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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 Perea 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 Catostomus 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.
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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 Catostomus 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 othet
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.




CHAPTER 1
GENERAL INTRODUCTION

The walleye Stizostedion vitféum has an extensive native range extending from
Quebec soﬁthward along the west side of the Appalachian Mountains, west tO\;vards the
Gulf coast of Alabama, north through Nebrgska to North.Dakofca, 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 qutana appeared in the Montan.; Fish "and Game Co.mmission's‘ 1923-1924
biennial report. It stated that large nuﬁbers of 'great northern or wéll-eyed pike' were
present in Nelson Reservoir in Phillips County (Montana Fish and Game Commission
1923-1924). The origin of these fish is un@om; 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 Walleyé into Nelson
Reservoir. The first introduction by a public agency occurred in 1933 when the Montana
Fish and Game Depa"rtment 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 truita, and brook trc;ut Salvelinus fontinalis were first introduce‘d into
Montana waters (Brown 1971). |

Development of walleye fisheries in Montana was precipitated by the construction
of several large resérvoirs and improvements in culturing cool and warmwater fishes in
the state. The U.S. Bureau‘of Reclamation (B-OR), 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 mid—i990s, including Fort Peck,
Nelson, Francis, Fresno,. and Tiber reservoirs. These i&npoundments provided the“
relatively shallow, turbid coolwater environiments 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 succéssfully lobbied the Montana Legislature to
fund expansion of the state's warmwater fish hatchery iﬁ Miles City. "

The rapidly increasing popplarity of walleye as a sportfish was not unique to
Montana, but was occurring in other states tﬁroughout 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 aavances in fishing boats and
equipment, a growihg interest in cémpet'itive fishing tournaments, and the formation of
local fishing clubs.

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

opportunities. More specifically, WU was seeking to establish walleye fisheries in some
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of the traditional troﬁt waters in the western portion of the state. To. fdrmally address
these demands, Montana Fish, Wildlife & Parks (MFWP) contracted with Colby and
Hunter (198 9) 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 r;alating walleye and trout interactions, the authors recommended a conservative
approach. They concluded: 1) each proposed introdu(étion should be handled on é 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 Férry Reservoir, located on the upper Missouri River, was one of the
primary waters that anglers pressured MFWP to introduce walleye. This reservoir was
traditionall); managed as a rainbow trout and yellow perch Pe;;ca Sflavescens 'ﬁshery, and
consistently ranked as one of Montana's most popular recreatipnal fisheries as judged by
statewide fishing pressure estimates (MFWP 19975. In the late 1980s, a declining
rainbow ;crbut fishery and growing public interest in establishing a walleye. population in
Canyc‘)n Ferry was the impetus for MFWP to develop a fisheries managelﬁent plan for the
reservoir and the associated upstream section of the Missc:)uri River.

Because of the controv;arsy surrounding a potential walieye introduction, MFWP

carefully addressed this issue in the development of the anyoﬁ Ferry Reservoir /
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Missouri River Fisheries Management Plan. MFWP hosted a public workshop in 1991
investigating walleye-trout interactions. Biologists from several western st'ates related
their experiences in managi‘ng coexistingAtrout and walleye fisheries. Their 6bservations
reflected two consistent themes. First, at high populaﬁon levels, walleye predation
negatively,affectedltrout and other fisheries. Second, walleye pioneered into upstream
and downstream waters, sometimés moving great distances (MFWP 1991).

To further explore these issues and follow the guidelines reco@ended by Colby
. and Hunter (1989), an enviror;mental assessment was compieted s;;eéiﬁcally evaluating
the potential effects ofa walleye introduction on the existing Canyon Ferry fishery, as
‘well as on fisheries upstream and downstream Wafers (McMahon 1992). McMahoﬁ
(1992) réviewed existing déta and other case histories and concluded: (1) conditions were
highly favorable for development of a self—susfaining walleye populétion in Ca.nyon.
Ferry; (2) this population would likely "boom and bust"—meaning it would expand very
quickly, but tﬁen- decrease in quality as the existing forage base declined; (3) a sizable
walleye population would not be compatible with maintaining the existing rainl;ow trout
and yellow perch fisheries; and (4) walleye would move into adjacent waters, especiaHy
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
‘yellow perch fishery and generélly 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 publi¢ involvement and review,
the final draft of the Canyon F erry Reservoir / Missouri River Fisheries Mana;gement 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 the plan (MFWP 1992).-

Despite MFWP's efforts to fully evaluate fhe implications of a pc;tential, 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 fcfout
population trends (Lere 1990). This was the first walleye ever collected in 34 years of
systematic fish sampling in Canyon Ferry. A single waileye was“sampled in eaci1 of the
two following years. An age-0 individual was captured in a seine in.1990 and a yearliné
was caught in a gill net in 1991 (Lere 1992). Three more wal-léye 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 staqdardized netting surveys.
However, an aggressive mandate was adopted in the management plan addressing the
establishment of new, undesired species because of the pofcential deleterious effects on ;[he
existing fishery identified in McMahon’s (1992) assessment:

"Should iil‘legally introdl.lced species become established in Canyon Ferry

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

determine the status 6f 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 tgrgeting walleye to gain a better
unders';anding of their status in Canyon Ferry. Fourteen walleye Wére sampled in seven
nets; all were less than four years old. It was evident tﬁa‘t 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 evalua_te the pptential to controi 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 populatic.)n. Complete documentation of the effects of this illegal
introduction in Canyon Ferry will better enable Montana and pther states to handle future
illegal introductions. At the very least, the aggressive dissemination of this information
inay help to curtail similar introductions by educating the general public to the poteritial
far-reaching consequences of such actions.

‘Objectives of my study were to: 1) collect baseline data on the newly developing
walleye populatién; 2) monitor and doéument any changes in fhe existing Canyon Ferry
fisheries; 3) document seésonal movements and distribution of walleye in Canyon Férry
ReserVoi.r with emphasis on identifying spayvning areas; and 4) determine 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 appearance of walleye Stizostedion vitreum in Canyon Ferry Reservoir during |
the late 1980s was épparently the result of an illegal introduction. Over the past 20 years
Montana Fish, Wildlife and Parks (MEWP) has documénted over 400 such introductions |
thr01_1ghout the state involving 47 aifferent species; 11 of these introductions were
walleye (J. Vashro, MEFWP, personal communication).

Walleye intr;>d'uctions in western reservoirs have not been without their costs. In
many waters, managers have struggled with maintaining a balance be@veen this top
predator and its prey base (Colioy 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 through increased

| i)redation (McMillan 1984). Additionally, walleye have commonly pioneered into

adjacent waters both upstream and downstream far from point of introduction, at times.

colonizing major portions 6f large river sgfstems (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 lohg-term effects of this introduction may result in irreversible chaﬂges
to several o.f Montana's fnost important recreational fisheries. Canyon Feﬁ;l consistently
ranks as the most popular fishery in the state, providipg nearly 100,000 angler days
annually. Hauser and ﬁolter 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 aecounted for four of the top ten most popﬁlar
recreational fisheries in Montana.in 1997 and 11% of the total etqtewide 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 niy research was to collect
baseline information on this newly developing population. This data will assist managers |
in understanding the development of this populatier‘r and help in e.valuatin'g 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 F eﬁy is the %argest and uppermost impoundment of a three reservoir chain
including Hauser and Holter reservoirs on the upper Missouri River (Figure 1).
Impouﬁded in 1954, it is located in Lewis & Clark and Broadwater countieé in soutﬁwest
Montana. The u’pper ‘en.d 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;L Canyon Ferry Dam is located on the north end of the
reservoir and is about 23 km east éf 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 supioly, power production, and
recreation. Because it is a storage reservoir, it controls the flow regiﬁe 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, surfaqe area of 14,238 ha,
and storage capacity of 2.53 x i09 m®. The reservoir 1s 40.2 km long and has a maximum
width of 7.2 km (Raaa anci Wright 1979). Canyon Ferry's total shore length is about 122
kin and has a shoreline dévelopmént factor of 2.9 (Rada 1974). It haé mean and

maximum depths of 17.8 m and 50.1 m, respectively. The annual drawdown is about
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Figure I. 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 ;co 200 days
'd@pending on the flow regime and reservéir elevation (Priscu 1987).

The 1;10rth and south ends of the reservoir contrast markedly. The broad, southerﬁ
(ﬁpper) portion of Canyon Fetry 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 autuﬂm. The shoreline substrate
is mostly small cobble with localized areas of sand and mud; off-shore subétrate is
predominately mud and ;ilt deposited from the Missouri River. The north (lower) end of
Canyon Ferry is inucﬁ narrower and deeper'. It has numerous small bays with s;ceeply
sloping, rocky shorelines, partjcularly 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 grédually 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
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discharge exceeds the capacity of the power penstocks, excess water is released t}ﬁough
four radial gates.at the surface and through four 2.1-m diameter river outle;cs at a depth
of 44 m.

The upper eﬁd of Canyon Ferry does not stratify because of shallow depths, strong
wind activity, and the influence of the Missouri River. The mid andl lower portions of the
reservoir develop a weak thermocline during the summer,.generally at a depth of 12 :[O 25
m (Horn and Boehmke 1998). It is a dimictic reéeﬁoir, 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 reservoir is the first area
to ice-up and is the first portion of the reservoir to become ice-frég in the spring, in part
because of the wérmer water inflows from the Missoufi River.

| 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 phytoplankton assemblage is
dominated by blue-green algae, and current densiﬁes are similar to what they were
historically (Horn and BoeMe 1998). Peak densities of phytoplankton typically occur
in mid-summer (Wright 1958, Rada 1974, Priscu 1987, Horn and Boeh;rnkg 1998).

There are 22 species of zooplankton present 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 C;myon 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 depénding upon climatic conditions and water inflows.

There are 22 species of fish present in Canyon Ferry Reservoir (Table 15. -Non-
native species are the most abundant game fishes in the reservoir, whereas native species
represent the majority of the noﬁ-game fish assemblage. Ra.i-nbm‘;v trout are the most
popular game fish and are maintained by -an annual stochng program. Yéllovs./ perch and
white suckers are the most abundant non-game species.

Table 1. Native status and relative abundance of game and noh—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 non-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 Platygobio gracilis native rare
Mountain sucker Catostomus platyrhynchus  native rare
Bluegill Lepomis macrochirus - non-native rare
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METHODS .

Populatidn Monitoring of Res_ervoir Fishes

Standardized Sampling

Three established baseline data sets were used to monitor the (ievelopment of the
walleye population in CapyOn Ferry Reservoir and changes in existiné fisheries.
Standardized baseline sampling completed annuglly during the 1994 through 1999 study
period included a siﬁldng gill net series, a floating gill net séri’es, 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 (38.1mx 1.8 m with equal
length panels of 19-,25-,38-, 45—‘, and 51-mrn 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
. ovemiéht sets in autumn using experimental-mesh floating gill nefs (38.1 mx 1.8 m with
equal leﬁgth 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 originally consisted of 30 sites and the
use of a shalllower seine (1.8 m). In 1994, .it Wasyexpanded to 60 sites 'lc;cated 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, MFWP, personal

communication).
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I established a separate standardized netting series in 1996 to specifically monitor
the walleye pc.>pu1ation in Canyon Ferry. Theée nets were se"t in depths and habitats.
similar to those used by telemeterized walleye (Chapter 35. 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 d‘esigﬁated the 'walleye netting series' and
was setA 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 walfeye 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 ~iQ§ntiﬁed and measured to t.he' nearest 0.1 inch TL and
weighed to the nearest 0.01 pound. Lengths and weights were convgrteci to metric units
(i.e., mm aﬁd g). Sexual condition (e.g., gravid, ripe, spent) of walleye was noted during
the spawning period. Immature walléye were sexed by the criteria suggested by Colby et

al. (1979).

Non-standardized Sampling ) .

I completed i.ntensive gill netting in Canyon Ferry Reservoir specifically to live-
capture adult walleye for implanting with ultrasonic transmitters during 1994 and 1995. -
Experimental-mesh sinhng gill nets were set in shoreline areas throughout the reservoir
in the spring of 1994 and autumns of 1994 and 1995. Aufumn 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 aﬂy other sﬁecies sampled.

Netting Analyses

Catch-per-unit-effort (CPUE) rates were determined by calculating the mean
humber of fish sampled per net. Relative abundances and CPUE rates were calculated for
+ individual species for each neﬁing series'and compared to éxisting data sets to evaluate
any changes in réservoi; fish populations (Rehwinkel 1986; Lere 1992). One-wéy
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 ﬁetting were
identified and counted. Live-captured game fish were released. CPUE rates were |
determined for all species sampled in the non-standardized nettiﬁg and compared between
the 1994 and 1995 autu@ sampling periods.

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

Forage fish productibn was ﬁoﬁtored with beach seine data. Relative numbers
of age-0 yellow perch, cyprinids, and suckérs (coﬁbined total of white and longnose)

captured per seine haul were éompa:red 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 waileye sampled were also
monitored to devlelop an index of abundance and determine relative sﬁeﬂgth of iﬁdividual |
year ciassés. 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

Desc;,riptive statistics (i.e., median Iength, median weight, and range) were - ' !
summarized by individual years for all walleye sampled dﬁring thé study. Linear ‘
regression was used to model the Iength-;zveigh;[ relationship of the Canyon Ferry walleye
population. |

. Relative stock density (RSD) is a nﬁmerical descriptor of length frequency data

(Anderson and Neuman 1996). Traditional RSDs (the proportion of stock—leﬁgth fish that
are equal to or longgr than the defined minimum lengths of size categories) are most
useful for making intercomparisons between populations (Gablehouse 1984).
Incremental RSDs (the propdrtiQp'Qf stock-length fish that are between the defined
minimum lengths for the size categories) are recommended for long-term monitoring of a
single population (Gablehouse 1984; Willis et al. 1993). Incremental RSD values were ‘
calculated for all \;valleye sampled in'exberimental-mesh siﬁkirig 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 claésés 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 measﬁrement 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 u'sed fqr aging the laréer (>20.0in TL)
walleye because of the inherent difficulty in accurately aging older walleye with scales
(Campbell and Babaluk 1979; Erickso_ri 1983; Beamish and McFarlane 1987'; Marw1tz
and Hubert 1995). The first three anterior spines were removed at the base of the dorsal
fin from each wéylleye with side-cutting pliers. Care was taken to make a perpendicular
cut across all tliree spines so that no annuli were lost. Cri)ss-se'ctions were taken within
0.5 cm from the base of th_e spine to avoid rerrioving.the first annulus (Carnevale 1977).
Collécted spines were stored in individual envelopes labeled with TL, weight, sex, date,
sampling .gear,, and location.

The anterior-most spine (t}'fpically the smallest of the three) was separated from
the other two and discgrded in ihe laboratory (Marwitz 1994). The s’ecorid spine was
mounted and cross-éectioned; the third spilie was retained as a backup in case of unclear
annuli or damage t(i the second spine. Spines were mourited individually in wooden

molds lined with wax. Fiberglass resin was poured into the mold until the spine was
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completely coveréd and allowed to hardeﬁ for a minjmum of 24 h. Four 0.5 to i.O mm
cross-secti(;ns were cut from the base of each spine with a Dremelé tool with a 2.5 cm
diameter cutting disk. Spine sections were polished with miﬁeral 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 6ﬁe year although annulus |
formation was generaliy 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 brior kriowledge of the size of the walleye or £he age I assigned the fish. -
Precision o'f our independent age estimates was compared.

Scale samples were collected from most walleye haridled during tﬁe study. Scales
were removed from below the lateral line and above the posterior insertion of the left |
pectoral fin (C:clmpl.)ell and Babaluk 1979) and impressed on acetate sﬁeets by Wayne
Black, MFWP S‘cgle Laboratory, Bozeman, MT. When aging questions arose with the
dorsal spine methodology, I referenced the respective scale sampie to assist in assigning
an accurate age. All smaller walleye .(< 20.0 in TL) coll‘ected from\ 1997.t0 1999 Wére
aged exclusively with scales. S‘(‘:ales were viev.ved 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 wifch either scales, spine
cross sections, or both techﬁic.lues. Agé structure of the different components of the

Canyon Ferry Reservoir walleye poi)ulation 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 c.:ollected in spfing 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 do-rsal 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 séctions 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). I 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 Exce1® spreadsheet. A regression of
total length to spine radius was used to béck—calculate total léngths at age using the
Whitney and Carlander (195 6) "body proportional" met'hod. Francis (1990) further
refined this method by determining the -following back-calcglation formula when the
body-scale (spine) rélationship is linear:

Li=[{(c+dS)/(c+dS)] Lc

where L, is total length and S, is radius measurement at time of formation of the ith




Figure 2. Dorsal spine cross-section of age-5 walleye sampled in Canyon Ferry Reservoir,
Montana, in autumn 1995. Solid line represents plane that annuli measurements were taken for
back-calculating total lengths at age. Numbers represent successive annuli. Radius edge (R)
denotes outside edge of spine section.
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annulus, L, is total length and ‘Sc is total spine radius at time of capture, and-c is the y

.intercept énd d the slope derived from the regression equation. |
Back-calculéted Ienéths at agé were determined fdr individual years and

- compared. A grand mean of back-calculated total lengths was calculated for i‘ndividﬁal

age classes to determine annual growth increments.

Relative Weight

Relative weight (W,) 1is a body condition ind@x that provides a physiological
measure of reléti\;e "plumpness" or "robustness" based on Iength-Weight data (W_ege and
Anderson 19;78; Liao etal. 1995). W, was computed for all walleye sampled during the
study using the formula: ' |

W,=100- W/ W,
- where W is the obsewéd indi.vidual weight (g) and W, is standard weight. .Standard
weight was determined from the revised formula of Murphy et al. (1990):
log;, W, (g) =-5.453 + 3.180‘log10 TL (mm).

W.is recognized.as a valuable assessment tool for monitoring the general
ecological heélth of a population (Liao et gl: 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 detemﬁning mean W, for specific
length groups. Mean W, values were detérmined' 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. W, 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 esophr;tgus (Bowen 1983). Contents were stripped into a plastic vi%ﬂ
and preserved in 80% denatured ethyl alcohol. | |

Vial contents were strained ﬂom the preservativé with a finely woven qbtton mesh
(<400 p.lh) net in the laBoratory. Contents were rinsed in tap water, iolaced in either a
Petri dish or dissecting tray, and separated and identified. Prey items not identifiable to
species by visual inspection wefe 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 bélance (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

Walleye

No walleye had ever been sampled in MFWP's sinking net seties 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 '1 60 (Figure 3). In 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
highe£ in '1 998 ‘fhan in all other years (Tukey; P < 0.05); ﬁet cgtch 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 sarﬁpled 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 fypically 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 (rdnge 0 - 9), but showed an increasing trend
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Figure 3. Trends ofwalleye catch rates in standardized sampling series, Canyon Ferry
Reservoir, Montana.



Table 2. Total number sampled (n), mean number per net, and percentage of total .catch for all fish sampled in sinking net
series in Canyon Ferry Reservoir, Montana, 1955 - 1999. "Other" category includes burbot (until 1984), Utah chubs, and
stonecats.

Rainbow Brown Yellow White Longnose @ Common  Mountain
Year - trout trout perch suckers

1955 ~ 103

suckers carp hitésh Bt Walleye " Other

n: 63 250~ 6,341 1,328 450 121 : 0 35
n/net: 19 -~ 31 76 192.1 402 136 37 - 0 1.1
%ofcatch: 07 12 238 73.0 153 52 14 - 0 0.4
1958 n: 16 73 1,422 4258 105 210 11 . 0 53
n/net: 0.5 22 43.1 129.0 32 64 . 03 - 0 1.6
% of catch: 02 12 23.1 693 1.7 34 02 - 0 . 0.9
1960 w22 51 796 3,444 106 168 11 - 0 19
nnet: 07 . 15 241 1044 32 5.1 0.3 - 0 0.6
% of catch: 0.5 ! 17.3 74.6 2.3 36 0.2 - 0 0.4
1964  n: 22 65 2,613 1,875 98 198 8 - 0 6
n/net: 0.7 20 - 792 56.8 3.0 6.0 02 0 02
%ofcatch: 0.5 1.3 53.5 384 20 40 0.2 - 0 0.1
1967 w24 78 1,016 1,286 166 200 38 - 0 17
nmet: 07 24 308 390 50 . 6l 11 - 0 0.5
%ofcatch: 08 28 36.0 455 5.9 7.1 1.3 - 0 0.6
1968 ni 8 91 2,105 945 246 138 31 - 0 9
n/net: 2.6 2.8 . 638 28.6 75, 42 0.9 - 0 0.3
0 02

% of catch: 2.4 2.5 57.7 25.9 6.7 3.8 0.8 -

8T

T
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Table 2. Continued.

Rainbow Brown Yellow White Longnose  Common  Mountain
Year ) trout trout perch sucker sucker carp  whitefish Burbot Walleye Other
1983 o 29 60 2353 1,600 74 49 s - 0 19
n/net: 0.9 1.8 71.3 485 22 1.5 16 - 0 0.6
% of catch: 0.7 14 555 37.8 1.7 12 13 - 0 0.4
1984 w13 77 2,055 1,736 203 40 160 1 0 62
n/net: 0.4 23 62.3 52.6 6.1 12 48 - <0.1 0 1.9
% of catch: 0.3 1.8 47.3 39.9 4.7 0.9 3.7 <0.1 0 14
1994 90 26 334 1,471 69 69 49 10 5 22
n/net: 2.7 0.8 10.1 44.6 2.1 2.1 1.5 0.3 0.1 0.7
% of catch: 4.2 12 15.6 68.6 3.2 3.2 2.3 0.5 0.2 i.0
1995 n: 71 16 541 1,512 147 36 37 22 13 5
n/net: 2.1 0.5 164 45.8 44 1.1 1.1 0.7 0.4 0.1
% of catch: 3.0 0.7 22.6 63.0 6.1 1.5 1.5 0.9 0.5 02
1996 m: 90 16 566 1,531 103 . 54 19 15 6 13
/net: 2.7 0.5 17.1 46.4 3.1 1.6 0.6 04 02 04,
%ofcatch: 37 0.7 235 634 43 22 0.8 0.6 0.3 0.5
1997 n: 43 15 804 1,198 130 51 15 12 37 14
n/net: 1.3 0.5 24.4 36.3 - 3.9 1.5 0.5 0.4 1.1 0.4
% of catch: 1.9 0.6 347 51.7 56 22 0.6 0.5 1.6 0.6
1998 n: 36 9 587 1,194 120 62 2 12 160 11
n/net: 1.1 0.3 17.8 362 3.6 1.9 0.1 0.4 4.8 0.3
% of catch: 1.6 04 26.8 544 55 2.9 0.1 0.5 7.3 0.5
1999 n: 62 6 1,541 919 103 31 0 4 60 7
n/net: 1.8 0.2 467 278 3.1 0.9 0 0.1 1.8 0.2
% of catch: 23 0.2 56.4 33.6 38 1.1 0 0.1 22 03

6¢C
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~ from 1996 to 1998 (Figure 3). Walleye accounted for less than 4% of the overall catch
for each spring and aufumn 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 nef in 1996 to 10.4 (SE = 2.01) in 1998. Younger age classes
(age .1 and age 2) of walieye producéd in 1996 and 1997- accounted for 95% of the 1998‘
catch (Figure 4). Catch rates declined to 6.5 (SE = 1.30) walleye per net in 1999, as
jfearlings 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 = O:OOS). Net catch rates of walleye in 1997 and
1998 were sigﬁiﬁcantly higher than those observed in 1996 (Tukey; P < 0.05); 1999 net
catches did not differ sigm'ﬁc;éntly fron{ any other year (Tukey; P> 0.05).

Although efforts to monitor Walléye recruitment were intensified (i.e:, number of -
sampling sites was doubled to 60 and a deeper seine Was used) during this stuciy, 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 1959. 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 non-standardized netting than in the .
standardized netting series in 1994 anci 1995. Exploratory net sets ‘targeting.spawning
w.alleye in the spring of 1994 resulted in seven juvenile Wélleye sampled in 72 nét sets

(mean = 0.1, SE = 0.03). After the spawning area was identified, 41 adult walleye were




Table 3. Total number sampled, mean number per net, and percentage of total catch for all fish sampled in spring (spr) and

autumn (aut) floating net series in Canyon Ferry Reservoir, Montana; 1994 - 1999.

1999

1994 1995 1996 1997 - 1998

_Spr aut Spr aut Spr aut spr - aut spr aut spr ' aut

Rainbow n: 203 415 179 198 214 186 79 177 121 165 175 183
trout n/net:  13.5 231 119 11.0 143 10.3 7.9 93 8.1 92 11.7 10.2
, "% of catch:  84.2 93.3 71.9 88.8 79.9 79.8 47.6 82.7 654 825 66.5 766

* . Brown n 3 9 8 3 7 4 4 -5 4 12 6 5
trout net: 02 0.5 0.5 02 05 02 0.4 0.3 0.3 0.7 0.4 0.3
% of catch: 1.3 2.0 32 14 2.6 1.7 24 2.3 2.2 6.0 2.3 2.1

Yellow 0 0 1 0 0 . 0- 1 0 0 0 0 0
perch n/net: 0 0 0.1 0 0 0 T0.1 0 0 0 0 0
3 %of catch: 0 0 0.4 0 0- 0 0.6 0 0 0 0 0

White n 3 5 13 7 12 19 17 6 13 4 12 4
sucker wpet: 0.2 0.3 0.9 0.4 08 - 1.1 1.7 0.3 0.9 0.2 08 02
‘ %ofcatch: 1.3 1.2 52 3.1 4.5 8.2 10.2 2.8 7.0 2.0 4.6 1.7

Longnose n 0 1 1 0 2 0 2 1 0 2. 0 0

sucker n/net: 0 0.1 0.1 0 0.1 0 0.2 0.1 0 0.1 0 0

" %ofcatch: 0 0.2 0.4 0- 07 0 12 05 0 1.0 0 0

Common n 30 13 46 11 31 19 62 20 26 13 36 43
carp n/pet: 2.0 0.7 3.1 0.6 2.1 1.1 6.2 1.1 1.7 07 2.4 24
% of catch:  12.4 2.9 18.5 4.9 11.6 8.2 37.4 9.3 14.1 6.5 13.7 18.0

Utah n 2 1 1 4 2 3 0 1 15 1 28 . 1
. chub n/net: 0.1 0.1 0.1° 0.2 0.1 0.2 0 0.1 1.0 0.1 1.9 0.1
. %ofcatch: . 0.8 02 0.4 1.8 0.7 1.3 0 0.5 8.1 0.5 10.6 0.4

Walleye n- 0 1 0 0 0 2 1 4 6 3 6 3
. n/net: 0 0.1 0 0 0 01 0.1 0.2 0.4 0.2 0.4 0.2

%ofcatch: 0 0.2 0 0 0o 08 0.6 32 15 23 13

™17
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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.



Table 4. Total and mean catch rates of age-0 yellow perch, sucker spp., cyprinids, and walleye in beach seines in Canyon Ferry
Reservoir, Montana, 1991 - 1999. Catches of sucker spp. and cyprinids were not recorded (NR) in 1991 and 1992.

€t

‘Total catch ‘ Mean number per seine
Yellow Sucker ' L Yellow Sucker
) - Tows _ perch _Spp. Cyprinids Walleye perch Spp. Cyprinids Walleye
1991  Upper 10 29,672 NR ONR 0 2,9672 NR  NR 0
Middle 10 6,89  NR NR 0 689.0 NR © NR 0
Lower 10 8,148 NR NR 0 814.8 NR NR 0
Total 30 44,710 NR NR 0 1,4903 © NR NR 0
1992 Upper 10 8,284 7,206 12 0 828.4 7206 12 0
Middle 10 6 168 2 0 - 0.6 16.8 02 0
_Lower 10 15,276 2,023 , , 0 1,527.6 2023 0.1 0
, Total 30 23,566 9,397 15 0 785.5 313.2 0.5 0
1993 Upper 10 15,205 399 0 1,520.5 39.9. 0 0
Middle 10 6,095 2,847 0 609.5 284.7 04 0
Lower 10 6,196 907 . 0 619.6 90.7 0.1 0
Total 30 27496 4,153 5 0 916.5 138.4 0.2 0
1994 Upper 20 - 895 729 52 0 448 365 - 2.6 0
Middle 20 231 2,632 0 11.6 131.6 0 0
Lower 20 652 2,741 , 2 " 32.6 137.1 0 0.1
Total 60 1,778 . 6,102 52. 2 206 1017 0.9 <0.1




Table 4. Continued.

143

] Total catch 7 7 Mean number per : seine
Yellow Sucker Yellow Sucker o
) ) Tows perch spp. Cyprinids =~ Walleye perch spp. Cyprinids Walleye
1995 Upper 20 7,180 7m7 9 0 359.0 35.9 0.5 0
Middle 20 8,082 519 6 0 404.1 25.9 0.3 - 0
Lower 20 18452 4819 0 - 11 © 9226 241.0 0 05
Total 60 33,714 6,055 15 11 561.9 100.9 0.3 02
1996 Upper 20 = 4,259 5,004 183 0 2129 2547 9.1 0
Middle 20 457 3815 35 ) 22.8 190.7 1.7 0.1
Lower 20 6,441 10,591 8 0 332.0 529.5 0.4 0
Total 60 11,157 19,500 226 2 185.9 3250 38 <0.1
1997 Upper 20 3,582 123 2 0 179.1 6.1 0.1 0
Middle 20 3,355 2,280 40 0 167.7 114.0 2.0 0
Lower 20 5299 6,283 12 17 264.9 314.1 0.6 08
Total 60 12,236 8,686 54 17 203.9 144.8 0.9 03
1998 Upper 20 4,140 2,904 180 - 0 207.0 1452 9.0 0’
Middle 20 879 3,935 105 0 43.9 196.7 5.2 0
Lower 20 8,519 6,509 259 0 425.9 3254 12.9 0
Total 60 13,538 13,348 544 0 225.6 2225 9.1 0
1999 Upper 20 - 3,036 1,665 © 59 0. 151.8 83.2 2.9 0
Middle 20 614 2,494 126 0 30.7 124.7 6.3 0
Lower 20 5026 10531 51 6 251.3 526.5 2.5 0.3
‘Total 60 8,676 14,690 236 6 144.6 244.8 3.9 0.1
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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 1§95 was |
based on known habitat use of telemeterized walleye and was my best effort at sampling
individuals. Walleye CPUE rates averaged 1.0 tSE = 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 5, 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 1955, éveraging 10.1 (SE =2.24) per net. Catch
rates exhibited a slightly increasing trend through 1998, then more tﬁan 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
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Figure 5. Mean number (+1 SE) of fish sampled in gill nets (non-standardized) specifically targeting walleye in Canyon
Ferry Reservoir, Montana, autumns 1994 and 1995.



Table 5. Sampling information, individual net catches, total and mean (SE) catches, and percent of total catch for individual
species sampled in experimental-mesh sinking gill nets set targeting walleye during autumn 1994, Canyon Ferry Reservoir,

Montana.
Number Water Rammbow Brown  Yellow White  Longnose Common  Min. Utah
* Date of nets temp (C) Walleye trout . trout perch  sucker sucker carp  whitefish Burbot  chub
18 Oct 6 13.5 13 . 23 2 32 185 14 5 0 3 2
19 Oct 6 13.0 4 8 1 8 115 0 5 6 0 0
20 Oct 6 12.5 11 20 4 21 209 4 2 0 -6 3
21 Oct 6 12.5 9 18 2 23 218 7 6 1 2 1
01 Nov 8 10.5 6 86 3 19 . 233 2 4 2 17 6
03 Nov 6 . 9.5 4 35 4 55 237 1 4 2 4 8
04 Nov 6 9.5 1 118 2 5 106 -1 18 7 4 1
09 Nov 6 . 9.0 5 15 5 17 170 1 5 1 30 2
10 Nov 6 9.0 8 14 8 13 134 1 2 0 19 2
11 Nov 6 9.5 4 9 6 7 93 2 1 1 21 6
17 Nov 6 8.5 2 17 7 4 126 1 5 0 10 2
Total: 68 67 363 44 204 1,826 34 57 T 20 116 33
n/net: 1.0 53 . 0.6 3.0 26.8 0.5 0.8 0.3 1.7 0.5
0.14) (0.81) (0.10) 061) (152) (0.14) (021) (0.07) (028) (0.12)
% of catch: 2.4 13.1 1.6 7.4 66.1 1.2

2.1 0.7 ~ 42 1.2

LE




Table 6. Sampling information, individual net catches, total and mean (SE) catches, and percent of total catch for individual
species sampled in experimental-mesh sinking gill nets set targeting walleye during autumn 1995, Canyon Ferry Reservoir,
Montana. i :

Number Water Rainbow Brown  Yellow White Longnose Common Min. Utah

Date of nets temp (C) Walleye  trout trout perch  sucker  sucker carp whitefish Burbot  chub
18 Oct 4 13.0 9 26 3 4 104 1 2 4 3 2
19 Oct 4 13.0 5 18 2 7 77 1 1 0 7 1
20 Oct 6 13.0 11 44 1 12 - 155 3 8 4 10 2
24 Oct 6 12.0 18 54 2 11 131 0 1 2 3 1
25 Oct 6 13.0 5 36 0 5 128 2 1 0 10 1
26 Oct 6 13.0 5 43 3 5 107 1. 3 1 3 0
28 Oct 4 11.0 1 38 2 3 49 0 0 3 5 1
29 Oct 4 11.5 1 32 1 2 51 2 3 2 5 1
04 Nov 4 9.5 3 16 0 2 111 0 1 4 5 1
05 Nov 4 9.5 1 21 2 1 101 0 4 0 6 2
06 Nov 6 9.5 7 7 1 12 113 0 2 1 15 0
09 Nov 6 9.0 12 13 3 11 99 0 5 2 11 1
14 Nov 6 8.0 2 15 4 12 94 "5 1 3 20 2
15 Nov 6 9.0 2 16 4 12 141 0 3 4 34 0
16 Nov 6 8.0 9 10 1 15 108 1 6 0 31 0
17 Nov 6 8.0 3 -6 3 23 119 1 1 0 20 0
18 Nov 6 8.0 10 20 18 48 165 0 11 7 43 7
~ 19 Nov 6 7.0 7 7 1 27 71 0 1 3 16 2
30 Nov 4 5.5 1 14 5 22 137 0 2 9 15 1
01 Dec 6 6.5 7 5 1 48 105 2 6 4 54 0
Total: 106 119 441 57 282 2,166 19 62 53 316 25

n/net; 1.1 4.2 0.5 2.7 20.4 0.2 0.6 0.5 3.0 02

014)  (043)  (0.09) (041)  (0.96)  (0.06) (009  (0.10) (0.40) (0.06)
% of catch: 3.4 12.5 L6 80 612 05 18 15 89 0.7

8¢
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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 peréh 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 rangé 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 inA 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 yellow perch ijer net (Figure 5). Cafch rate of yellow perch in the spring f994
walleye nétting was similar to those o‘bserved_i.n the autumn 1994 and 1995 sampiing
~ (Tables 5, 6, 8).

Ygllow perch p.roduction W.as variable during this study (Figure 6). Mean CPUE |
rates of age-0 yello.w'_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 thé
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Figure 7. Length-frequency distributions (i median TL) of yellow perch sampled in
sinking gill net series, Canyon Ferry Reservoir, Montana, 1994 - 1999.



. Table 8. Sampling information, individual net catches, total and mean (SE) catches, and percent of total catch for individual
species sampled in experimental-mesh sinking gill nets set targeting walleye during spring 1994, Canyon Ferry Reservoir,
Montana. ' : '

Number Water Rainbow Brown  Yellow  White Longnose- Common  Min Utah
Date ofnets  temp (C) Walleye trout trout perch sucker  sucker carp  whitefish Burbot chub
08 Apr 8 4.5 0 4 2 2 84 1 13 13 11 1
09 Apr 6 4.5 2 5 4 8 42 6 0 5 13 0
11 Apr 8 4.0 1 8 2 6 25 4 0 11 13 0
12 Apr 8 4.5 0 13 8 14 53 3 0 16 21 0
14 Apr 4 8.0 1 3 0 23 93 8 © 3 2 0 0
15 Apr 7 . 8.0 0 20 3 57 139 4 10 17 3 1
16 Apr 7 9.5 0 8 1 47 173 5 5 9 2 0
19 Apr 8 55 4 18 4 3 94 5 1 12 10 0
20 Apr 8 8.0 0 5 8 15 156 0. 9 38 15 0
21 Apr 8 115 0 3 7 61 214 18 0 6 28 5
28 Apr 8 8.0 15 89 2 95 84 4 6 28 15 66
29 Apr 4 85 8 72 2 27 19 3 17 7 1 37
30 Apr 2 11.5 9 32 0 8 . 26 0 6 5 1 19
01 May 2 11.0 8 37 2 8 25 2 8 4 0 13
04 May 2 11.5 0 36 2 11 21 0 38 _10 0 28
Total: 90 48 353 - 47 385 1,248 63 116 183 133 170
n/net: 0.5 3.9 0.5 43 . 13.9 0.7 13 2.0 15 . 19

_ 015) (064  (0.08)  (0.58)  (1.03) (0.12) . (034  (0.22) (0.19)  (045)
%of catch: 17 129 17 140 - 454 23 4.2 6.7 438 6.2

(44
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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 sﬁckers 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 seriesldiffered signiﬁcanﬂy amoﬁg years

(ANOVA; P <0.001). White sucker CPUE we;s 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 aﬁd from 1997 to 1999
(Tukey; P > 0.05). Relét-ive c'ontribution'o.f white suckers to total number of fish sampled
in the sinking net series decreased from 68.6% in 1994 té 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 éh'owed an increasing trend during this study, although size ranges remainea
consistent (Table 9). |

Mean CPUE rates of white suckers in the non-standardized nettir‘lg 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 (i 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)
1994 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 spriné 0f 1994, avlarélging 13.9 (SE = 1.02) white suckers
per net. There was a decline in white sucker catch rates in the non—s_tandardized netting in
autumn 1995 relative to autumn 1994 (Figure 5).

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 spi). in the beach seine data

set (Table 4).

Rainbow Trout

Rainbow trout catch rates were stable in the sinki'ng 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). Meancatch rates of rainbow trout in the ﬂoa’Fing 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 obseﬁed in this netting series, averaging 23.1
(SE = 4.54) rainbow trout pér 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 thié study relétive.:‘ 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 O..2 (SE=0.10) in 1999 (Table 2). This decline was mirrored in the spring component
of tile floating net §eries beginﬁng 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 i:he floating net series

(Tables 2, 3).

Other Sp' ecies

Other fishes sampled in the sinking ﬁet and ﬂ'oating net series includeci lc;ngnose
sucker, coMon carp; rrllounts;tin whitefish, burbot, Utah clﬁib, and stonecat (Tablés 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 (F igure 12); the highest meaﬁ 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.
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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 - 19909.
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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 tllegal introduction. |

A single age-0 bluegill was s_ampled in the beach seine series on the north ertd of
Canyon Ferry in 1998. Bandow (1969) reported bluegill in Cényon Ferry, but this was
unsubstantiated. This is the first documentation by MFWP of their ptesence in the
reservoir. Their otigin is unknown, but Iikely. the result of an illegal introduction or

invasion from the Three Forks ponds via the Missouri River.

Walleye 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 techniqﬁes and seasonality of
sampling often ditfered, length and weight data are not comparablé 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 the spawning area. The largest weighed

9,185 g, exbeeding the state record by 1,755 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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Total length (mm)

Figure 13. Length-frequency distributions of walleye sampled in Canyon Ferry
Reservoir, Montana, 1994 - 1999.
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Figure 14. Total 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) (8) __(8
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 equatibn yields:
W = (0.0000016)L>?1%8
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 aufumn 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 popul_ation resulted in 1998 when RSD S-Q

" walleye recruited into the RSD Q-Pvlength group. The proportion of smaller walleye

(RSD S-Q) was further reduced in 1999 as RSD Q-P and RSD P-M walleyé dominated
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P-M

Figure 15. Incremental relative stock density values of walleye sampled in experimental-
mesh gill nets, Canyon Ferry Reservoir, Montana, autumns of 1994 - 1999. Vertical lines
represent 95% confidence intervals.
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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 erl. 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 spawmng 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 2to
9 (n=42). No females were sampled Age-6 walleye dominated the catch in spnng
1996, comprising 45% of the spawning population. Ages of spawning walleye in 1996
ranged from 2 t6 15 (n = 108). The two age-15 individuale sampled were males. Forty
percent of the age,-6 walleye were females, indicating that they had recruited into the
spawning population since 1199A4 (Figure 16). A total of 302 adult walleye were sampled
in 1997, ranging fronlage 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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Figure 16. Relative frequency (%) of individual age-classes of walleye sampled during
spring in Canyon Ferry Reservoir, Montana, 1994 and 1996 - 1999.
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1997, accounting-for 42% of the walleye sampled. Younger year classes of walleye vs}ere
more prevalent in the spawning population in 1998 and 1959. More than 50% of the
walleye sampled in spring 1998 were either age 5 or age 6 (Figure 16). Spawning walleye
sampled duriﬂg 1998 ranged from age 2 to age 13 (n=41). Younger walleye dominated
the spawning population in 1999. Individuals age 3 to age 5 accoﬁnted for more than
75% of the walleye sampled (n = 60). An age-14 male was the oldest walleye sampled in
spring 1999. | |

Female walleye 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 fhis

may be an artifact of the small sample sizes.

Age-1 and age-2 walleye dominated the autumn net catches each year through
1998 (F igure. 17). Combined relative strengths of these age classes ranged from 95% of
all walleye sampléd in both 1997 and 1998 to ‘66% in 19§5. 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 sarﬁpling. 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). Because age-0 walleye were not fully recruited
into the ex.perimental-mesh nets by autumn, these daté do not accurately reflect their
relative abundance.

Walleye produced in 1990 formed the domingnt year class ot; the spawning |

population, accounting for 37% of the 553 walleye sampled in the spring during this
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Figure 17. Relative frequency (%) of individual age classes of walleye sampled during
autumn in Canyon Ferry Reservoir, Montana, 1994 - 1999.



60

study (Figure 18). Walleye from the 1995 to i998 year classes were not fully ‘recru\ited
into the spawning pc‘>pu1atio,n by 1999 and are not accgately 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 yéar 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).

Grth 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 individqal sample years (Tables 11 - 13). Back-calculated lengths at age did not

differ significantly amohg 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 Walle§;e 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 gréwth 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 seaéon 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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Figure 18. Relative frequency (%) of year classes of walleye sampled during spring and
autumn in Canyon Ferry Reservoir, Montana, 1994 - 1999.
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Figure 19. Relationship between radii of spine cross-sections and total lengths of walleye sampled in Canyon Ferry Reservoir,



Table 11. Back-calculated total length (mm) at age -:l: 1 SD for walleye sampléd during 1994 in Canyon Ferry Reservoir,
Montana. Ranges are presented below lengths and number (n) is given for each year-class.

Year ) Back-calculated total length at annulus + SD
class n Length at capture 1 2 . 3 4 5 6 7 8 9
1993 35 306 £ 31 225+ 19
236-353 188-257
1992 31 418 £ 59 276 +£25 345+25
- 315-500 212-332 293-407
1991 20 477 +33 293+24 377+£29 449125
424-538 249-349 319-427 393-493
1990 33 546 + 39 277+24 370+29 471+£28 52725
485-635 236-321 292-422 397-514 462-587
1989 7 577+49 260+17 337+£25 429+26 510+27 559+37
508-635 238-289 294-376 397-474 471-550 508-615
1988 2 612421 2776 365+8 441+£25 529+2 58612 612+21
597-627 273-281 359-370 423-459 528-331 577-395 597-627
1986 1 673 284 414 494 563 613 643 663 673
1985 1 737 283 371 438 -538 582 626 670 704 - 737
" Weighted mean 264+£33 361+£31 458430 525+26 571+34 623+19 667+5 68822 737
Range 188-349 292-427 393-514 462-587 508-615 597-643 663-670 673-704

n ] 130 95 64 44 11 4 2 2 1

€9
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Table 12. Back-calculated total length (mm) at age + 1 SD for walleye sampled during 1995 in Can};on Ferry Reservoir,

Montana. Ranges are presented below lengths and number (n) is given for each year class.

)

Back-calculated total length at annuius + SD

Year .
class n Length at capture 1 2 3 4 5 6 7 8 9 " 10
1994 66 344 + 45 267 +26
216-404 212-321
1993 32 406 + 49 251+20 342428
305-470 215-299 284-394
1992 13 500+ 47 26628 33332 443 +38 .
429-572 228-329 291-390 374-511
1991 8 564 +£43 29524 380+21 451417 532+18
503-612 264-325 347-405 428-477 503-555
1990 7 598 £ 45 273+24 360+28-458+19 S515+19 569+27
546-665 237-310 323-392 426-482 494-553 538-614
1989 3 663 £ 10 259+29 341+13 424+9 514+20 575+24 632+18
653-673 237-292 330-356 413-430 497-536 552-600 617-653
1988 1 688 286 370 454 510 576 613 660
1985 1 757 249 331 431 521 - 585 630 675 763 721 739
Weighted mean 265+26 347+30 446+28 522+ 1/8 572+23 628+15 668+11 703 721 739
Range 212-329 284-405 374-511 494-555 538-614 613-653 660-675
n 131 65 33 20 12 5 2 1 1

79
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Table 13. Back-calculated total length (mm) at age + 1 SD for walleye sampled during 1996 in Canyon Ferry Reservoir,
Montana. Ranges are presented below lengths and number (n) is given for each year class.

Year _ Back-calculated total length at annulus + SD
class  n  Lengthatcapture 1 2 3 4 5 6 7 8 . 9 10 11
1995 24 308 £ 38 243+ 22
224-361 203-277
1994 11 404 £ 49 280+24 360+23
318-465 231-313 318-400
1993 11 450+ 32 252+ 18 35717 432+16
406-498 225-274 331-379 406-450
1992 . 11 517+42 27036 343+38 452+44 517+42
419-587 215-336  273-427 362-519 419-587
1991 15 573+35 276124 369434 449+38 522436 571139
’ 511-630 " 231-313  294-418 375-505 448-582 484-630
1990 56 622 + 37 T 271428 367£35 475+35 535+32 585+ 32 621+£36
518-698 205-349 281-442 382-540 446-612 495-656 518-698
1989 9 659 % 36 266+32 351+26 450+41 528+51 587d:47 628 £38 657+35
587-701 © 227-313 © 319-387 382-519 442-598 510-655 556-678 587-701
1988 4 674 =17 273434 364145 473+46 l563 £32 606+22 630+20 652+18 67417
660-698 234-314 ~ 316-414 426-513 527-595 581-636 609-657 636-677 660-698
1986 10 693 + 30 261+31 354+£23 428+36 489:4£42 555+32 596+33 630+34 654+31 675+30 693+30
’ 640-737 224-318 310-384 373-494 427-545 498-610 534-649 570-678 600-698 620-717 640-737

$9




Table 13. Continued.

Year Back-calculated total length at annulus + SD
class  n - Lengthatcapture 1 2 .3 4 5 6 7 8 9 10 11
1985 7 715+38 283+19 355+31 437+41 499+56 546+59 58860 62653 65545 67942 699+42 715+ 38

665-775 256-309 312-398 354-472 386-546 428-606 470-659- 534-701 586-722 618-743 639-764 665-775

Weighted mean , 266429 361+32 458£39 526+40 57838 617439 640+30 658+34 676434 696434 715438

Range . . 203-349 © 273-442  354-540 386-612 428-656 470-698 534-701 586-722 618-743 639-764 665-775

n 158 134 123 112 101 86 30 21 17 17 7

99




Table 14. Weighted and grand mean of back-calculated total length (mm) at age + 1 SD for walleye sampled in Canyon Ferry
Reservoir, Montana, 1994 - 1996. Ranges are presented below lengths and number (n) is given for each year class.

Year Back-calculated total length at annulug + SD

'sampled 1 2 . 3 4 5 6 7 8 9 10 11

1994 '

Weighted mean 264 +33 361+31 458+30 525+26 571+34 623+19 6675 688+22 737

Range 188-349  292-427 393-514 462-587 508-615 597-643 663-670 673-704

n 130 - 95 64 44 11 4 2 2 1

199

Weighted mean 265+26 347+30 44628 522+18 572+£23 628+15 668+11 703 721 739

Range 212-329  284-405 374-511 494-555 538-614 613-653 660-675

n 131 65 33 20 12 5 2 1 -1 ’ 1

199

Weighted mean 266+29 361+32 458+39 526+40 578 +38 -617;%:39 640£39 658+34 67634 696+34 715+38
_Range 203-349  273-442 354-540 386-612 428-656 470-698 534-701 586-722 618-743 639-764 665-775

n 158 134 123 112 101 86 30 21 17 17 7

Total

Grand mean 265+29 358432 456+35 525435 577+37 618+38 643+37 66334 682:+36 698+35 715+38
Range 188-349  273-442 354-540 226-386 428-656 470-698 534-701 586-722 618-743 639-764 665-775
n 419 294 220 176 124 95 34 24 19 - 18 7
Growth increment 93 - 98 69 52 41 25 20 19 16 17
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Figure 20. Mean back-calculated lengths at age of walleye sampled in Canyon Ferry Reservoir, Montana, 1994 - 1996. Vertical
lines represent *1 standard deviation.
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Initial growth patterns for the three 1981 year-class walleye sampled were much .
differen’e than.. those deteﬁnined 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 growfh 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 groubs. Generally, W, increased with increasing RSD length groups (Figure

22). There were significant differences in mean W, for S-Q walleye (AN OVA;
P <0.001), Q-P walleye (ANOVA; P = .0.002), and P-M walieye (AN OVA; P=0.023) |
among years. | |

W, of S-Q walleye sampled in 1997 (mean = 95, SD = 6.1) was ;the lowest
observed during autumn samioling and was signiﬁcantl).' lower than those observed for A

S-Q walleye all other years except 1999 (Tukey; P <0.05). In 1994, W, of Q-P walleye

g (mean = 109, SD = 10.8) was significantly higher than Q-P walleyein 1997 and 1998

(Tukey; \P <0.05). W, of P-M walleye sampled in'1995 (mean = 113, SD = 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 comparisons because of small sample sizes (n =3

both years). There was no significant difference in mean W, of M-T walleye sampled in




Table 15. Back-calculated total length (mmj at age + 1 SD for 1981 year-class walleye sampled in Canyon Ferry Reservoir,

- Montana, in 1996 (n=2) and 1997 (n=1). Ranges are presented below length_s.

Year . Back-calculated total length at annulus + SD :
class n Length at capture 1 2 3 4 5 6 7 8 .9 10
1981 3 720+ 4 ' 224+7 264+3 323+£31 412+40 475+47 52838 572i237 60211 627+6 649+8
716-724 . 218-232 262-268 304-358 369-449 422-512 484-551 . 546-592 . 591-613 621-634 639-654
11 12 13 - 14 15 16

664+7 680+8 69511 707411 717+10 716
658-671 675-688 685-706 695-715 706-724

0L

1%
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Figure 21. Mean age-specific growth increments for walleye representing the 1985 to 1995 year classes and for three individuals from
the 1981 year class sampled in Canyon Ferry Reservoir, Montana.
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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 77, observed

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

Food Habits

Suckers were present in nearly 60% of the walleye stomachs exz;lmined in1994
(n = 66) and accounted for-over 60% of their total ciiet by Weight and 50% by number.
Yellow perch were of secondary importance, occurring in 23% of the stomachs examined
and contributing about 20% of to’talj di‘et by weight and number. I\K_ainbow ﬁout a(‘:countedy
for about 10% of diet by weight, 5% by number, and oécurréd in 5% of the stomachs
examined (Figure 23). Walleye stomachs exarﬁiped in 1995 exhibited simiiar‘ proportioné ‘
of the major prey items as was ob'séfved in'1994, except rainbow trout were essentially
absent (0.9% frequency of occurrence, 0.3% by weight; Figure 24).

The numbér 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 (F igure 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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Figure 23. Mean aggregate percent by weight and mean (+1 SE) individual percent by number of food items in walleye
stomachs (n = 66) collected during 1994 from Canyon Ferry Reservoir, Montana. Percentages in parentheses represent
frequency of occurrence for individual prey items.
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Figure 24. Mean aggregate percent by weight and mean (+1 SE) individual percent by number of food items in walleye
stomachs (n = 115) collected during 1995 from Canyon Ferry Reservoir, Montana. Percentages in parentheses represent
frequency of occurrence for individual prey items.
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Figure 25. Mean aggregate percent by weight and mean (+1 SE) individual percent by number of food items in walleye
stomachs (n = 53) collected during 1996 from Canyon Ferry Reservoir, Montana. Percentages in parentheses represent
frequency of occurrence for individual prey items.
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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 duﬁﬁg this time
period. .Concurrently,'the occurrence and relativg 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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Figure 26. Mean aggregate percent by weight and mean (+1 SE) individual percent by number of food items in walleye
stomachs (n = 188) collected during 1997 from Canyon Ferry Reservoir, Montana. Percentages in parentheses represent
frequency of occurrence for individual prey items.
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Figure 27. Mean aggregate percent by weight and mean (+1 SE) individual percent by number of food items in walleye
stomachs (n = 200) collected during 1998 from Canyon Ferry Reservoir, Montana. Percentages in parentheses represent
frequency of occurrence for individual prey items.
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Figure 28. Mean aggregate percent by weight and mean (+1 SE) individual percent by number of food items in walleye

stomachs (n = 99) collected during 1999 from Canyon Ferry Reservoir, Montana. Percentages in parentheses represent
frequency of occurrence for individual prey items.
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Figure 29. Relative contribution by weight of sucker spp., yellow perch, rainbow trout, and other items to diet
of walleye in Canyon Ferry Reservoir, Montana, 1994 - 1999,
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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 aré now firmly established and commonly éampled in all
standardized netting surveys comﬁleted in the reservoir. Additionally, in 1996 walleye
became a component of the resewoir's recreational fishery when they were first
documented in MEWP's creel census efforts. This is notable becaﬁse 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 ére a recent addition to the Canyon F eﬁy fish
assemblage. The strongest evidence of this was their first appeafance in the sinking net -
series in 1994. This netting series provides excellent historical fish trepd data, dating
back to when the reservoir first filled in 1955. Initially, I was suspicious of the
effectiveness of this series in sampling walleye. Certaip 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
&uﬁng the first three years of this study heightened ‘;hosé suspicions (Figure 3).
However, dther 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 ’rargeted 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 (Figrlre 5).

The walleye population 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 1-992; 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 stu&y characterized the low abundance of walleye in
Carryon Ferry at that time. The relatively fev'v 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 rn 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 Babaiuk 1979; Belanger and Hogler 1982; Errckson' 1983; Marwitz and
Hubert 1995) and was Vahdated by Schram (1989) I found spine cross-sections easy to
read, particularly on older fish. Marw1tz and Hubert (1995) recommended agalnst 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 I

viewed from younger (< age-4) walleye exhibited dlstmct annuh 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 Walléye using dorsal spines and scales
were consistent with those of an independent reader, thus confirming the precision of
ages I assigned during this study. Francis (1990) encouraged the use of appropriate back-
calculation techniques and emphasized their validation based on comparis‘ons 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.
Tﬁis isa 1imitation of my étudy, as the use of dorsal spin_e 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 Canyoﬁ Férry walléye supported the use of spine cross-
se:ctions to back—calculaté lengths at age and growth rates. Back-calculated lengths at age
that I determined were simiilar 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 #ructure of walleye sampled in the sinking net and walleye netting series
indicated this population is young and developing rapidly. Beginning in 1997, walleye
catcﬁes 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 i»n"‘1998.' The

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

The production of strong year classes in 1996 and 1997 was prempltated 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 Walléye sampled during the spawning period (F igure 18). During this

study, male walleye sexually matured by age 3 and females by age 5. Thus, it was not
until 1995 that thé majority of 'the females from the strong 1990 year class spawned for
the first time.

Fuﬁher evidence of the relative youth of this population was ;che absence of older
Walieye 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 anci 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 d;) 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. Similarly, walleye up to 16 years of age have
been observed in Holter Reservoir (T. Humphrey, MEFWP, personal co.rmnunication).

The oldest individual I sampled frbm 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 Wés evidenced by the large
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number of adults sampled during the 1996 (n = 108) énd 1997 (n = 302) spawning
seasons. | Individuals from the 1985 year class continued to be represenfed in the
spawning population in 1999 at age 14 (Figure 16). This suggests that Cahyon Ferry
walleye will likely be as long-lived as walleye in other westgm 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 consistent
growth observed in the younger members of the population. Their initial growth was
much reduced, bﬁt then rapidly increased in subsequent years to levels similar to or
higher than those determined fqr the 1985 to 1995 yea;r classes (Figure 21). Whereas the
uniform growth exhibited by tI;e 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 Qonditions did not
result in reduced growth. Reservoir elevations in 1981 did not vary much from elevations
observed during this study.(U SBOR 2000). Water and air terhperature 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 inﬁoduced into the reservoir as
juveniles, then flourished in their new environment. Although speculative 1b-ased on only

three fish, other findings of this study also indicated 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. Of'the 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 thafc walleye recruitment did not occur in the
reservoir until the introduced juvenile walleye matured sexﬁally.

Growth rates I determined for Canyon Ferry walléye 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 importanf

" factors regulating walleye growth. Intuitively one would presume walleye growth to be

considerably higher in the Waﬁner, 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 walieye. ‘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 optimuxﬁ temperature for walleye growth is 22.6 C (Craig 1987). Kelso

1 (1972) reported that walleye growth rates were highest at temperatures of 20 to 24 C.

Water témperatures 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 longer grower season relative to. what was
available in other portions of the reservoir (Cﬁapter 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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Figure 30. Back-calculated total lengths at age of walleye from Canyon Ferry Reservoir, Montana, compared to other North
American walleye stocks (Carlander 1997).
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(McMillan 1984; Marwitz 1994), Nofris Reservoir in Ténnessee (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 follbwing the éarly years of |
impoundment. The high growth observed in these populations was attributed to their
introduction into previously unexploited énviréninents with abundant forage.
Subsequently, growth declined as these popul'ations:expanded and forage became
limiting. McMahon (199_2) described this phenomenon as a 'boorﬁ and bust' phase.
Growth rates I determined for Canyon Ferry walleye did not show any decline. However,
these data should be considered pre-exp;lnsion or 'boom' phase data, as they described the

A

populatibn during the first three years of the study before walleye numbers increased
sharply. |

fhe exceptional growth of Canydn F etry walleye was substantiated by their ..
Positive correlations between W, and growth have been reported for largemouth bass
(Wege and Anderson 1978), northern pike (Will\is 1989), and yeﬂow perch ((Willis et al.
1991). Iﬂ contrast, Liao ;t al. (1995) could not relate /¥, and growth in pumpkir\lseed |
Lepomis gibbosus nor golden shiner Notemigonus crysoleucas. Mean W, of Canyon
Ferry walleye sampled @n autumn were near or above 100 for éach RSD length group
during all years of the study (F igure 22). Anderson and Neuman (1996) suggested that a
mean W, of 100 over several size groups within a population may reﬂe;ct ecc;logical and

physiological optimality. Howéver; Murphy et al. (1990) argued that because of the
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difficulty in defining a single optimum for any species, /7, should only be considered a
benchmark for compar-isons 'of populations.

~ There are no length associated biases with the W, equation devel‘oped for walleye
(Murphy et al. 1990). Thus, meﬁn W, trends across RSD iength éroups may provide
insight int.o the ecglogical 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, treﬁds of Canyon Ferry walleye may have indicated changes in prey
availability. Generally, mean W, increased with inc'r.easin'g 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 tﬁé 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
1997 year classes. S-Q walleye exhibited the lowest mean W; and the greatest year-to-
yéar 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 S-Q wélleye may have a
indicatéd poor yellow perch and sucker.recruitment in 1997 and 1999.

S‘uckers and yellow perqh were the predominant prey of Canyon Ferry ‘Walléye.

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 (1 9’92) found walleye diets in westem Lake Er.ie reflected prey fish abundances,
whereas Knight et al. (1984) dgtermined it was a combination of both prey. preferénce ana
abundance that defined walleye diet. McM_ahoﬁ (1992) predicted that suckers and yellow

perch would provide most of the forage base fof 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 father than exhibit épecies-speciﬁc prey selectivity (Colby et al. 1979). |
The combined contribution by weight .Of suckers and yellow perch to diets of

walleye was relatively consistent ';hroughout the study. However, thel;eﬂwas 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 bez;ch seine sampling did not reflect
these changes in dipt. Griswold a1_1d Bjornn (1989) found beach seining to be an
effective technique for monitoriﬁg year-class's‘trengthyof yellow perch in Cgscade _
Reservoir, Idaho. lThus far, Canyop Ferry data has not demonsﬁated a correlétioﬂ
between seine CPUE and year class strenéth of yellow perch.

| The cause of the shift in walleye diet was not apparent until 1999 when a strong
cohort of small pgrcﬁ 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 i’nitiated.the prey shift. Perch were the dominant prey item
by number iﬁ walleye diets that 'year, but only accounted for about 15% of their diet by
weight (Figure 25). This indicated that Wal‘leye' were feeding on sméller-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. T‘he length of prey consumed by
walleye averages 28% of their body léngth (Parsons 1971 ; Nieléen 1980). Assuming thlS
average is valid for Canyon Ferry walleye, by 1998 perch produced in 1996 ;Nere too
large to be effectively presfed 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 SL;bseciuent to 1[996, although beach seine
éatchés did not reflect any changes in abundances.

These findings suggest that detailed walleye diet ‘analysis‘ coupled with W, data
might provide an indifect method of assessing production of prey fishes as an alternative
to beach seining. This assessment would require a more compreﬁensive diet analysis than
What I completed during this study. Quantifying seasonal type énd size of prey selected
by individual walleye length groups and their associated W, might help dcﬂpe relative
year class strength of indi\‘/idual prey species.

Historic datg indicated that the majority of the white sucker bioma}ss in Canyon

Ferry was tied up in large, long-lived adults. The relativély few smaller, prey-sizéd
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individuals in this 'top heavy' populaﬁon preéluded 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 c;ropping
the smaller indiYiduals, 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 ih
1984 to control an abundant white sucker population. Venditti (1 994) found fhat by 1990
walleye predation eliminated recruitrﬁent of entire year classes of white suckers. He
projected that white suckers migh’i 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
cbmmmﬁcatic;n). In Tiber keservoir, white suckeré accounted for up to 85% of fish
saﬁbled in ne;ctiné surveys before walleye were introduced in 1971. Net catches of white
suckers have been variable since walleye were introduced, .bﬁt demonstrated a declining
 trend (Colby and Hunter 1989). In gill net sampling compléted in 1996, \;vhite suckers | '
accouﬁted for just 17% of the catch. .Only larger individuals were sampled, ranging in
size ﬁoﬁ 373 to 505 mm TL (Hill et al. 1997).

Rainbow trout wére the third most common prey of walleyg, though much less
prevalent than yellow perch and suckers. Howe'ver, this data was somewhat biased.
© Most walleye diet éamplés 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 F erry. McMillan
( 1984) reported that most.of the rainbow trout planted in Seminoe Reservoir, Wyoming,
were consumed by walleye within weeks of stocking. Netting I corﬁpleted 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 -
rﬁinbow trout predation was ceﬁainly occurring, it was not intense enough'to negatively
affect the population. Standardized gill net catches and angler catch rates of rainbow
trout reméined‘ 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 i)e effectively pfeyed on by the
younger year classes of walleye that dominated the population. However, significant
walleyé predation will likely occur in the next few years as the 1996 and i997 year
classes attain sizes that can efficiently use these hatchery plants. This prédation pressure
. will be exacerbated by the continued stocking of rainbow trout in May. This is the pbst— .
spawn period for Canyon Ferry walleye, a time when fooc‘1 demands are very high énd
age-0 prey fish are not yet available to provide an abundant alternative forage base A
(Kelso 1973).

The paucity of other prey items in the diets of walleye was indicative of the
limited forage base available in C%myon Ferry. This lack of diversity is characteristic of
western reservoirs, which typically start with simp‘lg endemic species assémblagés 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
i’;ems for walle;ye if yellow perch, suckers, ana 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) repoﬁed walleye preyed on carp and crayfish in Seminoé 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.

Tﬁe results of this sfudy supported several of McMahon's (1992) conclusions in
his risk assessment evaluatiné 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 adulf[ walleye produced strong
year classes in 1996 aﬁd 1997. Gill net catches-of ﬂ(lOSCI adults averaged about one
| walleye per net in 1994 and 1995. The resulting 1996 and 1.997 year classes averaged

_ ovér 10 walleye per net in the walleye netting series in 1998. This net CPUE was higher
than those observed in most other establishe‘d \;valleye fisheries in Montana (Ml;"WP
2000). The development of the Canyon_Ferry walleye 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 female component of the
1996 and 1997 year classes is fully recruited into t'he 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 s;hort-lived; a populatidn decline aﬁd shift in size distribution was already
evidpnt. 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 long-term sustainability of yellow perch as a stable prey base for walleye 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

q
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 expeéted from Canyon Ferry into Hauser and Holter reéervoirs during
high water years. Record high di‘scharges coupled with the strongT year classes of walleye
in Canyon Ferry resuited in large numbers of walleye being ﬂushéd into both Hauser and
Holter reservoirs in 1997. Although both reservoirs historically supported low level

walleye populations, angler catch rates and gill net catches of walleye have increased to

‘record levels since 1997 (S. Dalbey, MFWP, personal communication).

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

ten-year (2000 - 2009) plan incorporated the entire reservoir / tiver complex. The
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principal objective adopted in the plan was to manage the system as a "high quality; cost-
éffective, multi-species fishery with high levels of angler sétisfaction" (MFWP 2000).
This plan formally recognized walleye as a permanent cbmponent of the Canyon Ferry
Reservoir fisheries community. Findings.of this study will provide a benchmark for the
continued monitoring of the expansion of the Ca.nyon-Ferry walleye populatidn and any

changes in existing fisheries.

Management Recommendations

The maintenance of an adequate forage base for walleye‘ is likely to be the greatest
challenge in managing for a mplti-species fishery in Canyon Ferry. An eventual forage
depletion seems pertgin given the variable recruitmner.rc‘ of yellow perch and the high
reproductive p’otenti.al exhibited by this walleye poi)ulation. A growing contingent of ‘
walleye anglers and political pressure will preclude MFWP from not considering
potential forage fish intyodu_ctions to.restore a declim'né walleye fishery. I repommend
that MFWP take proactive measures to address this issue. An environmental assessfnent
should be prepared evaluating the potential Iihtroduction o‘f various forage fishes into
Canyon Ferry. This will encourage oinen coﬁmunicatioﬁ about this issue and provide a
solid foundation in which to address it in the fﬁture. Concurrenﬂgl3 greater emphasis
should be dirgcted towards understanding yéllow perch population dynamics. Little is
currently known about the reservoir's yellow perch populatipﬁ outside of age and gfowth
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
.dynamics 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 Cariyon Ferry Reservoir.
Substantial walleye predaﬁon of rainbow trout could occur beginnihg in 2000.

The 1996 and 1997 year classes of walleye are attaining sizes that can effectively prey on
the yearling rainbow trout currently being stockgd 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 pfesence oi‘ walleye (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 winfer reduced their vulnerability to predation (Yule et al. -
2000). Because of the similaritiés 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 personnel should evaluate the logistics of
autumn plants of rainBow trout énd determine the feasibility of experimenting with small
lots 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.
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Lasﬂy and most importantly, historic data and data collected during this study
provide the baseline for this to be one of the best documented cése 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 c;f this walleye
population and the resulting system-wide effects éhould be a top priority for MFWP. The
recreational value of these ﬁshefies and the level of public interest watrants the
éon’imitment of a full-time biologist to this broject.- This will ensure that the curfgnt level
of attention dedicated to the managément of this changing fishery is maintained, and tﬁat

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 underwater 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 iﬂtrasonic telemetry (Kelso 1976; Pitlo 1978; Summers 1979; McConville and
Fossum 1981; Héidingef and Tetzlaff 1989; Prophet et al. 1989; Parks and Kraai 1991;
Binkley 1996; Williarﬁs 1997; DiStefano and Hiebert 2000).

There was no pre-existing information on the newly developing walleye
Stizostedion vitreum population in Canyon Ferry Reservoir. Prior -tq 1994, Montana Fisﬁ,
Wildlife and Parks (MFWP) personnel had sampled just 21 individu.als in the r‘es_ervoir. I
used ultrasonic telemetry to gaiﬁ a basic understanding of seasonal distribution and
habitat use of adu.lt walieye in Canyon i?erry.‘ This information was essential for MFWP
to develop effective sampling teéhm'ques forvﬁlonitoring 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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ﬁshe_ries.managenﬁent plan (MFWP 1992). Special effort was directed at idehtifying
walleye spawning areas. Walleye exhibit fidelity to specific spavm;ing sites (Olson et al.

1978; Colby et al. 1979; Craﬁg 1987). The identification of these spawning areas was

critical if MEWP was to effectively remove adult walleye from Canyon Ferry. Specific

objectives of this study were to: 1) monitor seasorial 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

brigin 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 Buﬁaau of
Reclamation (BOR) operates Canyon Ferry as a water storage reservoir and reéulates
water levels for ﬂodd controi, irrigatiqn, municipal water supply, power production, and
recreation. Becauge it is a storage resérvoir, it controls the flow regime of the two lower, -
run-of-the-river reservc;irs .(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 Holler
reservoirs and associated dams.
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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 énd 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, respectii/ely. The annual drawdown is about 3.6
m and hydraulic retention averages about 135 days, bﬁt can range from 50 to 200 days
depehdiné on the flow regime and reservoir elevation (Priscu 1987). Canyon Ferry is a
productive reservoir and has been classified 'a‘js' slightly eutrophic (Rada and Wright 1979)
to hyper-eutrophic (Horn and Boehmke 1998) based on chlorophyll @ 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 subst'rat.e is ‘
predominately mud and silt depositéd from the Missouri River. The north Cower) 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 reservofr, 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.
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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 créeks) 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. Addition_al
water is released at a depth of 33 m into a pump intake to supply the Helena Valley
Regulating Reservoir with irrigatioh and municipal water. During spring run-off when
discharge exceeds the ca;pacity of the power penstocks, excéss water is released throughv
four radial gates at the surface and through four 2.1-m diameter river outlets at a dep’;h 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
res'ervo‘ir deveiop .a weak t‘hen;locline during the summer, gene;ally at a depth of 12 t6 25
m (Horn and Boehmke 1998). Itisa dimiqtig reservoit, turning over in early to mid-
October and aga'in in the spring at ice-out. Canyon Ferry is typically ice covered from
mid-December through March. The shallower, upper end of the reservoir is the first afeé

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

Walleye Sampling

Expérimental-mesh sinking gill nets were set speciﬁcally targeting adult walleye
to implant with ultrasonic transmitters (model CHP-87-M, Sonotroniqs 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 oﬁented u]t.award'. 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 tov;/el 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 -(Su;rimerfelt 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 docile.

A 3 to 4 cm incision was made into the median ventral body ca:vity 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 WCI‘G.: use& to close the incision
following insertion of the transmitter. Typically, 5 to 7 sutures containing t'\‘zvo 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 iﬁcision
‘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.

Instrumented Walleye

Ultrasonic telemetry has proven to be superior to radio telemetry in lakes and
reservoirs, where a corﬂbination of Ejgh conductivity and deptﬁ can result in attenuation
of radio signals (Stasko and Pincock 1977). Thirty—eight adult WalIeye were implanted
. with ultrasonic transmitters during the stﬁdy: 12 in spring 1994, 12 in auﬁunn 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 fémale walleye were implanted wrch
transmitters in spring 1994 becaﬁse 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) telemetfy data were collepted from

38 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), séx, age, and transmitter code 6f

telemeterized walleye in Canyon Ferry Reservoir, Montana.

Age Transmitter

Total .
Date length  Weight Sex
04-14-94 737 4,536
04-28-94 544 1,601
04-28-94 538 1,615
04-29-94 597 2,250
04-29-94 - 541 1,656
04-30-94 526 1,606
04-30-94 627 2,676
04-30-94 526 1,701
05-01-94 533 1,601
05-01-94 566 2,159
05-01-94 538 1,787
05-01-94 615 2,948
10-18-94 610 2,858
10-18-94 538 1,792
10-20-94 610 2,858
10-21-94 605 . 2,563
11-03-94 500 1,374
11-03-94 483 1,361
11-09-94 490 1,383 -
11-10-94 627 3,311
11-10-94 635 3,447
11-10-94 513 1,669
11-11-94 538 1,987
11-11-94 635 3,515
05-25-95 653 3,493
10-20-95 632 3,856
10-20-95 617 - 2,631
10-24-95 572 2,223
10-24-95 673 4,627
10-25-95 665 3,674
10-26-95 597 2,631
11-09-95 584 3,084
11-14-95 533 1,706
11-16-95 541 1,823
11-16-95 561 1,796
11-16-95 589 2,359
11-18-95 566 2,381
11-18-95 612 3,175

FTERRRRARAALRRAAALR T IZRERRRRETEEEERRERERER

8-8
"2-4-9
2-5-8
2-6-7
2-7-6
2-8-5
2-9-4
3-3-9
3-4-8
3-5-7
3-6-6
3-7-5
3-8-4 -
4-4-7
4-5-6
4-6-5
5-5-5
2-2-4-6
-+ 2-2-5-5
- 97
2-2-2-8.
2-2-3-7
2-2-6-4
2-2-7-3
2-3-2-7
2-3-3-6
2-3-4-5
2-3-5-4
8-8 (A)
2-3-6-3
2-4-2:6
2-4-3-5
2-4-4-4
2-4-5-3
2-5-2-5
2-5-3-4
2-5-4-3
2-6-3-3
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Locating Telemeterized Walleye

AN

The ultrasonic transmitters used in this study were self-identifying in that
individual tags emitted a unique aural qdde (.., tfanémitter 3-4-8 denoted by fhree beeps,
pause, four beeps, pause, eight t;eeps, pause, fepeat), allowing for the identification of - |
indi-vidual walleye. Telemeterized waliey’e were located weekly during ice-free months
(Aprii through Decc?mber) using a 6-m inboard jet boat fitted Wlth a side-mounted
retractable Sonotronics hydrophone (model DH-2) coupled with a Sonotronics digital
recéiver (model USR-5W). Canyon F erry Reservo%r was systematically searched for
telemeterized fish by moving the boat parallel to the shoreline and methodically listening
for signals. Raﬁée of transmitters was influenced by environmental conditions (e.g.,
Wavé action, thermal stratification, algal blooms), and dictated distance between listening
stops. Upon detection of a signal, successive triangulatiqns enabled me ;co get in close
proximity to the instrumentea 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).

Wiﬁter 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 used 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 Wwater

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

Data Analysis

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 =\ Kirt - X)* + Vi1 - 72)?

Where x; and y; represent the first and X;y; 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 wélleye from their previous locations.
Weekly aggregation values were determined by calculating an overall mean fdr the
-dista.nces'between each individual instrumented walleye located. Mean weekly
movement and aggregation distances were averaged for in&ividual two-week periods to
derive an overall nﬁean \'/alu'e. ' Safety considerations precluded the collection of
comprehensive Wiﬁtc%r 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 locati(;n sites of instrumen‘;ed walleye

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

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

The GLM univariate procedure (multi-fa;:tor ANOVA) was useci to test for
significant interaction 1tA)et‘ween season ﬁnd year effects in movement, aggregation, water
depth, and secchi disk depth analyses. If the interaction was not sigm'ﬁcanf (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 signiﬁca;lt differénces were detectéd,
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). | _

Tele‘nietry locations were projected into Montapa 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

Relocation Data

Instrumented walleye were located 972 times froﬁa April 1994 through September
1996. Nearly half (43%) of all relocations dccuned during summer (8 May - 15 August):
Spring (1 April - 7 May) and aﬁtumn (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
numbe; 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. Relativély few

.relocations were collected during the Winter in 1994 and 1996.

Table 17. Seasonal distribution of telemetry relocations 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
ultimgtely recaptured in gill net sets ‘spe.ciﬁcally 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 ﬁet in 1994, and walleye 2-5-8

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

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 éycle lwas 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 iﬁ 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 Apiil.

. Post spawning, telemeterized walleye mqved 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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Canyon Ferry Dam

e 1994
e 1995
# 1996

4 Kilometers

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 33. Distance (m) from dam of individual relocation points of telemeterized
walleye in Canyon Ferry Reservoir, Montana, 1994 - 1996. Solid line represents mean of
distances from the dam.



122

Canyon Ferry Dam

# 1994
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S 199
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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 (F igure 35). There was a gen;aral east to west movement of iﬁstruniented
walleye as summer progressed. Walleye were typically distributed from the mouth 6f 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 eqd of the
reservoir for varying periods of time before migrating back to the south end prior ’;o the
spawning period. This annual north to south (lower to upper reservoir) movemént pattern
was exhibited by all telemeterized walleye. |

Certain individual walleye exhibited movementé that were uniciue compared to the
established patterns of other iﬁstrumented walleye. Walleye 2-6-7 migrated to the north
end of the reservoir in June 1994 and 1995 and remaiﬁed there through lautumn. Walleye
3-4-8 used two mid-reservoir bays in late summer and autumn 1994 and 1995 before
migrating to the north end in late October. This was the only instrumented walleye to.
occupy mid-reservoir habitats for extended periods of time. In 1995, walleye 2-2-4-6 did
not migrate to the south end of the reservoir until rﬁfd May, about a month later than other

instrumented walleye. Walleye 2-5-2-5 showed similar délayed movements in spring

- 1996.
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Canyon Ferry Dam

S 1994
# 1995
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4 Kilometers

Figure 35. Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, during
summer 1994 (n = 138), 1995 (n = 139), and 1996 (n = 140).
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Canyon Ferry Dam

© 1994
# 1995
1996

4 Kilometers

Figure 36. Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, during
autumn 1994 (n = 85), 1995 (n = 109), and 1996 (n = 39).
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Canyon Ferry Dam

# 1994
e 1995
e« 1996

4 Kilometers

Figure 37. Location of telemeterized walleye in Canyon Ferry Reservoir, Montana, during
winter 1994 (n = 7), 1995 (n = 96), and 1996 (n = 23).
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Movement Rates
Telemeterized wélley.e 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 soutﬁ end of the reservoir (Figure 38).

Th?e highest mean movement rate (m/week) was observed in Iate August 1994
(mean = 14,833; SE =5,017). This period exhibited the only significant change in
movement from-the‘ previous two-\.zveek periéd for all three years of the study (Figure 38).
However, there v&ere sigﬁiﬁcant differences in mean movementv rates among individﬁal

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 periqd (Tui(ey; P <0.05). Similarly, during 1996,
mean movement rate of waileye in early September was significantly higher than the
mean movement rétes observed fc;r the late Aprﬂ through early July period (Tukey.;
P< 0.05). There were no significant differences among mean movement rates of walleye -
for individual two-week periods in 1995‘(ANOVA; P =0.072). |

The interaction of year and season effects on movemént rétes 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 < 0.05).
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signiﬁeanﬂy among years (multi-factor ANOVA; P = 0.387); seasonal movemeﬁt rates
differed significantly (multi-factor AN O_VA; P=0.001). Walleye movement in autumn
(mean = 5,899; SE = 684) was sigrﬁﬁcantl}; higher (Tukey; P < 0.05) than in spﬁng (mean
= 3,066; SE = 500) and summer (mean = 3,969; SE = 357). There was no significant |

difference between spring and sumrﬁer movement rates (Tukey; P > 0.05).

Aggregation Analyses

Weekly mean distances (m) among individual telemeterized walleye (i.e.,
aggregation) were highest in August / early Septeniber and in late November / eaﬂy
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 hi‘ghest 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 Mey 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). Sigﬁiﬁcant 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
AN OVA; P <0.001). Sighiﬁcant 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 aggrégated in summer than all other seasons in 1995; conversely,
walleye were signiﬁéantly 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 25,540 (453) 5,457 (264) no data 0.823
1995 9,530 (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

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

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

P> 0.05). Mean aggfegation Vélues differed significantly across all seasoﬁs 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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Habitat Preferences

Te!emeterized walleye used shallower, more turbid habitats in spring and summer
relative to autumn and winter (Figures 40 - 43). The narrowest rangé of habitats was used
during summer (Figure 41), and the greatest range.: dﬁring 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 meésurement 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—fa;cto‘r ANOVA; P =0.245); |
season effect and the interaction of year and season effects were significant (fnulti—factor
ANOVA; P<0.001,P< 0.>001; respectively). Mean water depth at location sites differed
significantly across all seasons w.ithin 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
AN OVA; 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 in 1995 (Table 20). Mean secchi disk
depth at winter location sites did not differ signiﬁcanﬂy 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). ' '

spring summer autumn ‘ winter P

1994 insufficient data °3.09 (3.49)  *10.52(10.76)  no data <0.001
1995  *%6.53'(9.68) 23,87 (4.52) .b8.52‘(9.56) "5 46 (6.09)  <0.001

1996 .47 (2.45) ®%4.79(5.60)  insufficient data ©9.66 (3.50) -<0.001

* Seasons: spring - 01 April through 07 May; summer - 08 May through 15 Angust; 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 *I.11 (0.83) ®2.98 (1.06) nodata  <0.001
1995  °150(153)  0.76(0.69)  °1.98(0.92)  °1.68 (1.49) <0.001

1996 049 (0.76) 0.80(0.62) insufficient data °3.31(0.65) <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.
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DISCUSSION

Two basic assumptions of most telemetry studies are that instrumented
individuals represented an unbiased salﬁpling of the population, and that behavior of
those individuals was npt affected by the methods used (White and Garrott 1990). The
- extensive effort required to sample adult walleye in Capyon 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 Ferguso.ﬁ and Derksen (1971) repbrted that discréte walleye spawning stocks | |
intermingled extensively after the spawning season. It is unlikely that separate stocks of
walleye (if preéent) would remain spatially'segfegéted throughout the year in Canyon-

: Ferry_. Thus, I b’elieve my extensive sampling efforts provided an unbiased representation
of adulf walleye in Canyon Ferry. It should be recognized that results of this study s_olely
reflected 'mo'vements and habitat use éf adult walleye and should not be extended to
juveniles. Juvenile Wélleye may not use the same habitats or exhibit similar movement
patterns as adults because of different life history requirements (F erguson and Derksen
1971; Olsc;n etal. 1978).:

The surgical procedure and carrying of transmitters did not appear to affect mc':>st
instrumented walleye. Sixteen of the 28 walleye I collected long term data from were
recaptured in gill nets. All of these individuals except one e,xhibited normal growth,
cohdition, a.nd spawning behavio;. Walleye 8-8 declined in copdition 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 resﬁlting from the surgical
procedure and tré;nsmitter implantation.

The four .instruménted walleye that remain unaccounted for could be attributed to:
D surgery related mortality,.2) angler harvest, 3) movement into an adjacent water body,

- or 4) transmitter malfupction. All four of these walleye were actively moving and
appeared otherwise healthy at the time they disappeared. I collected loca-tio'n data from
each of them for a minimum of a month following their release. I. tracked waileye 2-2-3-7
for five months and observed it migrate from the north end of the reservloir 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 Wallleye that died following implanting generally did
not move after release and were easily located. It is pos;ible 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 weie
labeled with reward information, which should have encouraged their return. These

‘walleye po_tential-ly could have moved ul.)stream into the Missouri River or downstream
into Hauser or Holt'car reservoirs. I épent three days in 1994 and four days in 1995

' at_te_:mpting to lbcate these walleye in. the 37 km se<l:tion of Misspuri River between
Canyon Ferry and upstream Toston Dam. Range of sonic transmitters was greatly limited
in runniﬁg water due to backéround noise generated by the vs./ater current. Thus, I cannot
deﬁnitively-' state that these walleye were n.ot‘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,
I was confident I adequately covered these water bodies. During autumn 1994, I had lost
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. It is possible that defective capacitors resulted in the failure of those
transmitters aé well.

Telemetry proved to be a valuébie tool for identifying seasonal habitat use and
movements of Canyon Ferry walleye, including the idér_1tiﬁcation 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 areés has been observed-in other poi:;ulations. Crowe (1962) reported that all
walleye populations investigated in Michigan exhibited homing tendencies to specific
spawning sités. Olson and Scidmore (1962) notéd that walleye in Many Point Léke,
Minnesota, peturned to spawn at the same sites despite’the availability of other spawning
areas. Telemeterized walleye in Holter ‘Reservoi‘r, Montana, retp.rned to the same
spawning areas in consecutive years (Binkley 1996). Sirﬁilar examples of walleye
exhibiting ﬁdeiity 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 pobulations. 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 areas 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 (1 989) reporteci
that separate stocks of wa}leye in Lake Shelbyville, Illinois, exhibited preférences for
both river and lake spawning habitats. Suitable walleye spawning. habitat was identified ‘
in the section of Missouri River between Canyon Ferry and upstrea;n Tosto‘n Dam
(McMahon 1992). The potential existence of additional reservoir spawning stocks and
separate river-spawning stocks {Jvas recognized in'my study design. Limitg:d 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. I did not lose contact with any of the instrumented walleyé
during the spawning period, which indicated fhey did not use theriver. No walleye have

been observed in limited electrofishing completed on this section of river each spring by

MFWP (R. Spoon, MEWP, personal communication). Because Walieye 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 rginforced by repeated migrations. Pféviously cited
examples of homing were reported for long established or native walleye populations.
Spawning site ﬁdeljity exhibited by Canyon F erry 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 iﬁto 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) I 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 méanderings.

Assuming theée walleye first spawned at age 5, the movement they demongtrated likely
indicated their general attraction to that portion of the reservoir and vx'fas not indicative'of
a repeated trip to the spawning area.

The spawning area used by Canyon Ferry walleye providea a unique environmeﬁt
relative to the remainder of the reservoir. Because of its shaliow 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 sﬁspended solids towards the southeast shoreline. This turbid
water acteci 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 ﬁ1a’§ 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 inc£eased by their proximity to open-water feeding areas. They defined feeding areas
as "chosen 'locatioﬁs for feeding during c;pen-water éeasons 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 aréa to the
identified spawning site in Canyon Ferry may help explaih the complete fidelity exhibited
by walleye to this one spawning site.

Olson et al. (1978) suggested that adult walleye also ﬁome to feeding areas. This
: behavior is élso considered to be iearned. Most instrumented walleye in Canyon Feﬁy
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 deﬁth, turbidity, and fiver ‘inﬂdws resulted in warmer water temperatures earlier
in the year relative to oth;ar areas of the reservoir. The physiological optimum
temperature er 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
e:nvironment and"longer grow‘ing.season relative to what was available in other portions
of the reservoir. The exceptional growfh exhibited by Canyon F erfy walleye (Chapter 2)
reflected their efficient ﬁse of this unique reservoir environment.

The pfeference exhibited by walleyc;, for tile soufch end of the reservoir can .
probably be éxtende'd to forage fishes. It islikely they sought out this warmer water for
rearing, although this could not be substantiated By any sampling I completed. Hov;/ever,
the availability of an abundant forage base on this end of the reservoir was evidenced by
the excellent gr(;wth and condition of Canyon Ferry Walleye. This may have beén further
substantiated by the reduced movement exhibited by walleye during the summer. Schupp
(1972) suggested that movement of walleye during the summer months was iﬁversely
related to the abundance Qf aée-O 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 Férry. 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 the principle variable that regulated
depth, activity, and feeding of walleyé. Ryder (1977) hdted that walleye avojded 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
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turbid plumes aéso_ciated with eroding clay banks along shorelines. Pitlo (1978) observed
that walleye in West Lake Qkoboji, Towa, used rooted aquatic vegetation to reduce light
intensities. In tlerid lakes, wa_ﬂleye can feed throughoﬁt the day (Rydér' 1977). The
highiy turbid conditions on the south end of Canyon Ferry provided Wal.leye with
aciequate co'ver from ambient light and an optimal feeding environment. Scott and

Crossman (1973) noted that optimum walleye ‘feeding occurs at water transparencies of
9 riC 1 '

- 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 reéervoir 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 preferen.ce to overwinter in deeper water is a plausible

explanation for ihe 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 intoi deeper water during autumn and winter months.

Walleye in Center Hill Reservoir, Tennessee, moved into deep channel areas of major

tributaries for the autumn anci winter (Ager 1976). Steadily dropping reservoir elevations

throughout the summer may ha\.fe triggered this movement pafterh in Canyon Feﬁy.

However, the r‘eturn of several instrumented walleye to the south end.of the reservoir in

late autumn before ice-up and later in wintér following ice development weakens this o I

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 mbi&iw 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 dep’;hs on the south end of the reservoir did
ﬁot 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 ‘bega_n 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 ‘movemcnt would occur at about the
same time each summer, giv'en 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
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reservoir may have reflected their following this prey base, or possibly their seeking out
alternative forage. This is speculative as little is known abou‘; the movement aﬁd
distribution of suckers and yellow perch in Canyon Ferry, particularly-the juyeniles 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 ’Furbidity or high water temperatures. The seeking of deeper; Wérmer
water for overwintering is a reasonable hypothesis; however, there is no obvious
explanation why equally suitable habitats available in the 1;1iddle portion of the reservoir
would not have been used by walleye. The availability of forage is also éro‘bably‘ 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 theré |
w.as aﬁple forage av.ailable ,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 resérvoir in early autumn. A secondary peak that occurred in late autumn
1995 was attributable to movement back s'outh towards the spawning area By séveral
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 autuimn, when walleye were much niore
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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 reporte& 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 estéblished, walleye movement was significantly less in éummer than spring
and winter (Willian{s 1997). Ager (1.976) 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) conésponded with high
movement rates, and conversely, low aggregation values (i.e., less dispersed)
correspf)nded with low movement rates. Thus, the ﬁighést aggrega_tio'n values occurred
during the late summer and early autumn movement to the north end of thé reservoir, and
in late autumn and winter when walleye ‘were_ distributed between the north and south
ends of the réservoir. The lowest aggregation valueé generally occurred dﬁring summer
when mos;c Walleye' wére located on the south end of the re.servoir. Although not
discernable from the weekly or seasonal aggregation values reported, I commonly
observed instrumented wallleye élosely 'schooled' (up to five individuals at one location)
during all seasons.

Walleye were not as aggregated on the spaWning area as is often described in the
literatufe. Recognizing the dispgrate spawning behaviors exh,ibited by each sex helps

explain the reason for this. Méyle walleye generally arrived on the spawning area at
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ice-out and r.emained there for several weeks, often closely associated with other males.
They did not vacate fche spawning a:re:a during the day for deeper water, as was reported by
Eschmeyer (1950). ThlS possibly indicated that spawning activity occurred during the
daytime, as was reported by Ager (1976). Female walleye did not always immediately
migrate frorﬁ the north end of the reservbir 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 untll moving in to spawn. After spawning was
completed, the females moved back off the spawning area into deeper water. Simil;ar
walléye spawning beha;viof was described by Eschmeyer (1950) and Forney (1963).
Ranges of water and secchi disk depths at relocation sites were greatést in autumn
and winter when instrumented wélleye were often pelagic on the north end of the
reservoir. Walleye wete 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. |
Segsonal water and secchi disk depth values I reported should only be used as
approximations of habitat preferences of walleye. At pelagic relocations, I v;fas not able
to determine if walleye \-Nere suspended in the water 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'dur‘ing

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 sélection. Seééonal movement aﬁd distribution of
instrumented walleye remained consistent throughout the study. Thus, recorded habitat
parameters at relocation sites are likely"mbre indicative of their availdbility 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 challepged 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 predetermihed objectives (Wﬂey and Wydoski: 1993). Key to the
successful implementation of these methods is that the targeted speciés is accessible.

Telemeterized walleye Stizostedion vitreum in Canyon Ferry exhibited comple_té .
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 importaﬁce to confirm that the telemetry-identified area was the only
spawning site being used by walleye. I recognized that the area identified by
instrumented walleye may not signify the only spawMﬁg area in Canyon Ferry. The '
objective of this study was to evaluate the effectivénesé of telemétry 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 séuthwest
Montana. The upper end of the reseryc;ir is located abéut 40 km downstream of the -
origin of the Missouri River at the confluence of the Jefferson, Gallatin, anci Madison.
rivers near Thfee Forks, Montana: Canyon Ferry Dam is located on the north end of the
reservoir and is about 23 km east of Helena, Montaﬁa. The United States Bureau of
Reclamation (BOR) operafes Canyon Ferry as a water storage reservoir and 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 storagé 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 depthé of 17.8 m arid 50.1 m, respectively. The annual drawdown is about 3.6
m and hydraulic ret_entior_l 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 Wil.’ld events are comumon 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 M_issouri River. The north (lower) end of
Canyon Ferry.is much narrower and deeper. It has numerous small bays with steeply
sloping, rocky shoreliﬁes, particularly off the peints of bays. There are also several rocky
isiands on the north half of the reservoir, some of which are submerged when the
reservoir is at full-pool. Generally, there is greater habitat complexi’ey on the north end of l
the reservoir compared to the souther’n 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 minimumi storage
leveis 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 ie typically ice covered from mid—Deceﬁber through March. The
shaliower, upper end. ef 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.
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METHODS

Sampling Design

Potential walleye spawning éiteé 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 ideﬁtiﬁed based on preferred spawning
habifat criteria including substrate, depth, contour, temperature, and water'circulation '

‘ (Colby et al. 1979; McMahon et al. 1984). Six potentiél 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 seiected 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, 202, 28°, 22, 33,34

2 gill net only
® electrofishing only

Sampling Protocol 1995

Relative abundances of wallejre 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 épawning area 22 times
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2 0 2 4 Kilometers

Figure 45. Potential walleye spawning sites identified in upper reservoir stratum. Canyon Ferry
Reservoir, Montana.
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4 Kilometers

Figure 46. Potential walleye spawning sites identified in mid reservoir stratum, Canyon Ferry
Reservoir, Montana
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Canyon Feny
Dam

4 Kilometers

Figure 47. Potential walleye spawning sites identified in lower reservoir stratum. Canyon Ferry
Reservoir, Montana.



163

over seven different e_venings 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 numbef per trap net night. Middle and lower
reservoir strata were not sampled with trap nets beéause of time constraints.
Electr;)ﬁshing_ was conducted with a boom-suspended S}.rstem. mounted on a 5-m
aluminum flat-bottom river boat equipped with a 90-hp Yamaha jet outbloard motor.
Electricity was generated by a Honda 5000 watt genefa;tor converted into pulsed direct
current with a Coffelt VVP-15 electrofishing unit. Eiectroﬁshjng transects We_r;a sampled
during nighttime to optimally sample sﬁ)awning ﬁsh‘ (K. Binkley, R-2 Resource
Consultants, personal communication). Electrofishing was ;:ompleted on the telemetry-
identified walleye spawning area on 26 April and 05 May. The entire spawning shoreline
was ele;:troﬁsiled 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 15wice. Time.spent electrofishing at each site was recorded and
catch per unit effort (CPUE) was calculated by diyiding 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 sarhplé 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.Apri1 and 05 May. Potential walleye spawning sites in the
upper aﬁd middle strata were sampled with gill nets only. Gill nets were set overﬁight 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 num‘ber 50 was sampled with three gill-net sets; site number 5 was not
sarﬁpl’ed 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 el’ectroﬁshing was combleted 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 entiré shoreline at each site was sampled. Because of possible
conflict with shore-anglers, potential walléye spawning site number 28 was only
electroﬁshe.d; site number 20 was substituted for gill net,sérﬁpling. 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.

Walleye“ catch rates in trap nets and gill nets were compared in spring 1996. Trap
nets were set in close proximity tc‘) gill nets on the telemetry-identified walleye spawniné '
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
effegtiveness in sampling walleye. All statistical analyses were performed with SPSS for
Windows (1999). | |
A Hobo™ XT the_rmograph was installed at the one identiﬁéd spawrﬁﬁg 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

Spring 1995

Trap 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 (Tablei 22). White suckers
Catqstomus commersoni dotninated 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). Tlllese three species combined constituted nearly
95% of all fish sémpled in trap nets set on the Waileye spawning area. Other sp‘ecies
sampled less commonly included longnose suckers Catostomus catostomus, mountain
whitefish Prosopium williamsoni, burbot Lota lota, common carp Cyprinu& carpio, Utah
cﬁubs Gila atrarz'.a, and stonecats Noturus flavus. 'Four trap nets beached by high wind

events were not included in the netting summary.




Table 22. Individual catches, total and mean (SE) catch by species, and percent composition of total catch for all fish captured in
trapnets 'set overnight on identified walleye spawning area in Canyon Ferry Reservoir, Montana, spring 1995. Asterisks denote sets
not included in overall summary. .

Water Rainbow  Brown White Longnose  Min. Yellow = Common  Utah

Date temp (C) Walleye trout trout sucker sucker whitefish  perch Burbot carp chub - Stonecat
16 April* 90 0 0 0 5 0 0 0 0 1 0 0
16 April 9.0 1 25 0 77 0 1 10 0 4 0 0
21 April* 95 0 23 0 3 0 0 1 0 0 0 0
21 April* 8.0 .0 19 0 6 0 0 2 0 0 0 0
21 April 9.0 0 33 0 39 0 0 3 0 1 0 2
21 April* 80 0 0 0 0 0 0 0 0 . 0 0 0
22 April 105 1 11 0 13 0 0 2 0 0 . 0 0
22 April 105 0 11 0 27 1 0 13 0 0 0 1
22 April 10.0 0 2 0 17 0 0 15 1 0 0 0
22 April .95 0 18 0 86 0 0 2 0 0. 0- 5
22 April 9.0 0 5 0 18 0 0 4 1 0 0 0
22 April 9.5 1 21 0 53 0 0 0 0 0 0 0
25 April - 12.0 0 15 0 30 0 0 1 0 0 | 1 1
25 April 12.0 0 28 0 107 0 0 70 0 0 7 1
27 April 115 0 14 0 33 0 0 2 0 0 2 1
2 Apil 105 0 40 0 180 0 0 8 1 1 2 1

991




Table 22. Continued.

Rainbow  Brown

White Longnose  Min.

Common Ufah

Water _ Yellow

Date - temp (C) Walleye trout trout sucker ~ sucker whitefish  perch Burbot ~ carp chub Stonecat
28 April 10.0 0 -8 0 59 0 0 5 2 2 9 0
28 April 10.0 0 -~ 6 -~ 0 65 0 0 3 3 6 9 0
28 April 10.5 1 40 - 0 172 0 0 2 0 2 1 5
28 April li.O 0 5 0 17 0 0 0 0 0 2 07
02 May . 10.0 0 50 0 12 0 0 . 2 0 1 0 3
02 May - 10.0 0 17 0 1 0 0 -0 0 0 0 0
thal ;:atch: ! 4 349 0 1,006 T 1 . 142 8 17 33 20
Mean number per trap net: 02 19.4 0 55.9 0.1 0.1 7.9 0.4 " 0.9 1.8 1.1

(0.10) (3.28) ©) (12.33) (0.06) (0.06) (3.80) 0.20) 0.39) 0.73) 0.39)
Percent of tota] catch: 0.3 221 0 63.6 0.1 0.1 9.0 0.5 1.1 21 1.3

LIT
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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 excluded from the netting surhmary because it was beached by high winds.

Electrofishing

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 wﬁile
electrofishing on the spawning area on 05 May, nor at any of the potential spavyiﬁng sites

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

Walleye Abundance on Spawning Area

Insufficient numbers of walleye were safnpled 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%) éaptured at least one adult walleye

(Table 26). Common carp dominated the catch (mean = 14.5, SE = 2.52), comprising




Table 23. ‘Individ4ua1 catches, total and mean (SE) catches for individual species, and percent composition of total catch for all fish
captured in trap nets set overnight on potential walleye spawning sites in upper Canyon Ferry Reservoir, Montana, spring 1995.

Asterisk denotes set not included in overall summary.

Site Water Rainbow  Brown White Longnose  Mitn. Yellow . Common  Utah

Date number temp (C) Walleye trout trout sucker sucker  whitefish  perch Burbot carp chub Stonecat
16 Aprl 1 95 0 33 0 13 o 1 20 115 0 0
16 April 1 9.5 0 25 0 14 0 1 16 0 4 0 0
16 April 47 7.0 0 1 0 13 0 0 1 0 0 0 0
16 April 47 7.0 0 1 0 33 0 0 0 0 0 0 0
21 April 46 8.5 0 28 0 319 0 0 1 0 1 0 0
21 April* 46 85 0 0 0 3 0 0 0 0 0 0 0
21 Apil 50 13.0 0 13 0 149 0 0 8 0 0 0 0
21Aprl 50 13.0 0 39 0 213 0 0 23 0 10 0 0
2Apil 1 105 0 73 0 94 0 0 8 0 2 0 1
22 April 1 9.0 0 30 0 67 0 0 9 0 2 0 0
25 April 4 120 0 70 0 17 0 0 0 0 0 1 0
25 April 4 115 0 31 0 34 0 0 0 0 0 1 2
25April © 49 110 0 0 0 25 0 0 6 2 0 0 1
25April 49 105 0 0 0 23 0 0 13 0 0 0 0
25Apil 50 110 o 4 0 99 0 0 4 0 2 1 1
27Apil 4 120 0 28 0 38 0 0 1 0 0 2 0

691




Table 23. Continued.

Rainbow Brown = White Longnose Min.

Yellow

Site Water ] Common  Utah
Date number temp (C) Walleye  trout trout sucker  sucker whitefish perch = Burbot carp chub  Stonecat
27 April 4 10.0 0 12 0 77 0 0 0 0 1 0 1
27 April 46 10.0 0 13 0 39 0 Y 0 0 0 0 1
27April 46 105 0 2 0 25 0 0 0 1 4 0 0
27 Apil 47 100 0 0 1 0 0 0 0 2 0 0 0
27Apil 47 100 0 14 0 58 0 1 2 0 0 0 0
28 April 1 12.5 0 27 0 56 0 0 6 0 0 1 0
28 April 1 13.5 0 24 0 71 0 L 0 1 1 0 0 0
28 April 50 10.0 0 182 0 8 0 0 0 0 0 0 0
28 April 50 9.5 0 5 0 18 0. 0 6 0 0 0 0
02 May 49 9.0 0 -5 1 7 1 0 1 0 0 0 0 \
02 May 49 9.5 0 0 "1 5 0 0 0 0 1 0 1
02 May 46 9.0 0 8 0 7 0 0 0 0 _ 0 0 1
02May 46 8.5 0 5 0 29 0 0 0 4 0 0 4
02 May 4 90 0 7 0 6 0 0 0 0 0 2 .0
02 May 4 9.5 0 179 0 16 0 0 1 0 | 0 0 0
Total catch: - 0 879 3 1,573 1 3 | 127 11 42 8 13
Mean number per trap net: 0 293 0.1 524 '<0.1 0.1 472 0.4 14 0.3 0.4
| ’(0) (8.24) | 0.06) (12.54) (0.03) 0.06)  (1.15) 0.16)  (0.60) 0.11)  (0.16)
Percent of total catch: ] 33.0 0.1 59.1 0 0.1 48 04 1.6 0.3 0.5

OLT
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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 Total time  Walleye
Date (© 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 30.47 0 0
02 May 49 8.5 2321 0005 4418 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 1 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 0105 11.60 0 0
15 May 26 9.5 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 0 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 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 (©) Walleye trout trout sucker carp
15 April 8.5 4 : 0 0 0 12
15Apil 9.0 1 1 0 0 17
16 April 10.0 9 6 "0 0 15
16 April 10.0 4 4 0 0 21
19 April 9.0 9 3 0 0 2
19 April 8.5 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 0 0 4
29 April 11.0 12 4 0 0 29
29 April 12.0 3 4 0 0 31
30 April -85 0 3 0 0 1
30Apil . 7.0 3 5 0 0 13
02 May 8.5 0 7 0 .0 1
02 May 7.5 0 7 0 0 7
03 May 10.5 0 2 0 0 39
04 May 9.0 5 10 0 0 25
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) 0) (2.52)

Percent of total catch: 15.7 20.5 0 0 63.8
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64% of the total catch. Rainbow trout were samialed 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 - ©) Walleye trout trout sucker carp
~ 01 May 50 9.0 0o .9 1 0 13
01 May 50 8.5 0 24 0 0 7
03 May 49 8.5 0 3 1 0 15
04 May 4 7.5 0 11 0 0 8
04 May 47 ' 8.0 .0 3 1 0 8
04 May 48 . 80 0 4 1 0 13
04 May 49 8.0 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 0 0 0 0 2
05 May 50 10.0 0 13 . 0 0 15
07 May 6 115 0 2 1 0 15
07May 10 10.0 0 4 0 0 10
07 May 11 - 10.0 0 4 0 0 23
07 May 40 8.0 0 3 0 0 8
0 0 0 0 9

07 May 41 8.5
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Table 27. Continued.

Water temp Rainbow  Brown White Common

Date " Site O Walleye trout trout sucker carp

07 May 44 10.0 0 2 0 | B 9

08 May 6 8.5 0 15 0 0 11

08 May 44 85 0 12 0 1 14

08 May 10 85 0 2 0 1 5

08 May 11 9.5 0 8 0 0 22
08May . 40 8.5 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 16 6.0 0 2 0 0 11

09 May 33 6.0 0 10 0 1 1

09 May 19 75 0 5 0 0 14

09 May 20 7.0 0 5 0 0 0

09 May 22 6.0 0 2 0 0 2.

Total catch: 0 165 5 5. 270

Mean number per net: 0 5.7 0.2 0.2 9.3

()] (0.98) 0.07) 0.07) (1.12)

Percent of total catch: 0 37.1 1.1 1.1 60.7

Electrofishing

" No walleye were sampled nor -observed while electroﬁshing the telemetry-
identified spawning area on 17 April. Windy conditions precluded ele;:troﬁshjng the
entire shoreline. Two walleye were sampled while electrofishing the spawning 'are'a on 25
April' (CPUE = 0.02; Table 28). i\Io 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  Totaltime 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  Totaltime Walleye
Date number temp (C)  start finish (min) sampled CPUE

07May 33 7.0 2222 2250  27.80 0 0
07 May 34 7.0 2258 2333 34.58 0 0
07May 16 7.0 2351 0010 18.57 0 0
07 May 28 6.5 0042 0057 15.27 0 0
16 May 19 10.5 2204 2217 13.27 0 0
16 May 22 9.5 2229 2613 2622 0 0
Trap Nets

Nine walleye were saﬁpled in ﬁap nets on the identified spawning area (mean
patch'= 0.5, SE = 0.25); seven of thé nine were sampled on 23 April (Table 30). This
peak catch date agreed with that observed for the gill net sampling (TaBIe 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% of 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




Table 30. Individual catches, total and meaﬁ (SE) catch by species and percent composition of total catch for all fish captured
intrap nets set overnight on identified walleye spawning area in Canyon Ferry Reservoir, Montana, sprmg 1996. Asterisks
denote sets not included in overall summary.

OLT

Water . Ramnbow  Brown White Longnose  Min. Yellow Common  Utah :
Date ~ temp (C) Walleye trout  trout suqker _sucker whitefish ~ pérch s Burbot ~ carp chub  Stonecat
15 April 13.0 0o 31 0 82" 0 0 9 4 1 2 0
15 April 115 0. 31 0 64 0 0 2 1 s 0 1
15 April 9.0 0 33 0 55 0- 2 1 0 3 1 1
15 April 9.0 0 65 1 45 0 2 16 6 8 1 5
16 April 8.0 0 102 0 29 0 0 4 3 0 0 1
16 April 75 0 18 0 - 19 1 2 9 5 8 0 1
19 April* 8.5 0 1 0 0 0 -0 0 0 1 0 0
19 April* 9.0 0 0 . 0. 0 0 0 0 0 0 0 0
19 April* 85 0 1 0 1 0 0 0 0 0 0 0
BApil . 130 1 60 0 7 0 0 17 0 6 3 0
23 April 13.0 2 49 0 23 2 0 2 1 5 o o
23 April 11.0 4 99 0 44 -0 0 5 2 8 4 5
24 April* 10.0 0 11 0 0 0 0 0 0 0 0 0
24 April* 10.0 0 3 0 1 0 0 0 0 0 0 0
24 April 10.0 0 16 0 3 0 0 5 1 1 0 1
29 April 11.0 0 30 0 16 0 3 3 0 6 0 2




Table 30. Continued.

Water Rainbow  Brown White Longnose  Min. Yellow Common  Utah

LLT

Date temp (C) Walleye trout trout sucker sucker  whitefish  perch Burbot carp chub Stonecat

29 April 115 0 5 0 6 0 0 3 0 6 1 0

29 April 12.5 0 12 0 8 0 0 7 0 13 0 0

30 April 7.0 0 14 0 16 1 0 1 0 0 1 1

30 April 60 o .7 o 14 o 0 1 0 0 0 0

30 April - 15 2 11 0 17 . 1 0 2 0 2 0 0

03 May 11.0 0 6 0 1 0 0 0 0 0 0 0

03 May 11.5 0 3 0 20 0 1 5 0 0 1 1
03Mag 105 0 4 0 3 0 0 0 0 4 0 0

Total catch: 9 596 1 472 5 10 92 23 76 14, 19 .

Mean number per trap net: 0.5 31.4° 0.1 - 248 0.3 0.5 48 12 40 0.7 1.0 .

025  (701)  (005) (524 (013) (022 (L13) (044  (085)  (026)  (035)
Percent of total catch: 07 453 01 358 04 0.8 70 17 5.8 1.1 1.4
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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.

Walleye Abundance on Spawning Area

Mean gill net catches of walleye varied greatly during the spawning period (range:
Otoll 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).

Surface water temperature (C)

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 compléted during this study suggested that the felemetry-identiﬁed
spawning aréa was the only location used by walleye for spawning. These results are not
conclusive, however. Walleyg are spawning gen'e_ral_iﬁs. They are ablé 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 spawﬁing sites I was able to.

sample on the reservoir. Canyon Ferry has over 122 km of shoreline. Because walleye

are aﬁle to uée many different habitats for spawning, they i)ossibly could use most of the
shoreline. Thus, the 50 potential spawning sites I identified based on preferred ha‘bitat
variables were not.inclusive of all possible spawning areas. The validity of this study is
baseci on fhe assumption that walleye were attracted to use the best épawning habitats
avéilable, which may not hold true. |

Two of the sampling gears I used were not effective at capturing spawning
walleye. Trap ﬁet and electroﬁshiﬁg catch rates of walleye were very low.despite the
known presence of several instrumented Wdleye on the spawning area. Based on these
findings, it was unlikely either of these gear types was effective in sampling walleye at
po’téntial spawning sites. Electrofishing was probably even less effective at middle-and
lower reservcﬁr strata sites because of clear water conditions. In water with good
visibility, the approach of a boat often' causes spawning walleye to vacate shoreline aréas

(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 aréa. Trap nets set on the
spawning area in close proximity to gill ﬁets captured significantly fewer walleyé,
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 élasses
(Chapter 2) that might have indicated the existence of different spawning stocks in
Canyon Ferry. Based on surface water temperature patterns, walleye would presumably
spawn three to four weeks later in the middle or lower partlof the reservoir relative to the
identified spawning area. Walleye broduced in those areas would likely be smaller in s:ize
and demonstrat.elless 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 relatively low density walleye population on their spawning grounds. Trap nets
and electrofishing were. used to minimize the killing of non-targeted species (e.g.,
rainbow tfoﬁt).'as occurred with gill nets, but were generally ineffecti;e. Trap nets
captured very fev‘v walleye and were suéceptible to being beached during high wind
events. The ability to electrofish was greatly limited by safety cpnsiderations. 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
r'16ts 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 éf rainbow trout but consistently captured
waﬂeye.

During spring 1997? MFEWP used the results of this study to implemént walieyc
population control méasures 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 ;ind
released into either Hauser or Holter reservoir. Seventy percent of the 303 ';>va11eye
captured Were removed and released into the dbwnstream reservoirs. Ultimately, the
control effort proved ineffective in slowing the expansion of the walleye population.
However, there was evidence that the age structure lof th.? spawning population was
affected by these r.emox‘/ali efforts. Walleye producéd in 1990 dominated the spawning | .
population from 1994 to 1997, accountiﬁg for over 40% of all spawners sampled each
year (Figure 16). In spring 1998, this yéar 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 éxcept for the walleye removal efforts coﬁpleted in spring 1997.

The use of telemetry to locate individuals for the implementétion of population |
control measures has not beén 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 inétrumented walleye to identify their spawning areas was analogous to
the usé of Judas goats. Results from’ this study were suggestive, but not conclusive, that
telemeterized walleye d1d lead to the identification of the only spawning area in Canyén
Ferry Reservoir. Recently, this technique has been applied in other areas. In Upper Priest
Lake, Idaho, sonic telemetry was ﬁsed to determine if there were identifiable lake trout .
Salvelinus namaycush spawning areas where adults could be removed from the
population. Lake trout did not aégregate.on a specific spawning —site, which made con&ol
measures infeasible (Fredericks et al. 1999). Similar efforts were successfully applied in
Yellowstone Lake, Wyoming, where illegally introduced lake trout threaten native
Yellowstone cutthroat trouf Oncorhynchus clarki bouvieri.- The use of sonic telemetry
there has lead to the identification of lake trout spawning areas, which has resulte\d in the
increased removal of siéniﬁcant numbers of lélrge, predatory adults (D. Mahoney, U.S.

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

‘Injust 11 years since Montana Fish, Wildlife and Parks (MFWPj personnel
sampled their first walleye Stizbstedz’oﬁ vitreitm in Canyon Eeny Reservoir, walleye are
firmly established and an impoﬁant component of this popular fishery. Certain
indiv‘iduals have argued that walleye were present in the reservoir. éince- impoundment
occurred in 1954. Age, growth, an(i éampling data determined from this study indi‘cated
walleye were likely introduced into Can};on Ferry in the early 1980s, and have been
reproducing i'n the reservoir since 1985. 'The production of a strong year class in 1990
| precipitated the rapid development of this pbpulation 1n the later yeérs of ‘this study. .
Subsequent strong year cla{s,ses. produced in 1996 and 1997 resulted in higher
étandardized gill net catches of walleye in Canyon Ferry relative to those observed in
other established walleye fisheties in Montana. Exponential population growth rﬁay be
realized beginping in 2001, when females from the 1996 year class are fully recmited into
thé spawning population. |

Yellow perch Pel;ca Sflavescens and suckers Catostomus spp. were the primary -
forage of Canyon Ferry walleye. A decline in sucker abpndance and shift in size
distfibution towards ‘larger individuals probably rgsulted ﬁom walleye predation. The

production of strong year classes of yellow perch in the later years of the study provided




186

an abundént foraée base for walleye and likely buffered predétion of stocked rainbow
trout Oncorhynchz{s mykiss. However, predation pressure on rainbow trout is likely to -
increase as the 1996 and 1997 year classes of walleye attain sizes in which they can
efﬁciénﬂy prey on the stocked yearlings. '

Ultrasonic telemetry revealed that Canyon Ferry walleye exhibit seasonal
preferences for different parts of the reservoir. _Wélleye 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 gfowing
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. Telemeterjzed walleye exhibiteci complete
fidelity to a single spawning area located on the southeast corner of tl;Le reservoir.
Sa'mpling of other suitable spawning habitats throughout the reservoir and growth
characteristics of the population sugg,ested‘ that this may have been the only spawn.ing
area used by walleye in Canyon Ferry.

MFWP used the results of this study to implemeﬁt population control measures b-y
mechanically removing adult walleye from thé spawning area in 1997. The subsequent
production of a strong year class that spring and the likelihood of this expanding
populaﬁon 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 MEWP to develop a new fisheries management plan for the
entire reservoir / river complex. This recently adopted plan will attempt to manage thé
three-reservoir system as "a high quality, cost-effective, multi-species fishery witﬁ 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 ﬁpoﬂ limiting the expansion of the walleye population.
The adéption of Iibefal angler ilarvest limits in the new management plan is an attempt to
reduce the reproductive potential of the 19§6 and 1997 yeér classes. Should the walleye
p(;pulation conﬁnue to expand in.Canyo'n Ferry and pegaﬁvely affect the other fisheries,
thg plan is adaptive in that it allows for the implemer_ltation of pro- gressively more
aggressive population control measures. These measures may include spear fishing,
collection of eggs, mechanical removal of individuals, and the authorization for
commercial harvest Qf walleye. The effectiveness of these measures in limiting a
population with deﬁonsuated high reproductive potential is questionabie. To date;
anélérs have not been very succeésful in catching walleye in Canyon Ferry. Thei.r '
excellent growth and condition re'sulting from an abundant forage bése likely has reduced
their catchability (Forney 1980; Straw 1994). Mechanical 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 6f this population brings into questioh its value as a

potential walleye egg source. Billington (2000) reported that Canyon Ferry walleye are '
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hybridized with sauger and recomménded 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. F urthermor.e, size and condition of Walléye at that time may
diminish their value fér commercial purposes.

Ultimétely, 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 monitgring 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 fthe reservoir complex. As the popularity of
walleye fishing continues to grow in Montana and throughout the Nérthwest, this
information will be in;faluable to managers challenged with similar demands from their

angier 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'J
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 'L’ denote net locations in upper, middle, and lower portion of reservoir, respectively.
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Figure 51 Autumn net locations for floating net series, Canyon Ferry Reservoir, Montana Letters
'LT,'M, and 'L’ denote net locations in upper, middle, and lower portion of reservoir, respectively.
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Figure 52. Sarrpling locations for beach seine series, Canyon Feny Reservoir, Montana. Letters
U ,'M, and 'L’ denote seine locations in upper, middle, and lower portion of reservoir, respectively.
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Townsend

Figure 53. Net locations for walleye netting series, Canyon Feny Reservoir, Montana.






