers sampled
in sinking gill net series in Canyon Ferry Reservoir, Montana, 1994 - 1999.

Number Median TL Range
Year sampled {mm) (mm)
1594 1,471 338 155-490
1995 : 1,512 343 150 - 500
1996 1,531 340 155 -488
1997 1,198 335 160 - 487
1998 1,194 349 160 - 480
1999 919 353 155 - 477

in the netting completed in the spring of 1994, averaging 13.9 (SE = 1.02) white suckers
per net. There was a decline in white sucker catch rates in the non-standardized netting in
autumn 1995 relative to autumn 1994 (Figure 35).

Annual production of age-0 suckers spp. from 1994 to 1999 was relatively
consistent and comparable to previous data (Figure 8). Mean CPUE rates of age-0 sucker
spp. ranged from 100.9 (SE = 27.11) per seine haul in 1995 to 325.0 (SE=94.97} in
1996. This catch rate is the highest recorded for age-0 sucker spp. in the beach seine data

set (Table 4).

Rainbow Trout

Rainbow trout catch rates were stable in the sinking net series during this study,
but generally higher than historic catches (Figure 10). Mean CPUE rates ranged from 1.1
(SE = 0.45) rainbow trout per net in 1998 to 2.7 (SE = 0.37) in 1994 and 2.7 (SE = 0.97)
per net in 1996 (Table 2). Mean catch rates of rainbow trout in the floating net series

were similar each year of the study, except in autumn 1994 (Figure 10). Catch rates in
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Figure 10. Trends of rainbow trout catch rates in standardized sinking and floating net
series, Canyon Ferry Reservoir, Montana. Vertical lines represent +1 standard error.
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autumn 1994 were the highest ever observed in this netting series, averaging 23.1
(SE = 4.54) rainbow trout per net (Table 3). Rainbow trout were the primary species
sampled in the floating net series, accounting for between 48% and 93% of all fish

sampled in these nets each year of this study (Table 3).

Brown Trout

Mean CPUE rates of brown trout in the sinking net series were much reduced
during this study relative to historic data (Figure 11). Additionally, catch rates exhibited
a continued declining trend in these nets from 0.8 (SE = 0.21) brown trout per net in 1994
to 0.2 (SE=0.10) in 1999 (Table 2). This decline was mirrored in the spring component
of the floating net series beginning in the early 1990s and continued through 1999
(Figure 11). Brown trout accounted for 1% or less of the total catch in the sinking net

series during this study, but up to 6% of the total catch in the floating net series

(Tables 2, 3).

Other Species

Other fishes sampled in the sinking net and floating net series included longnose
sucker, common carp, mountain whitefish, burbot, Utah chub, and stonecat (Tables 2, 3).

Cyprinids sampled in the beach seine series were common carp, Utah chub,
longnose dace, and fathead minnow. Catches of these less abundant species were
combined (as "cyprinids") for analysis. Catch rates of cyprinids were low throughout the

study (Figure 12); the highest mean catch rate observed was 9.1 (SE = 4.01) cyprinids per

seine in 1998.
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Figure 11. Trends of brown trout catch rates in standardized sinking and floating net
series, Canyon Ferry Reservoir, Montana. Vertical lines represent +1 standard error.



50

i4

12 4

10

Mean number per seine (+1 SE)

1992 1993 1994 1995 1996 1997 1998 1999

Figure 12. Mean CPUE (+1 SE) of cyprinids {common carp, Utah chubs, longnose
dace, and fathead minnows) sampled in beach seine series, Canyon Ferry Reservoir,
Montana, 1992 - 1999,
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Several age-0 smallmouth bass were sampled in the beach seine series each year
of this study except 1995: 17 were sampled in 1994, three in 1996, five in 1997, eight in
1998, and one in 1999. Age-0 smallmouth bass averaged 53 mm TL (range 30 - 77,

SD = 15.4). These were the first smallmouth bass sampled in Canyon Ferry Reservoir
and were the result of an illegal introduction.

A single age-0 bluegill was sampled in the beach seine series on the north end of
Canyon Ferry in 1998. Bandow (1969) reported bluegill in Canyon Ferry, but this was
unsubstantiated. This is the first documentation by MFWP of their presence in the
reservoir. Their origin is unknown, but likely the result of an illegal introduction or

invasion from the Three Forks ponds via the Missouri River.

Walleve Population Characteristics

Length and Weight Statistics

Walleye ranging from small fingerlings to very large adults were sampled each
year of the study (Table 10; Figure 13). Because sampling techniques and seasonality of
sampling often differed, length and weight data are not comparable among years. The
largest walleye were sampled in spring 1997. Five female walleye larger than the current
Montana state record (7,430 g) were sampled on ﬂle spawning area. The largest weighed
9,185 g, exceeding the state record by 1,735 g.

Lengths and weights of walleye were correlated (P < 0.001; Figure 14) as
described by the following length-weight relationship:

log, W =-5.7832 + 3.3108 log,,L.
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Figure 14. Tétal length-weight (logarithmically transformed) relationship of walleye
sampled in Canyon Ferry Reservoir, Montana, 1994 - 1999.
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Table 10. Number sampled, median total lengths (TL) and ranges, and median weights
and ranges of walleye sampled in Canyon Ferry Reservoir, Montana, 1994 - 1999.

Number Median TL Range Median weight Range
Year sampled (mm) (mm) (g (g
1994 135 457 124 - 737 975 23 - 4,536
1995 165 358 109 - 757 490 14 - 5,035
1996 170 589 132-775 2,461 14 - 5,307
1997 525 574 127 - 866 2,359 14 - 9,185
1998 373 404 195 - 851 662 68 - 8,904
1999 233 472 160 - 800 1,111 45 - 6,636

The antilog of this equation yields:
W = (0.0000016)L.**'%

A slope greater than 3.0 generally infers that as fish grow they become heavier for their

length (Anderson and Neumann 1996).

Relative Stock Density

Incremental RSD values for walleye sampled during autumn 1994 and 1995 were
similar across all size categories (Figure 15). A sharp increase in RSD S-Q values
occurred in 1996 and 1997 with an associated decline in the proportion of RSD P-M
walleye in the population. The proportion of RSD Q-P walleye remained stable through
1997. A shift in the size structure of this population resulted in 1998 when RSD 5-Q
waileyé recruited into the RSD Q-P length group. The proportion of smaller walleye

(RSD S-Q) was further reduced in 1999 as RSD Q-P and RSD P-M walleye dominated
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the population {(Figure 15). Few RSD M-T and no RSD-T walleye were sampled during

autumn netting efforts, indicating the relative absence of larger fish in the population.

Age Data

Walleye were accurately aged using dorsal spine cross-sections and scales. Ages I
assigned compared favorably to ages determined by Paul Hamlin, MFWP, Great Falls,
MT. We agreed on 26 of 30 spine samples randomly selected for aging confirmation.
There was a one year disparity on all four samples that we differed on. Three of these
four differences occurred with juvenile walleye. I found younger walleye (age 0 to age 3)
were more easily aged with scales than spines. With the additional use of scale samples
corresponding to the respective spine sections, we agreed on 28 of 30 samples compared.

A single year class (produced in 1990) dominated the walleye spawning
population each year from 1994 to 1997. Age 4 was the most common age class sampled
on the spawning area in 1994, representing 50% of the total walleye catch (Figure 16).
Ages of adult walleye sampled during the spring 1994 spawning period ranged from 2 to
9 (n=42). No females were sampled. Age-6 walieye dominated the catch in spring
1996, comprising 45% of the spawning population. Ages of spawning walleye in 1996
ranged from 2 to 15 (n = 108). The two age-15 individuals sampled were males. Forty
percent of the age-6 walleye were females, indicating that they had recruited into the
spawning population since 1994 (Figure 16). A total of 302 adult walleye were sampled
in 1997, ranging from age 2 to age 16. The single age-16 male sampled was the oldest

walleye observed during the study. Age-7 walleye dominated the spawning population in
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1997, accounting for 42% of the walleye sampled. Younger year classes of walleye were
more prevalent in the spawning population in 1998 and 1999. More than 50% of the
walleye sampled in spring 1998 were either age 5 or age 6 (Figure 16). Spawning walleye
sampled during 1998 ranged from age 2 to age 13 (n=41). Younger walleye dominated
the spawning population in 1999. Individuals age 3 to age 5 accounted for more than
| 75% of the walleye sampled (n = 60). An age-14 male was the oldest walleye sampled in
spring 1999.

Female walleve generally spawned for the first time at age 5, and males at age 2 or
3 (Figure 16). A small (< 2%) number of females spawned at age 4 in 1996 and 1997. A
greater proportion of females spawned at age 4 in 1998 (7%) and 1999 (15%), but this
may be an artifact of the small sample sizes.

Age-1 and age-2 walleye dominated the autumn net catches each year through
1998 (Figure 17). Combined relative strengths of these age classes ranged from 95% of
all walleye sampled in both 1997 and 1998 to 66% in 1995. In 1999 sampling, age-1
walleye were nearly absent. Net catches were dominated by age-2 and age-3 individuals.
Walleye ages ranged from 0 to 9 in the autumn sampling. Although older walleye were
never commonly sampled in these nets, individuals older than age 3 were nearly absent in
the 1997 and 1998 sampling (Figure 17). Becausé age-0 walleye were not fully recruited
into the experimental-mesh nets by autumn, these data do not accurately reflect their
relative abundance.

Walleye produced in 1990 formed the dominant year class of the spawning

population, accounting for 37% of the 553 walleye sampled in the spring during this



59

100

i 1994
n=67

1995
n=119

1996
n=32

1997
n=131

Relative frequency (%)

. 1998
n=156

_ 1999
n=97

Age (years)

Figure 17. Relative frequency (%) of individual age classes of walleye sampled during
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study (Figure 18). Walleye from the 1995 to 1998 year classes were not fully recruited
into the spawning population by 1999 and are not accurately represented in these data.

The strongest year class evident in the autumn netting was produced in 1996,
representing 36% of all walleye sampled (Figure 18). The dominant year class (1990} in
the spawning population was not prominent in the autumn sampling. Pre-1996 data

indicated steadily increasing recruitment since the late 1980s (Figure 18).

Growth Rates

Back-calculation of lengths at age was possible using walleye dorsal spine
sections because spine radius was linearly related (r* = 0.88, P < 0.001) to total length of
walleye (Figure 19). Total lengths at age I determined for study walleye were similar
among individual sample years (Tables 11 - 13). Back-calculated lengths at age did not
differ significantly among sampling years except for age-2 data. Lengths calculated for
age-2 walleye sampled in 1995 were significantly less than those calculated for walleye
sampled in 1994 and 1996 (Tukey; P < 0.05). Overall mean back-calculated lengths at
age for Canyon Ferry walleye age 1 through age 11 indicated they continued to grow

throughout their lives (Table 14; Figure 20).

Walleye sampled in this study exhibited fastest growth in their second and third
years. Annual growth increments, as determined from the grand mean of back-calculated
lengths at age, were 93 mm in their second (between age 1 and age 2) growing season and
98 mm in their third (between age 2 and age 3). Growth rates decreased as walleye aged

(Table 14; Figure 21).
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Initial growth patterns for the three 1981 year-class walleye sampled were much
different than those determined for the 1985 through 1995 year classes (Table 15). The
second year (age 1 to 2) growth increments for the 1981 year-class walleye were less than
one-half of the mean growth observed for the other walleye sampled during this study.
These walleye did eventually attain growth rates similar to or higher than the younger

year classes—one in its second growing season and the other two in their third

{(Figure 21).
Relative Weight

Mean W, of walleye sampled in autumn netting were near or above 100% across
all length groups. Generally, /¥, increased with increasing RSD length groups (Figure
22). There were significant differences in mean #, for S-Q walleye (ANOVA;

P <0.001), Q-P walleye (ANOVA; P = 0.002), and P-M walleye (ANOVA; P = 0.023)
among years.

W, of 8-Q walleye sampled in 1997 (mean = 95, SD = 6.1) was the lowest
observed during autumn sampling and was significantly lower than those observed for
S-Q walleye all other years except 1999 (Tukey; P <0.05). In 1994, ¥, of Q-P walleye
(mean = 109, SD = 10.8) was significantly higher than Q-P walleye in 1997 and 1998
(Tukey; P <0.05). W, of P-M walleye sampled in 1995 (mean = 113, 5D = 13.7) was
significantly higher than P-M walleye in 1999 (Tukey; P <0.05). I did not include 1997
and 1998 P-M data in the statistical compéxisons because of small sample sizes (n =3

both years). There was no significant difference in mean W, of M-T walleye sampled in
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Mean relative weight % (+1 SD)
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Figure 22. Mean relative weights (+1 SD) for relative stock density length groups of
walleye sampled in experimental-mesh gill nets in autumns of 1994 - 1999 in Canyon

Ferry Reservoir, Montana.
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1994 and 1995 (ANOVA; P = 0.337), the only two years this length group was
represented in autumn netting. In 1995, M-T walleye exhibited the highest /¥, observed

in autumn sampling (mean = 123, SD = 13.5; Figure 22).

Food Habits

Suckers were present in nearly 60% of the walleye stomachs examined in 1994
{(n = 66) and accounted for over 60% of their total diet by weight and 50% by number.
Yellow perch were of secondary importance, occurring in 23% of the stomachs examined
and contributing about 20% of total diet by weight and number. Rainbow trout accounted
for about 10% of diet by weight, 5% by number, and occurred in 5% of the stomachs
examined (Figure 23). Walleye stomachs examined in 1995 exhibited similar proportions
of the major prey items as was observed in 1994, except rainbow trout were essentially
absent (0.9% frequency of occurrence, 0.3% by weight; Figure 24).

The number of walleye stomachs that contained yellow perch increased in 1996
(50.9% frequency of occurrence) relative to 1994 and 1995. There was a corresponding
decrease in the occurrence of suckers (Figure 24). The relative number of yellow perch
consumed by walleye increased to over 40% of all prey items in 1996, but accounted for
only 14% of diet by weight. Suckers were the dominant prey item by weight (Figure 25).
Rainbow trout accounted for about 25% of the diet by weight in 1996. However, gill
netting specifically targeting walleye was completed in late May and early June. Fifteen
walleye were sampled in this special netting. Of the 13 walleye that contained food

items, rainbow trout were found in five.
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The shift in the importance of yellow perch as walleye forage that began in 1996
was clearly evidenced in their 1997, 1998, and 1999 food habits (Figures 26 - 28).
Yellow perch was the predominant prey item found in walleye stomachs during this time
period. Concurrently, the occurrence and relative importance of suckers as prey declined
(Figure 29). Rainbow trout were the second most important prey item (by weight) of
walleye in 1997 and 1998, but were absent in walleye stomachs in 1999 (Figures 26 - 28).
Mottled sculpins, walleye, burbot, common carp, Utah chubs, longnose dace, crayfish,
invertebrates (diptera larvae), and unidentified fish were other prey items less commonly

observed in walleye stomachs. Vegetation and pebbles were categorized as 'other'.
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DISCUSSION

In 1994, at the onset of this research, the status of walleye in Canyon Ferry
Reservoir was unknown. The rapid development of this population during this study has
been remarkable, Walleye are now firmly established and commonly sampled in all
standardized netting surveys completed in the reservoir. Additionally, in 1996 walleye
became a component of the reservoir's recreational fishery when they were first
documented in MFWP's creel census efforts. This is notable because summer and winter
angler creel surveys have been conducted annually on Canyon Ferry since 1986. MFWP
completed nearly 28,000 angler interviews on the reservoir prior to 1996; not a single
walleye was ever reported (Lere 1992; MFWP, unpublished data).

The sampling of walleye in each of MFWP's standardized netting series during
this study clearly indicated they are a recent addition to the Canyon Ferry fish
assemblage. The strongest evidence of this was their first appearance in the sinking net
series in 1994. This netting series provides excellent historical fish trend data, dating
back to when the reservoir first filled in 1955. Initially, I was suspicious of the
effectiveness of this series in sampling walleye. Certain net sites were located in
profundal areas of the reservoir at depths greater (> 15 m) than those generally preferred
by walleye (Colby et al. 1979). The relatively few walleye observed in this netting series
during the first three years of this study heightened those suspicions (Figure 3).
However, other sampling I completed during those years confirmed the relatively low

abundance of walleye in the reservoir at that time. Intensive gill netting I completed in
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autumns of 1994 and 1995 specifically targeted walleye. Nets were set in areas used by
telemeterized walleye and were my best effort at sampling them. Both years, gill net
CPUE rates averaged one walleye per net (Figure 5).

The walleye populaticn in Holter Reservoir has been described as low density
(Colby and Hunter 1989). Standardized sinking gill net catches historically averaged
about three walleye per net (Lere 1992; Skaar and Humphrey 1995). Comparing Holter's
net catch rates with those I observed in the sinking net series (< 0.5 walleye per net)
during the first three years of this study characterized the low abundance of walleye in
Canyon Ferry at that time. The relatively few individuals observed in nets in 1994, 1995,
and 1996 confirmed the sensitivity of this netting series in sampling walleye when they
were not very abundant. It is likely walleye would have been observed in the sinking net .
series prior to this study if they were present in the reservoir.

Age and growth of Canyon Ferry walleye provided insight into the development
of this population. However, the accuracy of techniques used to analyze these data
dictate their value in describing these characteristics. The use of dorsal spine cross-
sections to age walleye has been well supported in other studies (Carnevale 1977,
Campbell and Babaluk 1979; Belanger and Hogler 1982; Erickson 1983; Marwitz and
Hubert 1995) and was validated by Schram {1989.)* I found spine cross-sections easy to
read, particularly on older fish. Marwitz and Hubert (1995) recommended against the use
of scales to age walleye because of indistinct annuli. Carnevale (1977) and Erickson
{1983) reported the ease of aging younger, fast growing walleye with scales. Scales |

viewed from younger (< age-4) walleye exhibited distinct annuli and were easily aged.
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Consequently, I used scales in the later years of the study to age younger walleye because
of their ease of preparation. Ages I determined for walleye using dorsal spines and scales
were consistent with those of an independent reader, thus confirming the precision of
ages | assigned during this study. Francis (1990} encouraged the use of appropriate back-
calculation techniques and emphasized their validation based on comparisons of
individual fish. I used the Whitney-Carlander (1956) "body proportional” back-
calculation technique as revised in Francis' (1990) critical review. However, validation of
this method for individual Canyon Ferry walleye was beyond the scope of this study.
This is a limitation of my study, as the use of dorsal spine cross-sections to back-calculate
lengths at age has not been validated in the scientific literature. However, the strongly
correlated, statistically significant (= 0.88; P < 0.001) spine radius to total length
relationship I determined for Canyon Ferry walleye supported the use of spine cross-
sections to back-calculate lengths at age and growth rates. Back-calculated lengths at age
that I determined were similar to lengths at capture of walleye sampled in the spring near
time of annulus formation in late May / early June. This study substantiates the use of
dorsal spine cross-sections to determine age, back-calculated lengths at age, and growth
rates of walleye.

The age structure of walleye sampled in f:ﬁe sinking net and walleye netting series
indicated this population is young and developing rapidly. Beginning in 1997, walleye
catches in both netting series were dominated by a strong year class produced in 1996. A
similarly strong year class produced in 1997 appeared in the nets in 1998. The

combination of these two year classes resulted in sharp increases in the number of
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walleye sampled in these nets relative to what was observed during the earlier years of the
study (Figures 3, 4). Few older-aged (> age-4) walleye were sampled in either of these
netting series, indicating their relative absence in the population (Figure 4).

The production of strong year classes in 1996 and 1997 was precipitated by the
full recruitment of the 1990 year class into the walleye spawning population. This year
class dominated the spawning population throughout the study, accounting for nearly one-
third of all adult walleye sampled during the spawning period (Figure 18). During this
study, male walleye sexually matured by age 3 and females by age 5. Thus, it was not
until 1995 that the majority of the females from the strong 1990 year class spawned for
the first time.

Further evidence of the relative youth of this population was the absence of older
walleye in the spawning population during the early years of this study. Walleye are a
long-lived species. Individuals as old as 28 years have been reported (Colby and Nepszy
1981), but maximum ages of walleye are typically 12 to 15 years in the northern limits of
their range (Colby et al. 1979). Generally, fast growing walleye populations that mature
at younger ages do not live as long as slower growing populations (Hackney and
Holbrook 1978; Colby et al. 1979). Marwitz (1994) documented walleye as old as 16
years in Seminoe Reservoir, Wyoming. Similarlj, walleye up to 16 years of age have
been observed in Holter Reservoir (T. Humphrey, MFWP, personal communication).

The oldest individual I sampled from the spawning population during 1994 was age 9,
thus produced in 1985. In subsequent years of the study, 1985 was the oldest year class

consistently represented in the Canyon Ferry population. This was evidenced by the large
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number of adults sampled during the 1996 (n = 108) and 1997 (n = 302) spawning
seasons. Individuals from the 1985 year class continued to be represented in the
spawning population in 1999 at age 14 (Figure 16). This suggests that Canyon Ferry
walleye will likely be as long-lived as walleye in other western waters.

The oldest walleye sampled during this study were of suspect origin. Three 1981
year-class walleye exhibited very different growth patterns relative to the coésistenf
growth observed in the younger members of the population. Their initial growth was
much reduced, but then rapidly increased in subsequent years to levels similar to or
higher than those determined for the 1985 to 1995 year classes (Figure 21). Whereas the
uniform growth exhibited by the 1985 to 1995 year classes indicated they were produced
in Canyon Ferry, the unusual growth patterns of the 1981 year class suggested they were
not. This is based on the assumption that changes in environmental conditions did not
result in reduced growth. Reservoir elevations in 1981 did not vary much from elevations
observed during this study (USBOR 2000). Water and air temperature data was not
available for 1981, but likely did not differ enough to cause such reduced initial growth.
Thus, the 1981 year-class walleye possibly were introduced into the reservoir as
juveniles, then flourished in their new environment. Although speculative based on only
three fish, other findings of this study also iadicatéd this population was in a developing
stage in the early 1980s. Age data indicated there was a gap in year class representation
from 1982 to 1984. Ofthe 1,601 walleye sampled during this study, none were produced

during those years. Established populations typically exhibit annual recruitment. The
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absence of those year classes indicated that walleye recruitment did not occur in the
reservoir until the introduced juvenile walleye matured sexually.

Growth rates I determined for Canyon Ferry walleye were among the highest
observed in North American stocks. Back-calculated mean total lengths at age were
similar to walleye in southern reservoirs and exceeded those of other western waters (by
38% at age one to 2% by age seven; Figure 30). Kitchell et al. (1977) and Colby et al.
(1979) identified water temperature and prey availability as the two most important
factors regulating walleye growth. Intuitively one would presume walleye growth to be
considerably higher in the warmer, southern waters of their range relative to Montana.
Ney (1978) and Colby et al. (1979) suggested that length of growing season influences
walleye growth rates. The south end of Canyon Ferry provides a unique growing
environment for walleye. Its shallow depth, turbidity, and river inflows result in warmer
water temperatures earlier in the year relative to other portions of the reservoir. The
physiological optimum temperature for walleye growth is 22.6 C (Craig 1987). Kelso
{1972) reported that walleye growth rates were highest at temperatures of 20 to 24 C.
Water temperatures in the south end of Canyon Ferry generally were within that range
from mid May through August. This warm water habitat provided post-spawn walleye
with an excellent growing environment and longef grower season relative to what was
available in other portions of the reservoir (Chapter 3).

The exceptional growth exhibited by Canyon Ferry walleye has been observed in
other newly expanding walleye populations. Initial periods of high growth were reported

in developing walleye populations in the North Platte River reservoirs in Wyoming
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(McMillan 1984; Marwitz 1994), Norris Reservoir in Tennessee (Eschmeyer and Jones
1941; Stroud 1949), and several southeastern reservoirs (Hackney and Holbrock 1978).
Nelson and Walburg (1977) noted that walleye growth declined markedly in Lake Francis
Case and Lake Oahe after rapid population expansion following the early yearé of
impoundment. The high growth observed in these populations was attributed to their
introduction into previously unexploited environments with abundant forage.
Subsequently, growth declined as these populations expanded and forage became
limiting. McMahon (1992) described this phenomenon as a 'boom and bust' phase.
Growth rates I determined for Canyon Ferry walleye did not show any decline. However,
these data should be considered pre-expansion or "boom' phase data, as they described the
population during the first three years of the study before walleye numbers increased
sharply.

The exceptional growth of Canyon Ferry walleye was substantiated by their I,
Positive correlations between W, and growth have been reported for largemouth bass
(Wege and Anderson 1978), northern pike (Willis 1989), and yellow perch (Willis et al.
1991). In contrast, Liao et al. (1995) could not relate ¥, and growth in pumpkinseed
Lepomis gibbosus nor golden shiner Notemigonus crysoleucas. Mean W, of Canyon
Ferry walleye sampled in autumn were near or abéve 100 for each RSD length group
during all years of the study (Figure 22). Anderson and Neuman (1996} suggested that a
mean I, of 100 over several size groups within a population may reflect ecological and

physiological optimality. However, Murphy et al. (1990) argued that because of the
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difficuity in defining a single optimum for any spécies, W, should only be considered a
benchmark for comparisons of populations.

There are no length associated biases with the W, equation developed for walleye
(Murphy et al. 1990). Thus, mean W, trends across RSD length groups may provide
insight into the ecological factors affecting specific sizes of fish within a population
(Wege and Anderson 1978; Murphy et al. 1990, 1991). The value of W, as a reliable
predictor of prey abundance and availability has been demonstrated by numerous studies
(Wege and Anderson 1978; Liao et al. 1995; Marwitz and Hubert 1997; Porath and Peters
1997). W, trends of Canyon Ferry walleye may have indicated changes in prey
availability. Generally, mean /¥, increased with increasing RSD length groups,
suggesting that suitable prey became more available as walleyes increased in length. In
contrast, the decrease in mean W, of Q-P and P-M walleye in the later years of the study
indicated prey may have become less available or suitable for those size groups. This
may have resulted from density dependent processes associated with the strong 1996 and
1?97 year classes. S-Q walleye exhibited the lowest mean W, and the greatest year-to-
year fluctuation of all length groups. Smaller-sized walleye are obligated to prey on age 0
or juvenile fish because of gape limitations (Craig 1987; Madenjian 1991). Porath and
Peters (1997) suggested year class strength of prey species may be easily monitored by
following W, of smaller walleye. Applied to Canyon Ferry, W, of 5-Q walleye may have
indicated poor yellow perch and sucker recruitment in 1997 and 1999.

Suckers and vellow perch were the predominant prey of Canyon Ferry walleye.

Certain studies have demonstrated species-specific prey selection by walleye irrespective
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of abundance (Davis 1975; Wolfort and Bur 1992; Bolding et al. 1998). Hartman and
Margraf (1992) found walleye diets in western Lake Erie reflected prey fish abundances,
whereas Knight et al. (1984) determined it was a combination of both prey preference and
abundance that defined walleye diet. McMahon (1992) predicted that suckers and yellow
perch would provide most of the forage base for walleye in Canyon Ferry based on their
relative abundances in gill net catches. Canyon Ferry does not support a diverse prey fish
assemblage; walleye were obligated to feed on the most abundant prey species available
at suitable lengths rather than exhibit species-specific prey selectivity (Colby et al. 1979).

The combined contribution by weight of suckers and yellow perch to diets of
walleye was relatively consistent throughout the study. However, there was a complete
shift in the individual contribution of each of these prey fish from 1994 to 1999. Suckers
were the dominant prey item initially, but by 1999 walleye were feeding almost
exclusively on yellow perch (Figure 29). Although I did not analyze size of yellow perch
consumed by walleye, a qualitative assessment indicated that most were age 0. Relative
abundances of age-0 suckers and yellow perch in beach seine sampling did not reflect
these changes in diet. Griswold and Bjornn (1989) found beach seining to be an
effective technique for monitoring year-class strength of yellow perch in Cascade
Reservoir, Idaho. Thus far, Canyon Ferry data hﬁs not demonstrated a correlation
between seine CPUE and year class strength of yellow perch.

The cause of the shift in walleye diet was not apparent until 1999 when a strong
cohort of small perch first appeared in the sinking net series (Figure 7). Lengths-at-age of

Canyon Ferry perch reported by Bandow (1969) and Lere (1992) indicated this cohort
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was age 3 and produced in 1996. Food habits of walleye in 1996 indicated that the
production of this year class initiated the prey shift. Perch were the dominant prey item
by number in walleye diets that year, but only accounted for about 15% of their diet by
weight (Figure 25). This indicated that walleye were feeding on smaller-sized perch,
likely age 0.

Food habits and W, of walleye suggested that substantial yellow perch production
occurred in at least one of the later years of the study. The length of prey consumed by
walleye averages 28% of their body length (Parsons 1971; Nielsen 1980). Assuming this
average is valid for Canyon Ferry walleye, by 1998 perch produced in 1996 were too
large to be effectively preyed on by most walleye in the population. However, the
condition of S-Q and Q-P walleye remained excellent (as evidenced by W, values) in
1998 and perch continued to be the dominant food item in their diets. This indicated that
adequate numbers of perch were produced subsequent to 1996, although beach seine
catches did not reflect any changes in abundances.

These findings suggest that detailed walleye diet analysis coupled with W, data
might provide an indirect method of assessing production of prey fishes as an alternative
to beach seining. This assessment would require a more comprehensive diet analysis than
what I completed during this study. Quantifying éeasonai type and size of prey selected
by individual walleye length groups and their associated #, might help define relative
year class strength of individual prey species.

Historic data indicated that the majority of the white sucker biomass in Canyon

Ferry was tied up in large, long-lived adults. The relatively few smaller, prey-sized
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individuals in this 'top heavy' population precluded its potential to provide a sustainable
forage base for walleye. The recent declining trend of white suckers in the sinking net
series suggested that walleye predation may already be affecting this population. This
decline was most evident in the smaller size groups. Walleye predation may be cropping
the smaller individuals, thus limiting their recruitment into the larger size groups. Similar
declines in white sucker populations were observed in other Montana reservoirs
following the introduction of walleye. Walleye were introduced into Cooney Reservoir in
1984 to control an abundant white sucker population. Venditti (1994) found that by 1990
walleye predation eliminated recruitment of entire year classes of white suckers. He
projected thaf white suckers might be entirely eliminated from the reservoir by the late
1990s. Currently, white suckers still persist in the reservoir in low numbers, presumably
maintained by adults emigrating from tributary streams (M. Vaughn, MFWP, personal
communication). In Tiber Reservoir, white suckers accounted for up to 85% of fish
sampled in netting surveys before walleye were introduced in 1971. Net catches of white
suckers have been variable since walleye were introduced, but demonstrated a declining
trend (Colby and Hunter 1989). In gill net sampling completed in 1996, white suckers
accounted for just 17% of the catch. Only larger individuals were Sampled, raﬁging in
size from 373 to 505 mm TL (Hill et al. 1997).

Rainbow trout were the third most common prey of walleye, though much less
prevalent than yellow perch and suckers. However, this data was somewhat biased.
Most walleye diet samples were collected in July, August, and September when

standardized sampling was completed. Rainbow trout are probably most vulnerable to
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predation at time of stocking, which typically occurs in May at Canyon Ferry. McMillan
(1984) reported that most of the rainbow trout planted in Seminoe Reservoir, Wyoming,
were consumed by walleye within weeks of stocking. Netting I completed in 1996 during
the stocking period indicated that walleye preyed on recently planted rainbow trout; five
of the 13 stomachs with food items contained rainbow trout. Although some level of
rainbow trout predation was certainly occurring, it was not intense enough to negatively
affect the population. Standardized gill net catches and angler catch rates of rainbow
trout remained consistent throughout this study.

The light predation pressure on rainbow trout can be partly attributed to the
relatively small number of large walleye in the population. Rainbow trout are stocked
into Canyon Ferry as yearlings; most were too large to be effectively preyed on by the
younger year classes of walleye that dominated the population. However, significant
walleye predation will likely occur in the next few years as the 1996 and 1997 year
classes attain sizes that can efficiently use these hatchery plants. This predation pressure
will be exacerbated by the continued stocking of rainbow trout in May. This is the post-
spawn period for Canyon Ferry walleye, a time when food demands are very high and
age-0 prey fish are not yet available to provide an abundant alternative forage base
{Kelso 1673).

The paucity of other prey items in the diets of walleye was indicative of the
limited forage base available in Canyon Ferry. This lack of diversity is characteristic of
western reservoirs, which typically start with simple endemic species assemblages pre-

impoundment (Wydoski and Bennett 1981). It is likely some of these other species
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(e.g., mottled sculpin, longnose dace, and crayfish) will become more important prey
items for walleye if yellow perch, suckers, and rainbow trout become less available.
Their sustainability is doubtful; beach seine and gill net catches indicated that none of
these species are very abundant, nor are they very fecund based on their life history. The
value of these other species as forage has not been widely reported in the literature.
McMillan (1984) reported walleye preyed on carp and crayfish in Seminoe Reservoir,
Wyoming, after other forage was no longer available. The carp population in Canyon
Ferry is primarily composed of large, long-lived individuals and likely will not be of
much value as alternative forage for walleye.

The results of this study supported several of McMahon's (1992) conclusions in
his risk assessment evaluating the potential introduction of walleye into Canyon Ferry
Reservoir. Walleye have developed into a self-sustaining population with demonstrated
high reproductive potential. A relatively small number of adult walleye produced strong
year classes in 1996 and 1997. Gill net catches of those adults averaged about one
walleye per net in 1994 and 1995. The resulting 1996 and 1997 year classes averaged
over 10 walleye per net in the walleye netting series in 1998. This net CPUE was higher
than those observed in most other established walleye fisheries in Montana (MFWP
2000). The development of the Canyon Ferry waileye population had entered the "boom’
phase predicted by McMahon (1992). The existing potential for much greater population
expansion may be realized in the immediate future, after the ferale component of the

1996 and 1997 vear classes is fully recruited into the spawning population beginning in

2001 and 2002.
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Walleye food habits I described during this study agreed with McMahon's (1992)
predictions on forage availability and use by walleye in Canyon Ferry. Suckers, yellow
perch, and rainbow trout provided the bulk of the walleye diet. Heavy walleye predation
of suckers was short-lived; a population decline and shift in size distribution was already
evident. Excellent production of yellow perch in the later years of the study provided an
abundant forage base for walleye and likely helped buffer predation of stocked rainbow
trout. The 1ohg~tenn sustainability of yellow perch as a stable prey base for Waileye is
unlikely. Historic net catches and data collected during this study indicated wide
fluctuations in perch recruitment. It is probable that variable yellow perch recruitment
will continue in the future. Future declines in available yellow perch and the increasing
sizes of the 1996 and 1997 year classes of walleye will likely lead to increased predation
pressure on rainbow trout in the next several years.

Lastly, McMahon (1992) predicted that substantial downstream movement of
walleye could be expected from Canyon Ferry into Hauser and Holter reservoirs during
high water years. Record high discharges coupled with the strong year classes of walleye
in Canyon Ferry resulted in large numbers of walleye being flushed into both Hauser and
Holter reservoirs in 1997. Although both reservoirs historically supported low level
walleye populations, angler catch rates and gill nei catches of walleye have increased to
record levels since 1997 (S. Dalbey, MEWP, personal communication).

In 1998, MFWP initiated the development of a fisheries managemenf plan to
address the system-wide effects of the expanding Canyon Ferry walleye population. This

ten-year (2000 - 2009) plan incorporated the entire reservoir / river complex. The
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principal objective adopted in the plan was to manage the system as a "high quality, cost-
effective, multi-species fishery with high levels of angler satisfaction” (MFWP 2000).
This plan formally recognized walleye as a permanent component of the Canyon Ferry
Reservoir fisheries community. Findings of this study will provide a benchmark for the

continued monitoring of the expansion of the Canyon Ferry walleye population and any

changes in existing fisheries.

Management Recommendations

The maintenance ?f an adequate forage base for walleye is likely to be the greatest |
challenge in managing for a multi-species fishery in Canyon Ferry. An eventual forage
depletion seems certain given the variable recruitment of yellow perch and the high
reproductive potential exhibited by this walleye population. A growing contingent of
walleye anglers and political pressure will preclude MFWP from not considering
potential forage fish introductions to restore a declining walleye fishery. Irecommend
that MFWP take proactive measures to address this issue. An environmental assessment
should be prepared evaluating the potential introduction of various forage fishes into
Canyon Ferry. This will encourage open communication about this issue and provide a
solid foundation in which to address it in the futufe. Concurrently, greater emphasis
should be directed towards understanding yeliow perch population dynamics. Little is
currently known about the reservoir's yellow perch population outside of age and growth
data and general trend information. When environmental conditions are right, perch can

be tremendously productive and support a sizeable walleye population, as demonstrated
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in the later years of this study. A better understanding of yellow perch population
dynarnicé would be invaluable in developing possible management strategies to provide
more consistent perch recruitment. Because of their importance as both a sport and
forage fish, MFWP should prioritize funding for a graduate research project studying
yellow perch population dynamics in Canyon Ferry Reservoir.

Substantial walleye predation of rainbow trout could occur beginning in 2000.
The 1996 and 1997 year classes of walleye are attaining sizes that can effectively prey on
the yearling rainbow trout currently being stocked into Canyon Ferry. Wyoming Game
and Fish Department recently completed a comprehensive study on the North Platte River
reservoirs evaluating which rainbow trout stocking variables (e.g., strain, season of
stocking, size at stocking) maximized angler catch in the presence of Wailreye (Mavrakis
and Yule 1998; Yule et al. 2000). The Wyoming study found that autumn plants of
rainbow trout provided a substantially higher return to the creel than spring plants. It was
believed that the availability of alternative walleye forage in autumn and the added
growth of rainbow trout during winter reduced their vulnerability to predation (Yule et al.
2000). Because of the similarities between the North Platte reservoirs and the upper
Missouri River reservoirs, it is reasonable to assume that the results of this study have
applicability to Canyon Ferry. MFWP hatchery pérsonnel should evaluate the logistics of
autumn plants of rainbow trout and determine the feasibility of experimenting with small
Jots of these plants in the near future. Single and double tetracycline marks could be used

to differentiate between the two stocking seasons to facilitate evaluation.



99

Lastly and most importantly, historic data and data collected during this study
provide the baseline for this to be one of the best documented case histories on the effects
of a walleye introduction on salmonid fisheries in a reservoir / river system. The
continued comprehensive monitoring of the development and expansion of this walleye
population and the resulting system-wide effects should be a top priority for MFWP. The
recreational value of these fisheries and the level of public interest warrants the
commitment of a full-time biologist to this project. This will ensure that the current level
of attention dedicated to the management of this changing fishery is maintained, and that

data needs are met to implement the newly adopted management plan.
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CHAPTER 3

SEASONAL MOVEMENT AND HABITAT USE OF ADULT WALLEYE
IN CANYON FERRY RESERVOIR, MONTANA

INTRODUCTION

The advancement of undérwater biotelemetry techniques has provided researchers
with a useful tool for monitoring movements and habitat use of a variety of free-ranging
aquatic organisms (Winter 1996). Behavioral patterns, seasonal distributions,
movements, and habitat use of walleye Stizostedion vitreum have been widely studied
using ultrasonic telemetry (Kelso 1976; Pitlo 1978; Summers 1979; McConville and
Fossum 1981; Heidinger and Tetzlaff 1989; Prophet et al. 1989; Parks and Kraai 1991;
Binkley 1996; Williams 1997; DiStefano and Hiebert 2000).

There was no pre-existing information on the newly developing walleye
Stizostedion vitreum population in Canyon Ferry Reservoir. Prior to 1994, Montana Fish,
Wildlife and Parks (MFWP) personnel had sampled just 21 individuals in the reservoir. |
used ultrasonic telemetry to gain a basic understanding of seasonal distribution and
habitat use of adult walleye in Canyon Ferry. This information was essential for MFWP
to develop effective sampling techniques for monitoring different segments of this
population. Understanding the seasonal distribution of walleye was critical for

implementing population control or eradication measures as mandated in the reservoir's
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fisheries management plan (MFWP 1992). Special effort was directed at identifying
walleye spawning areas. Walleye exhibit fidelity to specific spawning sites (Olson et al.
1978; Colby et al. 1979; Craig 1987). The identification of these spawning areas was
critical if MFWP was to effectively remove adult walleye from Canyon Ferry. Specific
objectives of this study were to: 1) monitor seasonal distribution and movement of adult

walleye; 2) gain an understanding of general habitat preferences; and 3) identify walleye

spawning areas.
STUDY AREA

Canyon Ferry is the largest and uppermost impoundment of a three reservoir chain
including Hauser and Holter reservoirs on the upper Missouri River (Figure 31).
Impounded in 1954, it is located in Lewis & Clark and Broadwater counties in southwest
Montana. The upper end of the reservoir is located about 40 km downstream of the
origin of the Missouri River at the confluence of the Jefferson, Gallatin, and Madison
rivers near Three Forks, Montana., Canyon Ferry Dam is located on the north end of the
reservoir and is about 23 km east of Helena, Montana. The United States Bureau of
Reclamation (BOR) operates Canyon Ferry as a water storage reservoir and regulates
water levels for flood control, irrigation, municipaﬂ water supply, power production, and
recreation. Because it is a storage reservoir, it controls the flow regime of the two lower,

run-of-the-river reservoirs (Hauser and Holter) and the Missouri River below Holter

Dam.
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Figure 31. Map of Canyon Ferry Reservoir, Montana, showing downstream Hauser and Holter
reservoirs and associated damns.
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Canyon Ferry has an elevation at full-pool of 1158 m, surface area of 14,238 ha,
and storage capacity of 2.53 x 10° m®. The reservoir is 40.2 km long and has a maximum
width of 7.2 km (Rada and Wright 1979). Canyon Ferry's total shore length is about 122
km and has a shoreline development factor of 2.9 (Rada 1974). It has mean and
maximum depths of 17.8 m and 50.1 m, respectively. The annual drawdown is about 3.6
m and hydraulic retention averages about 135 days, but can range from 50 to 200 days
depending on the flow regime and reservoir elevation (Priscu 1987). Canyon Ferry is a
productive reservoir and has been classified as slightly eutrophic (Rada and Wright 1979)
to hyper-eutrophic (Horn and Boehmke 1998) based on chlorophyll a and total
phosphorus values.

The reservoir's north and south ends contrast markedly. The broad, southern
(upper) portion of Canyon Ferry is characterized by relatively shallow (< 15 m), uniform
depths with gently sloping shorelines and few bays. Strong wind events are common on
this end of the reservoir, particularly during spring and autumn. The shoreline substrate
is mostly small cobble with localized areas of sand and mud; off-shore substrate is
predominately mud and silt deposited from the Missouri River. The north (lower) end of
Canyon Ferry is much narrower and deeper. It has numerous small bays with steeply
sloping, rocky shorelines, particularly off the poiﬁts of bays. There are also several rocky
islands on the north half of the reservoir, some of which are submerged when the
reservoir is at full-pool. Generally, there is greater habitat complexity on the north end of

the reservoir compared to the southern haif.
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Canyon Ferry Reservoir fills rapidly during spring run-off in late May and June,
reaches its maximum storage in July, then gradually is drawn down to minimum storage
levels by the following spring. The Missouri River provides nearly all water input into
the reservoir except for a few small perennial tributaries (Duck, Confederate, Beaver, and
Magpie creeks) that contribute only minimal inflow. Most water discharge at the dam
occurs through three 4.1-m diameter power penstocks at a depth of 28 m. Additional
water is released at a depth of 33 m into a pump intake to supply the Helena Valley
Regulating Reservoir with irrigation and municipal water. During spring run-off when
discharge exceeds the capacity of the power penstocks, excess water is released through
four radial gates at the surface and through four 2.1-m diameter river outlets at a depth of
44 m.

The upper end of Canyon Ferry does not stratify because of shallow depths, strong
wind activity, and the influence of the Missouri River. The mid and lower portions of the
reservoir develop a weak thermoclipe during the summer, generally at a depth of 12 to 25
m (Horn and Boehmke 1998). It is a dimictic reservoir, turning over in early to mid-
October and again in the spring at ice-out. Canyon Ferry is typically ice covered from
mid-December through March. The shallower, upper end of the resérvoir is the first area
to ice-up and is the first portion of the reservoir tovbecome ice-free in the spring, in part

because of the warmer water inflows from the Missouri River.
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METHODS

lleye 1i
Experimental-mesh sinking gill nets were set specifically targeting adult walleye
to implant with ultrasonic transmitters (model CHP-87-M, Sonotronic;s Inc., Tucson,
Arizona) during the spring of 1994 and autumns of 1994 and 1995 (Chapter 2). Care was
taken to implant only healthy individuals that experienced minimal stress in the nets.

Generally, this involved larger fish that were only "tooth caught” in the smaller mesh

sizes of the nets.

Surgical Procedure

Live-captured adult walleye were placed in a surgical trough with their ventral
side oriented upward. The trough was designed with an incline such that the gills of the
fish could be completely submerged in the reservoir water while keeping the incision area
dry. A black towel was used to shield the eyes of the walleye from sunlight during
surgery, and fish were bathed frequently with a wet sponge to prevent their skin from
drying (Summerfelt and Smith 1990). Restraining straps secured through the mouth,
anterior to the anal fin, and around the caudal peduncle immobilized the fish. No
anaesthetic was used and fish were generally dociie.

A 3 to 4 cm incision was made into the median ventral body cavity with a #10
Sterisharps® round-blade scalpel immediately posterior to the pectoral fin girdle. The
ultrasonic transmitters were sterilized in Betadine® solution, rinsed in saline solution, and

dried prior to insertion into the peritoneal cavity. A 3/8-inch circle cutting edge needle
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and Surgilou® 3-0 silicone treated nonabsorbable sutures were used to close the incision
following insertion of the transmitter. Typically, 5 to 7 sutures containing two triple
surgeon's knots separated by a single overhand knot were required to close the incision
(M. Faler, Wind River Ranger District, USFS, personal communication). The incision
area was swabbed generously with Betadine® solution after closure and the fish was held

until it regained equilibrium. Duration of surgery was 10 to 15 minutes.

trumented leve

Ultrasonic telemetry has proven to be superior to radio telemetry in lakes and
reservoirs, where a combination of high conductivity and depth can result in attenuation
of radio signals (Stasko and Pincock 1977). Thirty-eight adult walleye were implanted
with ultrasonic transmitters during the study: 12 in spring 1994, 12 in autumn 1994, one
in June 1995, and 13 in autumn 1995 (Table 16). Efforts were made to instrument a
similar proportion of males and females. No female walleye were implanted with
transmitters in spring 1994 because none were sampled then (Chapter 2). The limited
number of adults live-captured during autumn 1994 and 1995 sampling precluded the
opportunity to selectively implant individuals; 4 of the 12 walleye implanted in autumn
1994 and 5 of the 13 walleye implanted in autumn 1995 were females. Ages of
telemeterized walleye ranged from 2 to 9 (Table 16).

Long term (i.e., located a minimum 15 times) telemetry data were collected from
28 of the 38 walleye implanted. Of the 10 walleye that I did not collect long term

information, four (8-8-A, 2-7-6, 4-4-7, 2-3-2-7) died immediately (< 2 weeks) following
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surgery, two (3-6-6, 4-5-6) experienced delayed (> 6 months) mortality, and four (3-3-9,
3-5-7, 3-7-5, 2-2-3-7) remain unaccounted for.

Table 16. Date implanted, total length (mm), weight (g), sex, age, and transmitter code of
telemeterized walleye in Canyon Ferry Reservoir, Montana.

Total
Date length Weight Sex Age Transmitter
04-14-94 737 4,536 M 9 8-3
04-28-94 544 1,601 M 4 2-4-9
04-28-94 538 1,615 M 4 2-5-8
04-29-94 597 2,250 M 6 2-6-7
04.29-94 541 1,656 M 4 2-7-6
04-30-94 526 1,606 M 4 2-8-5
04-30-94 627 2,676 M 6 2-9-4
04-30-94 526 1,701 M 4 3-3-9
035-01-94 533 1,601 M 4 3.4-8
035-01-94 366 2,159 M 5 3-5-7
05-01-94 538 1,787 M 4 3-6-6
05-01-94 615 2,948 M 5 3-7-5
10-18-94 610 2,858 F 4 3-8-4
10-18-94 538 1,792 M 3 4.4.7
10-20-94 610 2,858 M 5 4-5-6
10-21-94 605 2,563 M 4 4-6-5
11-03-94 500 1,374 M 2 5.5-5
11-03-94 483 1,361 M 2 2-2-4-6
11-09-94 490 1,383 M 2 2-2-5-5
11-10-94 627 3,311 F 4 9-7
11-10-94 635 3,447 F 4 2-2.2.8
11-10-94 513 1,669 M 3 2-2-3-7
11-11-94 538 1,987 M 3 2-2-6-4
11-11-94 633 3,515 F 5 2-2-7-3
05-25-95 653 3,493 F 6 2-3-2-7
10-26-95 632 3,856 F 5 2-3-3-6
10-20-95 617 2,631 M 5 2-3-4-5
10-24-85 572 2,223 M 3 2-3-5-4
10-24-95 673 4,627 F 6 8-8 (A}
10-25-95 665 3,674 F 3 2-3-6-3
10-26-95 597 2,631 M 4 2-4-2-6
11-09-95 584 3,084 F 4 2-4.3-3
11-14-95 533 1,706 M 3 2-4-dd
11-16-95 541 1,823 M 3 2.4-5-3
11-16-95 561 1,796 M 5 2-5-2-3
11-16-95 589 2,359 M 4 2-5-3-4
11-18-95 566 2,381 M 5 2-5-4-3
11-18-95 612 3,175 F 4 2-6-3-3
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The ultrasonic transmitters used in this study were Self—identifying in that
individual tags emitted a unique aural code (i.e., transmitter 3-4-8 denoted by three beeps,
pause, four beeps, pause, eight beeps, pause, repeat), allowing for the identification of
individual walleye. Telemeterized walleye were located weekly during ice-free months
(April through December) using a 6-m inboard jet boat fitted with a side-mounted
retractable Sonotronics hydrophone (model DH-2) coupled with a Sonotronics digital
receiver (model USR-5W). Canyon Ferry Reservoir was systematically searched for
telemeterized fish by moving the boat parallel to the shoreline and methodically listening
for signals. Range of transmitters was influenced by environmental conditions (e.g.,
wave action, thermal stratification, algal blooms), and dictated distance between listening
stops. Upon detection of a signal, successive triangulations enabled me to get in close
proximity to the instrumented fish. A precise location was determined when the signal
intensity was similar in all directions the hydrophone was rotated (Prophet et al. 1989;
Parks and Kraii 1991).

Winter locations were collected monthly through the ice when conditions
permitted. An ice auger was used to drill holes for lowering the hydrophone below the
ice surface. Similar triangulation methods were uéed as during the ice-free tracking
sessions, except less precise locations were collected because of the time constraints of
drilling numerous holes.

UTM coordinates were recorded at individual location sites with a Trimble Scout

global positioning system. Date, time, and a behavioral observation on whether the fish
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was actively moving or sedentary were noted. Independent habitat variables recorded at
each location site were water depth to the nearest 0.5 m, surface and bottom water

temperatures (C), and secchi disk depth to the nearest 0.25 m.

Data Anal

Movement rates, aggregation (distance between all located individuals) values,
and distance from dam were determined from UTM coordinates recorded at location sites
of instrumented walleye. Distance measurements used in these analyses were calculated

using the following formula (White and Garrott 1990):

distance = N (x;.) - X)2 + gt - Y

where X, and y, represent the first and x,,, and y,,, the second pair of northing and easting
coordinates, respectively. Weekly movement rates were determined by calculating an
overall mean distance moved by all instrumented walleye from their previous locations.
Weekly aggregation values were determined by calculating an overall mean for the
distances between each individual instrumented walleye located. Mean weekly
movement and aggregation distances were averaged for individual two-week periods to
derive an overall mean value. Safety considerations precluded the collection of
comprehensive winter data. Thus, I was only able to calculate movement rates from April
through November. Mean movement rates were determined for all seasons except winter;
mean aggregation values were determined for all seasons.

Water and secchi disk depths recorded at location sites of instrumented walleye

were summarized seasonally. Seascnal mean values were compared within years to help
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understand habitat preferences of telemeterized walleye. Relative number of locations at
specific water and secchi disk depths were contrasted within seasons among the different
years.

One-way analysis of -variance {ANOVA) was used to test for significant
differences among two-week mean movement and aggregation values within individual
years. Significance was determined at P < 0.05. When significant differences were
detected, Tukey's multiple comparison test was used to discern which means were
different (Zar 1984).

The GLM univariate procedure (multi-factor ANOVA) was used to test for
significant interaction between season and year effects in movement, aggregation, water
depth, and secchi disk depth analyses. If the interaction was not significant (P > 0.05), an
overall mean was determined for each season and statistically compared. When the
interaction and season effect were significant, one-way analysis of variance (ANOVA)
was used to test for significant differences among seasonal values within a year.
Significance was determined at P < 0.05. When significant differences were detected,
Tukejr's multiple comparison test was used to discern which means were different
(Zar 1984). All statistical analyses were performed with SPSS for Windows (1999).

Telemetry locations were projected into Montana State Plane coordinates and

plotted seasonally with ArcView (version 3.0A) software. Seasonal maps were examined

for temporal and spatial patterns.
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RESULTS

location
Instrumented walleye were located 972 times from April 1994 through September
1996. Nearly half (43%) of all relocations occurred during summer (8 May - 15 August).
Spring (1 April - 7 May) and autumn (16 August - 30 November) locations accounted for
20% and 24% of total relocations, respectively (Table 17). The spring season represented
a more intensive effort to locate telemeterized walleye because of the short duration of the
spring spawning period relative to the autumn season (5 weeks vs. 14 weeks). The lowest
number of relocations (13%) was collected during the winter (01 December - 31 March).
Number of relocations varied seasonally among years (Table 17). Slightly more
than half of all relocations in 1994 and 1996 were recorded during the summer season.
Data was more evenly distributed between all seasons for 1995. Relatively few
relocations were collected during the winter in 1994 and 1996.
Table 17. Seasonal distribution of telemetry relécations of walleye in Canyon Ferry

Reservoir, Montana, for individual study years and total. Numbers in parentheses
represent percentage of relocations by season for individual years and for total.

Season
Total Spring Summer. Autumn Winter
Year relocations 01 Apr-07 May 08 May-15 Aug 16 Aug-30 Nov_ 01 Dec-31 Mar
1994 256 26 (10) 138 (54) 85 (33) 7 (3)
1995 443 99 (22 139 (31) 109 (25) 96 (22)
1996 273 71 (26) 140 (51) 39 (14) 23 (9)

Total 972 196 (20) 417 (43) 233 (24) 126 (13)
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Sixteen of the instrumented walleye I collected long-term data from were’
ultimately recaptured in gill net sets specifically targeting walleye (Chapter 2). _Fourteen
of these were captured in netting completed on the spawning area and either died or were
transported into Hauser or Holter reservoirs (Chapter 4). The other two walleye were
sampled during autumn: walleye 8-8 was killed in a gill net in 1994, and walleye 2-5-8

was live-captured in a gill net in autumn 1995 and fitted with a new transmitter (2-5-2-3).

Seasonal Distributions and Movements

Telemeterized walleye used the entire reservoir annually (Figure 32). Seasonal
distribution and movement patterns were consistent each year of the study (Figure 33).
Generally, instrumented walleye were located on the south end of the reservoir during
spring and summer, then migrated to the northern portion of the reservoir in autumn.

This annual migration cycle was completed when study walleye returned to the south end
of the reservoir by the following spring to spawn.

Telemeterized walleye exhibited fidelity to a single spawning area in the southeast
corner of the reservoir in 1995 and 1996 (Figure 34). This spawning area was the only |
location that spawning walleye were sampled (Chapter 4). Male walleye were the first to
arrive on the spawning ground, typically moving to the south end of the reservoir in early
December before ice formation or later following ice-up (Figure 37). Female walleye
generally migrated to the spawning area after ice-out in late March or early April.

Post spawning, telemeterized walleye moved off the spawning area and out into

the shallow (< 4 m) water to the north of the waterfowl pond dikes on the south end of the
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Figure 32, Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, during
1994 (n = 256), 1995 (n = 443), and 1996 (n = 273).
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Figure 34. Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, during
spring 1994 (n = 26), 1995 (n = 99), and 1996 (n = 71).
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reservoir (Figure 35). There was a general east to west movement of instrumented
walleye as summer progressed. Walleye were typically distributed from the mouth of the
Missouri River westward to the southwest corner of the reservoir by early to mid August
(Figure 35).

There was directed movement to the north end of the reservoir by all
instrumented walleye by mid September each year of the study (Figure 36). This south to
north migration was completed in one to three weeks and typically began in August. No
telemeterized walleye remained on the south end of the reservoir the entire year, nor were
mid-reservoir habitats used much. Instrumented walleye remained on the north end of the
reservoir for varying periods of time before migrating back to the south end prior to the
spawning period. This annual north to south (lower to upper reservoir) movement pattern
was exhibited by all telemeterized walleye.

Certain individual walleye exhibited movements that were unique compared to the
established patterns of other instrumented walleye. Walleye 2-6-7 migrated to the north
end of the reservoir in June 1994 and 1995 and remained there through autumn. Walleye
3-4-8 used two mid-reservoir bays in late summer and autumn 1994 and 1995 before
migrating to tﬁe north end in late October. This was the only instrumented walleye to
occupy mid-reservoir habitats for extended period‘s of time. In 1995, walleye 2-2-4-6 did
not migrate to the south end of the reservoir until mid May, about a month later than other
instrumented walleye. Walleye 2-5-2-5 showed similar delayed movements in spring

1996.
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Figure 35. Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, durning
summer 1994 (n = 138), 1995 (n = 139), and 1996 (n = 140}
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Figure 36. Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, during
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Figure 37. Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, during
winter 1994 (n = 7), 1995 {n = 96), and 1996 (n = 23).



127

Movement Rates

Telemeterized walleye exhibited the greatest movement in late August and
September when they migrated from the south end of the reservoir to the north end
(Figure 38). This movement was observed each year of the study. A secondary
movement peak occurred in late November 1995 when several telemeterized walleye
migrated back to the south end of the reservoir from the north end. The least amount of
movement occurred during the spring and summer months when instrumented walleye
were on the south end of the reservoir (Figure 38).

The highest mean movement rate (m/week) was observed in late August 1994
(mean = 14,833; SE = 5,017). This period exhibited the only significant change in
movement from the previous two-week period for all three years of the study (Figure 38).
However, there were significant differences in mean movement rates among individual
two-week periods in 1994 (ANOVA; P = 0.001) and 1996 (ANOVA; P <0.001). In
1994, the mean movement rate in late August was significantly higher than for all other
periods except the early September period (Tukey; P <0.05). Similarly, during 1996,
mean movement rate of walleye in early September was significantly higher than the
mean movement rates observed for the late April through early July period (Tukey;

P < 0.05). There were no significant differences émong mean movement rates of walleye
for individual two-week periods in 1995 (ANOVA; P = (.072).

The interaction of year and season effects on movement rates was not significant
(multi-factor ANOVA; P = 0.453). Thus, overall mean movement rates for individual

years and seasons were statistically compared. Annual movement rates did not differ
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Figure 38. Mean movement (+1 SE) of telemeterized walleye from April through
November in Canyon Ferry Reservoir, Montana, 1994 - 1996, Asterisks denote a
significant change in mean movement from previous two week period for individual

years (Tukey; P <0.03).
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significantly among years (multi-factor ANOVA,; P = 0.387); seasonal movement rates
differed significantly (multi-factor ANOVA; P = 0.001). Walleye movement in autumn
(mean = 5,899; SE = 684) was significantly higher (Tukey; P < 0.05) than in spring (mean
= 3,066; SE = 500) and summer {mean = 3,969; SE = 357). There was no significant

difference between spring and summer movement rates (Tukey; P > 0.03).

Aggregation Analyses

Weekly mean distances (m) among individual telemeterized walleye (i.e.,
aggregation) were highest in August / early September and in late November / early
December through late March. The lowest aggregation values were observed from early
April through early July, and from late September through early November (Figure 39).

The highest biweekly aggregation value for study walleye was observed during the
second two weeks of August 1996 (mean = 16,521; SE = 1,121) and the lowest the
second two weeks of May 1996 (mean = 1,295; SE = 80). Significant differences among
mean weekly aggregation values were detected within each year (ANOVA; P <0.001 in
1994; P< 0.001 in 1995; P <0.001 in 1996). Significant changes in mean aggregation
values from the previous two-week period occurred numerous times during the study
(Figure 39). There did not appear to be a pattern in those changes among years.

Year and season effects on aggregation values were significant (multi-factor
ANOVA; P <0.001, P <0.001, respectively), as was their interaction (multi-factor
ANOVA: P <0.001). Significant differences were not detected between seasonal

aggregation values in 1994 (ANOVA; P = 0.823). Mean aggregation values for
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Figure 39. Mean distances (+1 SE) between individual telemeterized walleye in Canyon
Ferry Reservoir, Montana, 1994 - 1996. Asterisks denote a significant change from
previous two week period for individual years (Tukey; P < 0.05).
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individual seasons differed significantly in 1995 and 1996 (Table 18). Walleye were
significantly more aggregated in summer than all other seasons in 1995; conversely,

walleye were significantly less aggregated (i.e., more dispersed) in winter than all other

seasons {Tukey; P <0.05).

Table 18. Seasonal® summary of mean (standard error) weekly aggregation distances (m)
of telemeterized walleye in Canyon Ferry Reservoir, Montana, 1994 - 1996. Statistical
comparison of seasonal aggregation values within years was completed using ANOVA
(denoted by P values). Seasonal values with similar letters did not differ significantly

within years (Tukey; P > 0.05).

spring summer autumn winter P

1994 insufficient data ®5,540 (453)  *5,457 (264) no data 0.823
1995 59 530 (477) 4,444 (263)  °10,013 (456) °14,348 (557) <0.001

1996 4,329 (359) 6,306 (351)  insufficient data 12,054 (769) <0.001

2 Seasons: spring - 01 April through 07 May; summer - 08 May through 15 August; autumn - 16 August
through 30 November; winter - 01 December through 31 March.

Spring and autumn aggregation values did not differ significantly in 1995 (Tukey;

P > 0.05). Mean aggregation values differed significantly across all seasons in 1996
(Tukey; P < 0.05). Mean aggregation values were.generally highest (i.e., walleye were
more dispersed) in winter and lowest in summer (Table 18). Study walleye were least
aggregated in winter 1995 (mean = 14,348; SE = 557 ) and most aggregated in spring

1996 (mean = 4,329; SE = 359).
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Telemeterized walleye used shallower, more turbid habitats in spring and summer
relative to autumn and winter (Figures 40 - 43). The narrowest range of habitats was used
during summer (Figure 41), and the greatest range during autumn (Figure 42). Mean
water depth at location sites was lowest in spring 1996 (mean = 2.47; SD = 2.45) and
highest in autumn 1994 (mean = 10.52; SD = 10.76). Mean secchi disk measurement at
location sites was lowest in spring 1996 (mean = 0.49; SD = 0.76) and highest in winter
1996 (mean = 3.31; SD = 0.65).

Year effect on water depth was not significant (multi-factor ANOVA; P = 0.245);
season effect and the interaction of year and season effects were significant (multi-factor
ANOVA; P <0.001, P <0.001, respectively). Mean water depth at location sites differed
significantly across all seasons within individual years except in 1995 (Table 19).
Summer and autumn water depths in 1995 were the only seasons to differ significantly
(Tukey; P <0.05).

Year and season effects on secchi disk depths were significant (multi-factor
ANOVA; P =0.001, P <0.001, respectively), as was their interaction (multi-factor
ANOVA; P <0.001). Seasonal secchi disk depths at location sites differed significantly
across all seasons within individual years except iﬁ 1995 (Table 20). Mean secchi disk

depth at winter location sites did not differ significantly from those at autumn nor spring

sites in 1995 (Tukey; P> 0.05).
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Figure 40. Relative frequency of water and secchi depths observed at relocation sites
of telemeterized walleye during spring (01 April - 07 May) 1995 and 1996 in Canyon

Ferry Reservoir, Montana.
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Figure 41. Relative frequency of water and secchi depths observed at relocation sites
of telemeterized walleye during summer (08 May - 15 August) 1994 - 1996 in Canyon
Ferry Reservoir, Montana.
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Figure 42. Relative frequency of water and secchi depths observed at relocation sites
of telemeterized walleye during autumn (16 August - 30 November) 1994 and 1995
in Canyon Ferry Reservoir, Montana.
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Figure 43. Relative frequency of water and secchi depths observed at relocation sites
of telemeterized walleye during winter (01 December - 31 March) 1995 and 1996 in
Canyon Ferry Reservoir, Montana.
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Table 19. Mean (standard deviation) seasonal® water depths (m) observed at relocation
sites of telemeterized walleye in Canyon Ferry Reservoir, Montana, 1994 - 1996.
Statistical comparison of seasonal water depths within years was completed using
ANOVA (denoted by P values). Seasonal values with similar letters did not differ
significantly within years (Tukey; P > 0.05).

sprin summer autumn winter P

1994 insufficient data *3.09 (3.49) £10.52 (10.76) no data <0.001
1995 “*6.53 (9.68) °3.87 (4.52) ®8.52(9.56)  *"5.46(6.09)  <0.001

1996 .47 (2.45) %479 (5.60)  insufficient data °9.66 (3.50)  <0.001

* Seasons: spring - 01 April through 07 May; summer - 08 May through 15 August; autumn - 16 August
through 30 November; winter - 01 December through 31 March.

Table 20. Mean (standard deviation) seasonal® secchi disk depths (m) observed at
relocation sites of telemeterized walleye in Canyon Ferry Reservoir, Montana, 1994 -
1996. Statistical comparison of seasonal secchi depths within years was completed using
ANOVA (denoted by P values). Seasonal values with similar letters did not differ
significantly within years (Tukey; P > 0.05).

spring summer autumn winter P

1994 insufficient data *1.11 (0.83) *2.98 (1.06) no data <0.001
1995 ®1.50 (1.53) ’0.76 (0.69) 1.98 (0.92) *<1.68 (1.49) <0.001

1996 *0.49 (0.76) *0.80 (0.62) insufficient data °3.31 (0.65) <0.001

* Seasons: spring - 01 April through 07 May; sumumer - 08 May through 15 August; autumn - 16 August
through 30 November; winter - 01 December through 31 March.
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DISCUSSION

Two basic assumptions of most telemetry studies are that instrumented
individuals represented an unbiased sampling of the population, and that behavior of
those individuals was not affected by the methods used (White and Garrott 1990). The
extensive effort required to sample adult walleye in Canyon Ferry precluded my ability to
randomly select individuals to implant with transmitters. Walleye I implanted were
captured over a two year period and in different portions of the reservoir. Forney (1963)
and Ferguson and Derksen (1971) reported that discrete walleye spawning stocks
intermingled extensively after the spawning season. It is unlikely that separate stocks of
walleye (if present) would remain spatially segregated throughout the year in Canyon
Ferry. Thus, I believe my extensive samﬁking efforts provided an unbiased representation
of adult walleye in Canyon Ferry. It should be recognized that results of this study solely
reflected movements and habitat use of adult walleye and should not be extended to
juveniles. Juvenile walleye may not use the same habitats or exhibit similar movement
patterns as adults because of different life history requirements (Ferguson and Derksen
1971; Olson et al. 1978).

The surgical procedure and carrying of transmitters did not appear to affect most
instrumented walleye. Sixteen of the 28 walleye I collected long term data from were
recaptured in gill nets. All of these individuals except one exhibited normal growth,
condition, and spawning behavior. Walleye 8-8 declined in condition from time of

implanting in spring 1994 to capturing the following autumn. At age 9, this was the
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oldest walleye implanted during the study. This decline in condition may indicate older
individuals are more susceptible to physiological stress resulting from the surgical
procedure and transmitter implantation.

The four instrumented walleye that remain unaccounted for could be attributed to:
1 surg;ery related mortality, 2) angler harvest, 3) movement into an adjacent water body,
or 4) transmitter malfunction. All four of these walleye were actively moving and
appeared otherwise healthy at the time they disappeared. I collected location data from
each of them for a minimurn of a month following their release. I tracked walleye 2-2-3-7
for five months and observed it migrate from the north end of the reservoir to the south
end before losing it. Possibly, these walleye may have died and I was unable to detect the
signal from their transmitters. Other walleye that died following implanting generally did
not move after release and were easily located. It is possible that these fish were
harvested by anglers but not reported. However, this is unlikely considering anglers did
not start catching walleye in Canyon Ferry until 1996 (Chapter 2). Transmitters were
labeled with reward information, which should have encouraged their return. These
walleye potentially could have moved upstream into the Missouri River or downstream
into Hauser or Holter reservoirs. I spent three days in 1994 and four days in 1995
attempting to locate these walleye in the 37 km section of Missouri River between
Canyon Ferry and upstream Toston Dam. Range of sonic transmitters was greatly limited
in running water due to background noise generated by the water current. Thus, I cannot
definitively state that these walleye were not occupying this section of river. I also spent

three days on Hauser Reservoir and one day on Holter Reservoir in 1994 searching for
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these individuals. Because of excellent tracking conditions and their relatively small size,
1 was confident I adequately covered these water bodies. During autumn 1994, T had fost
contact with walleye 8-8 before capturing it in a gill net. Subsequent inspection of the
transmitter revealed that it was not working. An evaluation by the manufacturer
determined that a capacitor in the transmitter had failed. Failure of the same component
is occasionally seen in the same lots of transmitters (D. Brumbaugh, Sonotronics, Inc.,
personal communication). Transmitters 3-3-9, 3-5-7, and 3-7-5 were all purchased in the
same lot as 8-8. Tt is possible that defective capacitors resulted in the failure of those
transmitters as well.

Telemetry proved to be a valuable tool for identifying seasonal habitat use and
movements of Canyon Ferry walleye, including the identification of a single spawning
site. Suitable walleye spawning habitat is widely available throughout Canyon Ferry
{(McMahon 1992). The return of all instrumented walleye to this one specific site each
year demonstrated their fidelity to this spawning area. Fidelity, or homing, of walleye to
spawning areas has been observed in other populations. Crowe (1962) reported that all
walleye populations investigated in Michigan exhibited homing tendencies to specific
spawning sites. Olson and Scidmore (1962) noted that walleye in Many Point Lake,
Minnesota, returned to spawn at the same sites deépite the availability of other spawning
areas. Telemeterized walleye in Holter Reservoir, Montana, returned to the same
spawning areas in consecutive years (Binkley 1996). Similar examples of walleye
exhibiting fidelity to specific spawning areas have been reported by several other authors

(Eschmeyer 1950; Smith et al. 1952; Forney 1963; Czajkowski 1993).
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Discrete spawning stocks often develop within walleye populations. These stocks
result from adaptations to local environmental factors (Hokanson 1977) and often occur
within the same body of water (Crowe 1962; Forney 1963; Ryder 1968). Fidelity of Lake
Winnebago, Wisconsin, walleye to specific spawning aieas in both the Fox and Wolf
rivers led Czajkowski (1993) to suggest they were separate stocks. Stocks are often
differentiated by the type of spawning habitat used (Colby et al. 1979). Jennings et al.
(1996) presented evidence that selection of spawning habitat (e.g., river or lake shoreline)
may be genetically pre-determined for walleye. Heidinger and Tetzlaff (1989) reported
that separate stocks of walleye in Lake Shelbyville, Illinois, exhibited preferences for
both river and lake spawning habitats. Suitable walleye spawning habitat was identified
in the section of Missouri River between Canyon Ferry and upstream Toston Dam
(McMahon 1992). The potential existence of additional reservoir spawning stocks and
separate river-spawning stocks was recognized in my study design. Limited sampling of
other potential spawning areas in Canyon Ferry did not detect any additional reservoir
spawning stocks (Chapter 4). Additionally, I found no evidence that walleye used the
Missouri River for spawning. 1did not lose contact with any of the instrumented walleye
during the spawning period, which indicated they did not use the river. No walleye have
been observed in limited electrofishing compieted.on this section of river each spring by
MFWP (R. Spoon, MFWP, personal communication). Because walleye often spawn in
discrete areas, a more comprehensive sampling effort would be required to definitively

rule out the existence of a river-spawning stock.
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Olson et al. (1978) proposed that homing of walleye to spawning areas is an
adult-learned behavior which is reinforced by repeated migrations. Previously cited
examples of homing were reported for loﬁg established or native walleye populations.
Spawning site fidelity exhibited by Canyon Ferry walleye may provide insight into the
development of this behavior. The relative youth of the Canyon Ferry population
indicated that homing can be established in a short time period and by a small number of
adults. Walleye were first produced in Canyon Ferry in 1985 (Chapter 2). The females of
this year class would not have been fully recruited into the spawning population until
1990. Fidelity to the identified spawning area was already established by 1995, as
evidenced by the return of all instrumented walleye from spring 1994. Individual
movements of five female walleye (9-7, 3-8-4, 2-2-2-8, 2-4-3-5, 2-6-3-3) | implanted at
age 4 in autumn provided further insight into the development of this homing behavior in
Canyon Ferry. The following spring, all of these individuals exhibited directed
movement to the spawning area during either pre-spawn or spawning periods. None of
these walleye demonstrated what might be considered exploratory meanderings.
Assuming these walleye first spawned at age 5, the movement they demonstrated likely
indicated their general attraction to that portion of the reservoir and was not indicative of
a repeated trip to the spawning area.

The spawning area used by Canyon Ferry walleye provided a unique environment
relative to the remainder of the reservoir. Because of its shallow depth and inflows of
warmer water from the Missouri River, the south end of the reservoir was the first portion

to become ice-free. Prevailing west winds resulted in very turbid water conditions as
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wave activity transported suspended solids towards the southeast shoreline. This turbid
water acted as a heat sink, particularly on calm, sunny days. I suggest that it was this
rapidly warming water that attracted walleye to this portion of the reservoir during spring.
Binkley (1996) reported that walleye in Holter Reservoir, Montana, moved into the upper
reservoir during spring, presumably seeking the warmer water being discharged from
Hauser Dam.

Olson et al. (1978) suggested that walleye fidelity to specific spawning sites may
be increased by their proximity to open-water feeding areas. They defined feeding areas
as "chosen locations for feeding during open-water seasons in preference to other
potentially suitable sites". In Many Point Lake, Minnesota, Olson and Scidmore (1962)
observed that walleye with feeding areas nearer a particular spawning site returned more
frequently to spawn at that site. The proximity of the summer feeding area to the
identified spawning site in Canyon Ferry may help explain the complete fidelity exhibited
by walleye to this one spawning site.

Olson et al. (1978) suggested that adult walleye also home to feeding areas. This
behavior is also considered to be learned. Most instrumented walleye in Canyon Ferry
exhibited fidelity to the south end of the reservoir during the summer months. Their use
of this portion of the reservoir provided walleye an optimal growing environment. Its
shallow depth, turbidity, and river inflows resuited in warmer water temperatures earlier
in the year relative to other areas of the reservoir. The physiological optimum
temperature for walleye growth is 22.6 C (Craig 1987). Kelso (1972) reported that

walleye growth was highest at temperatures of 20 to 24 C. Water temperatures on the
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south end of Canyon Ferry generally were within that range from mid May through
August. This warm water habitat provided post-spawn walleye with an excellent growing
environment and longer growing season relative to what was available in other portions
of the reservoir. The exceptional growth exhibited by Canyon Ferry walleye (Chapter 2)
reflected their efficient use of this unique reservoir environment.

The preference exhibited by walleye for the south end of the reservoir can
probably be extended to forage fishes. It is likely they sought out this warmer water for
rearing, although this could not be substantiated by any sampling I completed. However,
the availability of an abundant forage base on this end of the reservoir was evidenced by
the excellent growth and condition of Canyon Ferry walleye. This may have been further
substantiated by the reduced movement exhibited by walleye during the summer. Schupp
(1972) suggested that movement of walleye during the summer months was inversely
related to the abundance of age-0 yellow perch. Summer movement of walleye in
Canyon Ferry was significantly less than autumn movement rates.

Turbid water conditions were likely another key habitat characteristic that
attracted walleye to the south end of Canyon Ferry. Light is probably the most important
environmental stimulus affecting walleye behavior (Colby et al. 1979). Ryder (1977) and
Binkley (1996) found that light penetration was tﬁe principle variable that regulated
depth, activity, and feeding of walleye. Ryder (1977) noted that walleye avoided light
intensities by either moving into deeper water, moving to a more turbid portion of the
lake, or using some sort of physical shelter. Binkley (1996) reported that walleye in

Holter Reservoir, Montana, maximized daytime feeding opportunities by moving into



145

turbid plumes associated with eroding clay banks along éhoreiines. Pitlo (1978) observed
that walleye in West Lake Okoboji, lowa, used rooted aquatic vegetation to reduce light
intensities. In turbid lakes, walleye can feed throughout the day (Ryder 1977). The
highly turbid conditions on the south end of Canyon Ferry provided walleye with
adequate cover from ambient light and an optimal feeding environment. Scott and
Crossman (1973) noted that optimum walleye feeding occurs at water transparencies of
about 1-2 m secchi disk depth. Secchi disk depths observed at the south end of Canyon
Ferry were at or below that range throughout the summer.

The directed and repeated movement of instrumented walleye to the north end of
the reservoir in late summer was likely a response to an environmental cue and not
random wanderings. I examined several variables in an attempt to explain this
phenomenon, including depth preferences, water temperature, turbidity, and forage
availability. An inherent preference to overwinter in deeper water is a plausible
explanation for the walleye movement observed in Canyon Ferry. Pitlo (1978) reported
walleye in West Lake Okoboji, lowa, abandoned their summer activity centers in October
and moved considerable distances into deeper water during autumn and winter months.
Walleye in Center Hill Reservoir, Tennessee, moved into deep channel areas of major
tributaries for the autumn and winter (Ager 1976).. Steadily dropping reservoir elevations
throughout the summer may have triggered this movement pattern in Canyon Ferry.
However, the return of several instrumented walleye to the south end of the reservoir in

late autumn before ice-up and later in winter following ice development weakens this

hypothesis.
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Movement might be induced by water temperatures warming above the preferred
range of walleye. Water temperatures recorded at walleye relocation sites on the south
end of the reservoir peaked at 23 C in late July and early August. This was within the
preferred temperature range of 20 to 24 C reported for walleye (Kelso 1973).
Furthermore, water temperatures on the south end of the reservoir began to cool before
most walleye started their migrations to the north end of the reservoir. Thus, it is unlikely
autumn movement of walleye was motivated by high water temperatures.

The importance of water turbidity in dictating walleye behavior was discussed
previously. It is expected that reduced turbidity could prompt walleye movement to avoid
light intensities (Ryder 1977). Secchi disk depths on the south end of the reservoir did
not increase greatly during the summer months in response to decreasing inflows from the
Missouri River, as might be expected. The reservoir was more turbid in August when
walleye began their annual migration than in July during all three years that I followed
instrumented walleye.

Decreased forage availability on the south end of the reservoir may have
motivated movement of instrumented walleye. A reduction in prey availability might
result from predation pressure or movement of forage fishes. It is unlikely a forage
depletion of such magnitude to incite large-scale movement would occur at about the
same time each summer, given the variable production of walleye and yellow perch.
Movement of yellow perch has not been well documented in the literature. Decreasing
water temperatures may have led to the dispersal of young suckers and yellow perch from

the south end of the reservoir. Movement of instrumented walleye to the north end of the



147
reservoir may have reflected their following this prey base, or possibly their seeking out
alternative forage. This is speculative as little is known about the movement and
distribution of suckers and vellow perch in Canyon Ferry, particularly the juveniles of
these populations. .

There is no clear explanation for the annual migration to the north end of the
reservoir demonstrated by Canyon Ferry walleye. It does not appear directly attributable
to decreasing water turbidity or high water temperatures. The seeking of deeper, warmer
water for overwintering is a reasonable hypothesis; however, there is no obvious
explanation why equally suitable habitats available in the middle portion of the reservoir
would not have been used by walleye. The availability of forage is also probably linked
to this movement, as it is unlikely walleye would leave an area with abundant forage to
migrate into a new environment without adequate food. Thus, it can be assumed there
was ample forage available on the north end of the reservoir. August beach seine catches
of age-0 yellow perch are generally much higher at sites on the north end of the reservoir
relative to mid-reservoir sites (Table 4). This may indicate their relative availability
during autumn and winter.

The highest rates of walleye movement were associated with their migration to the
north end of the reservoir in early autumn. A secéndary peak that occurred in late autumn
1995 was attributable to movement back south towards the spawning area by several
individuals. Movement rates were reduced during spring and summer when walleye were
located on the spawning site or summer feeding area on the south end of the reservoir.

The highest seasonal movement was observed in autumn, when walleye were much more
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active and rarely relocated in the same area in consecutive tracking sessions. This
increased movement was probably related to active foraging. Similar seasonal movement
- patterns were reported by several other studies. Pitlo (1978) found that movement
declined once summer activity centers were established, but increased in autumn as
walleye moved into deeper water. Walleye in Laurel River Lake, Kentucky, exhibited the
greatest movement in spring, primarily because of spawning movements. After activity
areas were established, walleye movement was significantly less in summer than spring
and winter (Williams 1997). Ager (1976) observed the highest rates of walleye
movement during winter months and the lowest during spring and summer.

Timing of high aggregation values (i.e., more dispersed) corres;ﬁonded with high
movement rates, and conversely, low aggregation values (i.e., less dispersed)
corresponded with low movement rates. Thus, the highest aggregation values occurred
during the late summer and early autumn movement to the north end of the reservoir, and
in late autumn and winter when walleye were distributed between the north and south
ends of the reservoir. The lowest aggregation values generally occurred during summer
when most walleye were located on the south eﬁd of the reservoir. Although not
discernable from the weekly or seasonal aggregation values reported, I commonly
observed instrumented walleye closely 'schooled’ tup to five individuals at one location)
during all seasons.

Walleye were not as aggregated on the spawning area as is often described in the
literature. Recognizing the disparate spawning behaviors exhibited by each sex helps

explain the reason for this. Male walleye generally arrived on the spawning area at
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ice-out and remained there for several weeks, often closely associated with other males.
They did not vacate the spawning area during the day for deeper water, as was reported by
Eschmeyer (1950). This possibly indicated that spawning activity occurred during the
daytime, as was reported by Ager (1976). Female walleye did not always immediately
miérate from the north end of the reservoir to the spawning area at ice-out. This delayed
migration was reflected in the high aggregation values observed during spring 1995
(Table 18). Upon reaching the south end of the reservoir, female walleye often remained
a considerable distance (> 1 km) offshore until moving in to spawn. After spawning was
completed, the females moved back off the spawning area into deeper water. Similar
walleye spawning behavior was described by Eschmeyer (1950) and Forney (1963).

Ranges of water and secchi disk depths at relocation sites were greatest in autumn
and winter when instrumented walleye were often pelagic on the north end of the
reservoir. Walleye were regularly observed in open water areas distant from any shore.
Subsequent relocations indicated they were often crossing the reservoir, although foraging
may also have been associated with these movements.

Seasonal water and secchi disk depth values I reported should only be used as
approximations of habitat preferences of walleye. At pelagic relocations, I was not able
to determine if walleye were suspended in the watér column or located near the substrate.
Thus, the depths plotted indicated the water depth at that location site, but may not reflect
the actual depth of the walleye from the water surface. Winter water and secchi disk
depths may not be characteristic of the entire season, as they were only recorded during

the ice-free periods in early December and late March. Lastly, the significant differences
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observed for seasonal water and secchi disk depth values among years were likely
attributable to variations in environmental conditions (e.g., reservoir elevations, turbidity)
rather than changes in habitat selection. Seasonal movement and distribution of
instrumented walleye remained consistent throughout the study. Thus, recorded habitat

parameters at relocation sites are likely more indicative of their availability rather than

selectivity.
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CHAPTER 4

THE EFFECTIVENESS OF TELEMETRY AS A TOOL IN
IDENTIFYING WALLEYE SPAWNING AREAS

INTRODUCTION

Inadvertent or illegal introductions of aquatic species have challenged managers to
develop effective control or removal methods to minimize risks to existing communities.
A variety of means (e.g., chemical, biological, mechanical) can be considered to achieve
carefully planned and predetermined objectives (Wiley and Wydoski 1993). Key to the
successful implementation of these methods is that the targeted species is accessible.

Telemeterized walleye Stizostedion vitreum in Canyon Ferry exhibited complete
fidelity to a single spawning area (Chapter 3). In order for Montana Fish, Wildlife and
Parks (MFWP) to implement effective walleye population control measures, it was of
paramount importance to confirm that the telemetry-identified area was the only
spawning site being used by walleye. 1recognized that the area identified by
instrumented walleye may not signify the only spawning area in Canyon Ferry. The
objective of this study was to evaluate the effectiveness of telemetry as a tool in
identifying spawning areas of a relatively low density walleye population. Several

different sampling techniques were used to compare abundances of adult walleye on the
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telemetry-identified spawning area with those of adult walleye sampled in other suitable

spawning habitats not being used by instrumented walleye.
STUDY AREA

Canyon Ferry is the largest and uppermost impoundment of a three reservoir chain
including Hauser and Holter reservoirs on the upper Missouri River (Figure 44).
Impounded in 1954, it is located in Lewis & Clark and Broadwater counties in southwest
Montana. The upper end of the reservoir is located about 40 km downstream of the
origin of the Missouri River at the confluence of the Jefferson, Gallatin, and Madison
rivers near Three Forks, Montana. Canyon Ferry Dam is located on the north end of the
reservoir and is about 23 km east of Helena, Montana. The United States Bureau of
Reclamation (BOR) operates Canyon Ferry as a water storage reservoir aﬁd regulates
water levels for flood control, irrigation, municipal water supply, power production, and

recreation.

Canyon Ferry has an elevation at full-pool of 1158 m, surface area of 14,238 ha,
and storage capacity of 2.53 x 10° m’. The reservoir is 40.2 km long and has a maximum
width of 7.2 km (Rada and Wright 1979). Canyon Ferry's total shore length 1s about 122
km and has a shoreline development facto; of 2.9 (Rada 1974). It has mean and
rnaximum depths of 17.8 m and 50.1 m, respectively. The annual drawdown is about 3.6
m and hydraulic retention averages about 135 days, but can range from 50 to 200 days

depending on the flow regime and reservoir elevation (Priscu 1987).
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Figure 44. Map of Canyon Ferry Reservoir, Montana.
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The reservoir's north and south ends contrast markedly. The broad, southern
(upper) portion of Canyon Ferry is characterized by relatively shallow (< 15 m), uniform
depths with gently sloping shorelines and few bays. Strong wind events are common on
this end of the reservoir, particularly during spring and autumn. The shoreline substrate
is mostly small cobble with localized areas of sand and mud; off-shore substrate is
predominately mud and silt deposited from the Missouri River. The north (lower) end of
Canyon Ferry is much narrower and deeper. It has numerous small bays with steeply
sloping, rocky shorelines, particularly off the points of bays. There are also several rocky
islands on the north half of the reservoir, some of which are submerged when the
reservoir is at full-pool. Generally, there is greater habitat complexity on the north end of
the reservoir compared to the southern half. |

Canyon Ferry Reservoir fills rapidly during spring run-off in late May and June,
reaches its maximum storage in July, then gradually is drawn down to minimum storage
levels by the following spring. The Missouri River provides nearly all water input into
the reservoir except for a few small perennial tributaries (Duck, Confederate, Beaver, and
Magpie creeks) that contribute only minimal inflow.

Canyon Ferry is typically ice covered from mid-December through March. The
shallower, upper end of the reservoir is the first aréa to ice-up and is the first portion of

the reservoir to become ice-free in the spring, in part because of the warmer water inflows

from the Missouri River.
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METHODS

Sampling Design

Potential walleye spawning sites were stratified among the upper, middle, and
lower reservoir based on springtime surface water warming patterns (Lere 1991). All
potential spawning areas within these strata were identified based on preferred spawning
habitat criteria including substrate, depth, contour, temperature, and water circulation
(Colby et al. 1979; McMahon et al. 1984). Six potential spawning sites were randomly
selected each year from the pool of identified areas within each individual stratum and
sampled for adult walleye (Table 21; Figures 45 - 47).
Table 21. Randomly selected potential spawning sites sampled for adult walleye within

individual strata in Canyon Ferry Reservoir, Montana, during spring 1995 and 1996.
Numbers correspond with areas denoted on maps (pages 160 - 162).

Stratum
Upper reservoir middle reservoir lower reservoir
1995 1,4,46,47,49, 50 10, 37, 38,41, 42,43 15, 20, 26, 28, 31, 32

1996 4,5,47,48, 49, 50 6,10, 11, 40,41, 44 16, 19, 20°, 28", 22, 33, 34

* gill net only
® electrofishing only

Sampling Protocol 1995

Relative abundances of walleye at the telemetry-identified spawning site and
potential spawning sites in the upper reservoir stratum were quantified using trap nets and
electrofishing in 1995. Trap nets (1.8 m x 1.2 m frame with 18.3 m leads, 25 mm bar

mesh) were set perpendicular to shore and fished overnight on the spawning area 22 times
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%igure 45. Potential walleye spawning sites identified in upper reservoir stratum, Canyon Ferry
Reservoir, Montana.
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Figure 46. Potential walleye spawning sites identified in mid reservoir stratum, Canyon Ferry
Reservoir, Montana.
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Figure 47. Potential walleye spawning sites identified in lower reservoir stratum, Canyon Ferry
Reservoir, Montana.
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over seven different evenings between 16 April and 02 May. Concurrently, six potential
spawning sites in the upper reservoir stratum were sampled with trap nets 31 times over
seven different evenings between 16 April and 02 May. Catches of walleye and other
species were quantified in terms of mean number per trap net night. Middle and lower
reservoir strata were not sampled with trap nets because of time constraints.
Electrofishing was conducted with a boom-suspended system mounted on a 5-m
aluminum flat-bottom river boat equipped with a 90-hp Yamaha jet outboard motor.
Electricity was generated by a Honda 5000 watt generator converted into pulsed direct
current with a Coffelt VVP-15 electrofishing unit. Electrofishing transects were sampled
during nighttime to optimally sample spawning fish (K. Binkley, R-2 Resource
Consultants, personal communication). Electrofishing was completed on the telemetry-
identified walleye spawning area on 26 April and 05 May. The entire spawning shoreline
was electrofished both evenings. Six potential spawning sites within each of the upper,
middle, and lower strata were electrofished between 26 April and 15 May. The entire
shoreline at each site was sampled a minimum of one time; site number 1 in the upper
stratum was electrofished twice. Time spent electrofishing at each site was recorded and
catch per unit effort (CPUE) was calculated by dividing the number of walleye captured

during each transect by the duration of the transect.

Sampling Protocol 1996

Horizontal sinking gill nets (30.5 m x 1.8 m with 76 mm bar mesh) and

electrofishing were used to sample spawning walleye in the spring of 1996. Gill nets
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were set overnight 21 times on the telemetry-identified walleye spawning area over 11
different evenings between 15 April and 05 May. Potential walleye spawning sites in the
upper and middle strata were sampled with gill nets only. Gill nets were set overnight 29
times on potential spawning sites over eight different evenings between 01 May and 09
May. Each individual site was sampled a minimum of two different evenings. Potential
spawning site number 50 was sampled with three gill net sets; site number 5 was not
sampled with gill nets because of possible conflict with anglers. Lower stratum potential
walleye spawning sites were sampled one night each with gill nets and electrofishing.

Gill net catches were quantified as mean number of walleye and other species captured
per net night.

Nighttime electrofishing was completed on the known spawning area on 17 April
and 24 April. Potential walleye spawning sites in the lower stratum were electrofished on
07 May and 16 May. The entire shoreline at each site was sampled. Because of possible
conflict with shore anglers, potential walleye spawning site number 28 was only
electrofished; site number 20 was substituted for gill net sampling. Time spent
electrofishing at each site was recorded and catch per unit effort (CPUE) was calculated
by dividing the number of walleye captured during each transect by the duration of the
fransect.

Walleye catch rates in trap nets and gill nets were compared in spring 1996. Trap
nets were set in close proximity to gill nets on the telemetry-identified walleye spawning
area 24 times over eight different evenings between 15 April and 03 May. Trap net

catches of walleye were quantified as mean number per trap net night. Walleye CPUE for
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each technique were statistically compared (independent-samples /-test) to evaluate their
effectiveness in sampling walleye. All statistical analyses were performed with SPSS for
Windows {1999).
A Hobo™ XT thermograph was installed at the one identified spawning area in
the spring of 1995 and 1996. Catch rates of walleye were compared to water temperature

data to determine timing of peak walleye abundance on the spawning area.
RESULTS

ing 1995

! rap nets

Four walleye were sampled in trap nets set on the identified spawning area
(mean = 0.2, SE = 0.10), comprising 0.3% of the total catch (Table 22). White suckers
Catostomus commersoni dominated the catch (mean = 55.9, SE = 12.33), followed by
rainbow trout Oncorhynchus mykiss (mean = 19.4, SE = 3.28) and yellow perch Perca
flavescens (mean = 7.9, SE = 3.80). These three species combined constituted nearly
95% of all fish sampled in trap nets set on the walleye spawning area. Other species
sampled less cpmmoniy included longnose suckers Catostomus catostomus, mountain
whitefish Prosopium williamsoni, burbot Lota lota, common carp Cyprinus carpio, Utah
chubs Gila atraria, and stonecats Noturus flavus. Four trap nets beached by high wind

events were not included in the netting summary.
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No walleye were captured in trap nets set at potential walleye spawning sites.
White suckers (mean = 52.4, SE = 12.54), rainbow trout (mean = 29.3, SE = 8.24), and
yellow perch (mean = 4.2, SE = 1.15) dominated the catch, comprising 97% of all fish
sampled (Table 23). Brown trout Salmo trutta, longnose suckers, mountain whitefish,
burbot, common carp, Utah chubs, and stonecats were sampled in smaller numbers. One

set was exciuded from the netting summary because it was beached by high winds.

El in

Six adult walleye were sampled on the identified spawning area on 26 April,
including instrumented walleye 4-6-5 (CPUE = 0.08; Table 24). One other walleye was
observed that avoided capture. No walleye were sampled or observed while
electrofishing on the spawning area on 05 May, nor at any of the potential spawning sites

in the upper, middle, and lower strata (Table 25).

Walleve Abun e on Spawning Area

Insufficient numbers of walleye were sampled to determine when the peak

spawner abundance occurred on the spawning area.

Spring 1996

Gill Nets

Walleye were readily sampled in gill nets on the identified spawning area
| (mean = 3.6, SE = 0.93); 13 of the 21 sets (62%) captured at least one adult walleye

(Table 26). Common carp dominated the catch (mean = 14.5, SE = 2.52), comprising
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Table 24. Sampling statistics of electrofishing completed on the identified walleye
spawning area in Canyon Ferry Reservoir, Montana, spring 1995. Walleye catch rates are
represented by catch-per-unit-effort (CPUE; number of walleye sampled per minute of

electrofishing).

Water temp  Time Time  Totaltime Walleye
Date (C) start finish {min) sampled CPUE
26 April 10.5 2223 2339 76.27 6 0.1
05 May 11.5 0030 0143 72.48 0 0

Table 25. Sampling statistics of electrofishing completed on randomly selected potential
walleye spawning sites in Canyon Ferry Reservoir, Montana, spring 1995. Walleye catch
rates are represented by catch-per-unit-effort (CPUE; number of walleye sampled per
minute of electrofishing).

Site Water Time Time Total time  Walleye
Date number temp(C)  start finish (min} sampled CPUE
26 April 1 11.0 2128 2148 19.45 0 0
02 May 46 8.0 2154 2225 30.35 0 0
02 May 47 8.5 2226 2257 3047 0 0
02 May 49 85 2321 0005 44.18 0 0
02 May 50 8.5 0005 0043 38.12 0 0
04 May 4 12.0 2142 2012 29.82 0 0
04 May i 14.0 2336 2359 22.53 0 0
10 May 37 10.0 2142 2157 15.13 0 0
10 May 38 8.5 2207 2229 21.65 0 0
10 May 41 9.5 2243 2303 19.95 0 0
10 May 42 9.5 2321 2331 10.20 0 0
10 May 10 8.0 2359 0039 39.32 0 0
10 May 43 11.0 0053 0103 11.60 0 0
15 May 26 95 2155 2200 5.25 0 0
15 May 20 10.0 2224 2237 12.30 0 0
15 May 15 9.0 2249 2321 32.02 b 0
15 May 32 9.0 2349 0008 18.32 0 0
15 May 31 9.0 0026 0039 12.52 0 0
15 May 28 9.0 0055 0110 15.25 0 ¢
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Table 26. Individual catches, total and mean (SE) catches for individual species, and
percent composition of total catch for all fish captured in gill nets (76 mm bar mesh) set
overnight on identified walleye spawning area in Canyon Ferry Reservoir, Montana,

spring 1996.

Water temp Rainbow Brown White Common
Date (C) Walleye trout trout sucker carp
15 April 8.5 4 0 0 0 12
15 April 90 1 1 0 0 17
16 April 10.0 9 6 0 0 15
16 April 10.0 4 4 0 6 21
19 April 9.0 9 3 0 0 2
19 April 85 0 2 0 0 2
23 April 12.0 10 4 0 0 12
23 April 11.5 12 7 0 0 10
24 April 10.0 2 6 0 0 8
24 April 10.0 6 6 0 0 4
29 April iL.o 12 4 0 0 29
29 April 12.0 3 4 0 0 31
30 April 8.5 0 3 0 ] i
30 April 7.0 3 5 0 0 13
02 May 85 0 7 0 0 1
02 May 7.5 0 7 0 0 7
03 May 10.5 0 2 0 ] 39
04 May 2.0 5 10 0 0 23
04 May 8.0 0 2 0 0 31
05 May 10.0 1 10 0 0 23
05 May 10.0 0 5 0 0 2
Total catch: 75 98 0 0 305
Mean number per net: 3.6 4.7 0 0 14.5
{0.93) {0.58) ) 0 (2.52)

Percent of total catch: 15.7 20.5 G G 63.8
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64% of the total catch. Rainbow trout were sampled in abundances similar to walleye
(mean = 4.7, SE = 0.58). No other species were captured.

No walleye were sampled in gill nets set on potential spawning sites. Common
carp (mean = 9.3, SE = 1.12) and rainbow trout (mean = 5.7, SE = 0.98) dominated the
catch, contributing 98% of the total catch (Table 27). The remainder of the catch
consisted of equal numbers of brown trout and white suckers.

Table 27. Individual catches, total and mean (SE) catches for individual species, and
percent composition of total catch for all fish captured in gill nets (76 mm bar mesh) set

overnight on randomly selected potential walleye spawning sites in Canyon Ferry
Reservoir, Montana, spring 1996.

Site Water temp Rainbow  Brown White Common
Date number O Walleye trout trout sucker carp
01 May 50 9.0 0 9 1 0 13
01 May 50 85 0 24 0 ] 7
03 May 49 8.5 0 3 i 4] 15
04 May 4 7.5 9 i1 0 0 8
04 May 47 3.0 0 3 1 0 8
04 May 48 3.0 0 4 i 0 13
04 May 49 3.0 0 4 0 0 4
05 May 4 9.0 0 2 0 0 0
05 May 47 8.0 0 1 0 0 8
05 May 48 8.0 g 0 . 0 0 2
05 May 50 10.0 0 i3 0 0 15
07 May 6 IL5 0 2 1 0 15
07 May 10 10.0 0 4 0 0 10
07 May 11 10.0 0 4 0 G 23
07 May 40 8.0 0 3 0 0 8
07 May 41 8.5 -0 0 0 0 9
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Table 27. Continued.

Water temp Rainbow  Brown White Common
Date Site {C) Walleye trout trout sucker carp
07 May 44 10.0 0 2 0 1 g
08 May 6 8.5 6 15 6 0 11
08 May 44 8.5 0 12 0 1 14
08 May 10 3.5 0 2 0 1 3
08 May 11 9.5 0 8 0 0 22
08 May 40 &5 0 4 0 0 8
08 May 41 9.5 0 6 0 0 14
09 May 34 6.0 0 5 0 1 1
09 May i6 6.0 0 2 0 0 11
09 May 33 6.0 0 10 0 1 1
09 May 19 7.5 0 5 0 0 14
09 May 20 7.0 0 5 0 0 o
(9 May 22 6.0 0 2 0 0 2
Total catch: 0 165 5 5 270
Mean number per net: 0 57 0.2 0.2 9.3
) (0.98) (0.07) (0.07) . (1.12)
Percent of total catch: 0 37.1 1.1 .1 60.7

Electrofishin

No walleye were sampled nor observed while electrofishing the telemetry-
identified spawning area on 17 April. Windy conditions precluded electrofishing the
entire shoreline. Two walleye were sampled while electrofishing the spawning area on 25
April (CPUE = 0.02; Table 28). No walleye were sampled nor observed while

electrofishing potential walleye spawning sites (Table 29).
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Table 28. Sampling statistics of electrofishing completed on identified walleye spawning
area in Canyon Ferry Reservoir, Montana, spring 1996. Walleye catch rates are
represented by catch-per-unit-effort (CPUE; number of walleye sampled per minute of
electrofishing).

. Water Time Time Total time  Walleye
Date temp (C) start finish {min) sampled CPUE
17 April 8.0 2147 2251 63.98 0 0
25 April 7.0 2152 2326 93.58 2 0.02

Table 29. Sampling statistics of electrofishing completed on randomly selected potential
walleye spawning sites in Canyon Ferry Reservoir, Montana, spring 1996. Walleye catch
rates are represented by catch-per-unit-effort (CPUE; number of walleye sampled per
minute of electrofishing).

Site Water Time Time Total time  Walleye
Date number temp(C)  start finish {min) sampled CPUE

07 May 33 7.0 2222 2250 27.80 0 0
07 May 34 7.0 2258 2333 34.58 0 O
07 May 16 7.0 2351 0010 18.57 0 0
07 May 28 6.5 0042 0057 15.27 0 0
16 May 19 105 2204 2217 13.27 0 0
16 May 22 9.5 2229 2613 26.22 0 0
Ir et

Nine walleye were sampled in trap nets on the identified spawning area (mean
catch = 0.5, SE = 0.25); seven of the nine were sampled on 23 April (Table 30). This
peak catch date agreed with that observed for the éiﬂ net sampling (Table 26). Mean
CPUE of walleye in trap nets was significantly less than in gill nets (independent-samples
t-test; P =0.001). Walleye accounted for less than 1% 0f the total trap net catch (Table
30). Rainbow trout (mean = 31.4, SE = 7.01) and white suckers (mean = 24.8, SE = 5.24)

dominated the total catch, constituting over 80% of all fish sampled. Other species
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sampled less frequently included brown trout, longnose suckers, mountain whitefish,
yellow perch, burbot, common carp, Utah chub, and stonecat. Five trap nets beached by

high winds were not included in the netting summary.

Walle und n Spawning Area

Mean gill net catches of walleye varied greatly during the spawning period (range:
0 to 11 walleye per net). Similarly, mean surface water temperature fluctuated widely
during April, and then gradually warmed in early May. Based on gill net catches, peak
spawner abundance occurred on the spawning area on 23 April when surface water

temperature averaged 11.0 C following a warming trend (Figure 48).
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Figure 48. Mean gill net catch of walleye (vertical bars) versus surface water
temperature (dots) at telemetery-identified walleye spawning area on Canyon Ferry
Reservoir, Montana, spring 1996. Solid line represents mean daily surface water

temperature.
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DISCUSSION

Sampling I completed during this study suggested that the telemetry-identified
spawning area was the only location used by walleye for spawning. These results are not
conclusive, however. Walleye are spawning generalists. They are able to spawn at
depths varying from a few centimeters to several meters (Colby et al. 1979) and use a
broad range of habitats (see review in Eschmeyer 1950).

This study was limited by the number of potential spawning sites I was able to
samp1¢ on the reservoir. Canyon Ferry has over 122 km of shoreline. Because walleye
are able to use many different habitats for spawning, they possibly could use most of the
éhorcline. Thus, the 50 potential spawning sites [ identified based on preferred habitat
variables were not inclusive of all possible spawning areas. The validity of this study is
based on the assumption that walleye were attracted to use the best spawning habitats
available, which may not hold true.

Two of the sampling gears | used were not effective at capturing spawning
walleye. Trap net and electrofishing catch rates of walleye were very low despite the
known presence of several instrumented walleye on the spawning area. Based on these
findings, it was unlikely either of these gear types was effective in sampling walleye at
potential spawning sites. Electrofishing was probably even less effective at middle and
lower reservoir strata sites because of clear water conditions. In water with good
visibility, the approach of a boat often causes spawning walleye to vacate shoreline areas

(personal observation in Holter Reservoir, Montana). The use of 76 mm bar mesh gill
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nets during spring 1996 proved to be effective in sampling spawning walleye. Walleye
were readily caught in gill nets on the identified spawning area. Trap nets set on the
spawning area in close proximity to gill nets captured significantly fewer walleye,
substantiating their ineffectiveness.

Growth characteristics of Canyon Ferry walleye indirectly supported the findings
of this study. Growth rates I determined for this population were very consistent. There
were no significant differences evident in first-year growth of the different year classes

.(Chapter 2) that might have indicated the existence of different spawning stocks in
Canyon Fer:ry. Based on surface water temperature patterns, walleye would presumably
spawn three to four weeks later in the middle or lower part of the reservoir relative to the
identified spawning area. Walleye produced in those areas would likely be smaller in size
and demonstrate less first-year growth compared to those produced in the upper reservoir.
This data suggested that walleye were not spawning in middle or lower reservoir habitats.
It does not, however, rule out the possibility that other stocks may have spawned in the
upper reservoir or the Missouri River upstream from Canyon Ferry.

An important benefit of this study was the evolution of an effective technique to
sample a reiativelyrlow density walleye population on their spawning grounds. Trap nets
and electrofishing were used fo minimize the kiiliﬁg of non«-tgrgeted species (e.g.,
rainbow trout) as occurred with gill nets, but were generally ineffective. Trap nets
captured very few walleye and were susceptible to being beached during high wind
events. The ability to electrofish was greatly limited by safety considerations. Because

the prevailing winds during springtime blew towards the spawning area, windy conditions
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prevented the use of this technique most evenings. The use of experimental-mesh gill
nets on the spawning area during 1994 proved effective for sampling walleye, but also
killed large numbers of rainbow trout (Chapter 2). Larger-sized mesh (76 mm bar mesh)
gill nets used in 1996 minimized by-catch of rainbow trout but consistently captured
walleye.

During spring 1997, MFWP used the results of this study to implement walleye
population control measures in Canyon Ferry as mandated by the reservoir's fisheries
management plan (MFWP 1992). Gill nets were set on the spawning area to remove
adult walleye from the reservoir. Walleye not killed in the nets were transported and
released into either Hauser or Holter reservoir. Seventy percent of the 303 walleye
captured were removed and released into the downstream reservoirs. Ultimately, the
control effort proved ineffective in slowing the expansion of the walleye population.
However, there was evidence that the age structure of the spawning population was
affected by these removal efforts. Walleye produced in 1990 dominated the spawning
population from 1994 to 1997, accounting for over 40% of all spawners sampled each
year (Figure 16). In spring 1998, this year class accounted for only 12% of the walleye
sampled on the spawning area. There is no other apparent explanation for the large
decline in this year class except for the walleye removal efforts completed in spring 1997.

The use of telemetry to locate individuals for the implementation of population
control measures has not been widely reported for terrestrial nor aquatic species.
Telemetry did facilitate the eradication of island populations of feral goats Capra hircus

(Taylor and Katahira 1988; Keegan eta al. 1994). Because of their gregarious nature,
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telemeterized goats (called "Judas goats") led to the location of small, elusive bands, thus
expediting their extermination.

The use of instrumented walleye to identify their spawning areas was analogous to
the use of Judas goats. Results from this study were suggestive, but not conclusive, that
telemeterized walleye did lead to the identification of the only spawning area in Canyon
Ferry Reservoir. Recently, this technique has been applied in other areas. In Upper Priest
Lake, Idaho, sonic telemetry was used to determine if there were identifiable lake trout
Salvelinus namaycush spawning areas where adults could be removed from the
population. Lake trout did not aggregate on a specific spawning site, which made control
measures infeasible (Fredericks et al. 1999). Similar efforts were successfully applied in
Yellowstone Lake, Wyoming, where illegally introduced lake trout threaten native
Yellowstone cutthroat trout Oncorhynchus clarki bouvieri. The use of sonic telemetry
there has lead to the identification of lake trout spawning areas, which has resulted in the
increased removal of significant numbers of large, predatory adults (D. Mahoney, U.S.

Fish and Wildlife Service, personal communication).
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CHAPTER 5
GENERAL DISCUSSION

In just 11 years since Montana Fish, Wildlife and Parks (MFWP) personnel
sampled their first walleye Stizostedion vitreum in Canyon Ferry Reservoir, walleye are
firmly established and an important component of this popular fishery. Certain
individuals have argued that walleye were present in the reservoir since impoundment
occurred in 1954. Age, growth, and sampling data determined from this study indicated
walleye were likely introduced into Canyon Ferry in the early 1980s, and have been
reproducing in the reservoir since 1985. The production of a strong year class in 1990
precipitated the rapid development of this population in the later years of this study.
Subsequent strong year classes produced in 1996 and 1997 resulted in higher
standardized gill net catches of walleye in Canyon Ferry relative to those observed in
other established walleye fisheries in Montana. Exponential population growth may be
realized beginning in 2001, when females from the 1996 year class are fully recruited into
the spawning population.

Yellow perch Perca flavescens and suckers Catostomus spp. were the primary
forage of Canyon Ferry walleye. A decline in sucker abundance and shift in size
distribution towards larger individuals probably resulted from walleye predation. The

production of strong year classes of yellow perch in the later years of the study provided
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an abundant forage base for walleye and likely buffered predation of stocked rainbow
trout Oncorhynchus mykiss. However, predation pressure on rainbow trout is likely to
increase as the 1996 and 1997 vear classes of walleye attain sizes in which they can
efficiently prey on the stocked yearlings.

Ultrasonic telemetry revealed that Canyon Ferry walleye exhibit seasonal
preferences for different parts of the reservoir. Walleye were generally located on the
south end of the reservoir during summer months. The warm and turbid water conditions
characteristic of that portion of the reservoir provided walleye with an optimal growing
environment. During autumn, instrumented walleye occupied the north end of the
reservoir. The reason for their directed and repeated annual migration to this part of the
reservoir was not clearly evident, but was likely attributable to forage availability and
preference for overwintering in deeper water. Telemeterized walleye exhibited complete
fidelity to a single spawniﬁg area located on the southeast corner of the reservoir.
Sampling of other suitable spawning habitats throughout the reservoir and growth
characteristics of the population suggested that this may have been the only spawning
area used by walleye in Canyon Ferry.

MFWP used the results of this study to implement populatioh control measures by
mechanically removing adult walleye from the spéwning area in 1997. The subsequent
production of a strong year class that spring and the likelihood of this expanding
population to pioneer new spawning areas deemed these efforts futile.

Walleye numbers sharply increased in Hauser and Holter reservoirs in 1997

following record water discharge from Canyon Ferry. The system-wide increase of
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walleye was the impetus for MFWP to develop a new fisheries management plan for the
entire reservoir / river complex. This recently adopted plan will attempt to manage the
three-reservoir system as "a high quality, cost-effective, multi-species fishery with high
levels of angler satisfaction” (MFWP 2000). Walleye were formally recognized as an
established component of the Canyon Ferry fishery.

The sustainability of the popular rainbow trout and yellow perch fisheries in
Canyon Ferry will be dependent upon limiting the expansion of the walleye population.
The adoption of liberal angler harvest limits in the new management plan is an attempt to
reduce the reproductive potential of the 1996 and 1997 year classes. Should the walleye
population continue to expand in Canyon Ferry and negatively affect the other fisheries,
the plan is adaptive in that it allows for the implementation of pregressiveiy more
aggressive population control measures. These measures may include spear fishing,
collection of eggs, mechanical removal of individuals, and the authorization for
commercial harvest of walleye. The effectiveness of these measures in limiting a
population with demonstrated high reproductive potential is questionable. To date,
anglers have not been very successful in catching walleye in Canyon Ferry. Their
excellent growth and condition resulting from an abundant forage base likely has reduced
their catchability (Forney 1980; Straw 1994). Méchanical removal of adults proved
ineffective in 1997. Future use of this technique would require a long-term commitment
of personnel and resources.

Recent genetic analysis of this population brings into question its value as a

potential walleye egg source. Billington (2000} reported that Canyon Ferry walleye are
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hybridized with sauger and recommended against using them as brood stock. The
politicized nature of this issue will likely prevent the authorization of commercial fishing
for walleye in the reservoir. Furthermore, size and condition of walleye at that time may
diminish their value for commercial purposes.

Ultimately, natural processes such as flushing losses and variable recruitment will
probably influence the expansion of this population more than adopted management
actions. The continued comprehensive monitoring of this developing fishery is critical
for understanding the limiting factors of this population and their potential applicability in
maintaining a multi-species fishery in the reservoir complex. As the popularity of
walleye fishing continues to grow in Montana and throughout the Northwest, this

information will be invaluable to managers challenged with similar demands from their

angler constituents.
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APPENDIX

SAMPLE SITE LOCATIONS FOR STANDARDIZED SAMPLING SERIES
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Figure 49. Net site locations for sinking net series, Canyon Ferry Reservoir, Montana. Letters '
and 'A' denote locations of sets in June and August, respectively.
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Figure 50. Spring net locations for floating net series, Canyon Ferry Reservoir, Montana. Letters
U, ™M, and . denote net locations in upper, middle, and lower portion of reservoir, respectively.



193

2 0 2 4 Kilometers

Figure 51. Auturm net locations for floating net series, Canyon Ferry Reservoir, Montana. Letters
U, "M, and 'L' denote net locations in upper, middle, and lower portion of reservoir, respectively.
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Figure 52.  Sampling locations for beach seine series, Canyon Ferry Reservoir, Montana. Letters
T, "M, and 'L denote seine locations in upper, middle, and lower portion of reservoir, respectively.
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Figure 53. Net locations for walleye netting series, Canyon Ferry Reservoir, Montana.






