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Abstract:

Twenty five adult walleye, Stizostedion vitreum, were implanted with ultrasonic transmitters and
tracked in Holter Reservoir during 1991 and 1992. The objectives of this research were to collect
information on fish behavior and habitat use relevant to the management of walleye in this Missouri
River impoundment. Fish with transmitters were located 848 times during the study. Walleye exhibited
a distinct preference towards habitats found in the lower, northern portion of the reservoir where the
range and diversity of depths were greatest and percent of littoral habitat was high. This preference was
evident during all seasons of the year and appeared related to the presence of spawning habitat and
areas where foraging opportunities are maximized. Home range size averaged about 6.5 km during the
study and was consistent between years. Movement rates were greatest during spring and least during
summer.

Habitat surveys indicate that the areas frequented by walleye were characterized by unique
morphometric and substrate features favorable to feeding and spawning. Spawning habitat was
spatially abundant within the reservoir, however utilization of specific spawning areas was noted and
may be related to a combination of proximity to feeding areas, traditional use, or homing behavior.
Substrate and shoreline characteristics were instrumental in establishing walleye feeding areas. Habitat
use appeared to be strongly influenced by the presence of actively eroding shoreline habitats in the
lower reservoir. Eroding shoreline areas of high clay content enhanced water turbidity, often resulting
in the creation of optimal daytime foraging conditions for the light sensitive walleye. The depths
utilized by walleye were highly variable both on a seasonal and diel basis. This variability is likely
associated with a high degree of utilization of highly turbid, shallow areas of the reservoir. Habitat use
in Holter Reservoir does not appear to be influenced by current reservoir operations.
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ABSTRACT

Twenty five adult walleye, Stizostedion vitreum, were implanted with ultrasonic
transmitters and tracked in Holter Reservoir during 1991 and 1992. The objectives of
this research were to collect information on fish behavior and habitat use relevant to the
management of walleye in this Missouri River impoundment. Fish with transmitters
were located 848 times during the study. Walleye exhibited a distinct preference
towards habitats found in the lower, northern portion of the reservoir where the range
and diversity of depths were greatest and percent of littoral habitat was high. This
preference was evident during all seasons of the year and appeared related to the
presence of spawning habitat and areas where foraging opportunities are maximized.
Home range size averaged about 6.5 km during the study and was consistent between
years. Movement rates were gréatest during spring and least during summer.
Habitat surveys indicate that the areas frequented by walleye were characterized by
unique morphometric and substrate features favorable to feeding and spawning.
Spawning habitat was spatially abundant within the reservoir, however utilization of
specific spawning areas was noted and may be related to a combination of proximity to
feeding areas, traditional use, or homing behavior. Substrate and shoreline
characteristics were instrumental in establishing walleye feeding areas. Habitat use
appeared to be strongly influenced by the presence of actively eroding shoreline
habitats in the lower reservoir. Eroding shoreline areas of high clay content enhanced
water turbidity, often resulting in the creation of optimal daytime foraging conditions
for the light sensitive walleye. The depths utilized by walleye were highly variable
both on a seasonal and diel basis. This variability is likely associated with a high
degree of utilization of highly turbid, shallow areas of the reservoir. Habitat use in
Holter Reservoir does not appear to be influenced by current reservoir operations.




INTRODUCTION

The walleye (Stizostedion vitreum) is rapidly gaining increased popularity among

anglers throughout North America and most recently in the northwestern Unit‘ed States
(Conover 1986). The challenge inherent in walleye angling, the excellent eating
quality, and the abundance of new opportunities and locations for catching walleye are
responsible for this increase in popularity. With this upsurge in popularity, increased

| pressure has been placed upon resource agencies to provide opportunities for walleye
anglers while still maintaining opportunities for the Uaditional angling interests. In
many Wwestern states that have historically harbored prized salmonid fisheries, the
management of walleye fisheries presents a unique challenge to biologists as the
introduction of such an efficient top predator has been shown to significantly alter the
composition of existing fish communties (Colby and Hunter 1989).

Walleye fishing in Montana has paralleled the trend in many western states as their
establishment in many lakes and reservoirs has provided a new opportunity for anglers.
The widespread stocking of walleye in Montana has been well received by many
anglers and has simultaneously created concern among others. Walleye became
established in Holter Reservoir as a result of an inadvertent introduction stemming
from the intentional draining of an upstream impoundment, Lake Helena, during the
early 1960's. Since the time of their introduction, the walleye population of Holter
Reservoir has remained relatively stable at low density (MDFWP 1992).

Holter Dam is owned and operated by the Montana Power Company (MPC) as one
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of a series of seven impoundments along the Missouri River in Montana. The current
Federal Energy Regulatory Commission (FERC) license for these hydréelectric
operations expired on November 30, 1994. As a requirement of the reliqensing
application, the MPC, in cooperation with the Montana Department of Fish, Wildlife,
and Parks (MDFWP) initiated several stucilig‘s: to assess the status of the existing
fisheries and to address environmental concerns related to project operations.

The MPC has historically operated Holter dam as run-of-the-river facility resulting
in relatively constant and stable reservoir water levels. However, there have been
occasional fluctuations in reservoir levels due to equipment maintenance requirements,
short term load control, power peaking requirements, and upstream dam operations.
My study focused on gaining increased' knowledge of the life history requirements,
habitat preferences, and general behavior of adult walleye in Holter Reservoir and tq
identify potential concerns related to the MPC's project operations.

The specific objectives lof my study were:‘ '

1. Determine seasonal and diel patterns of habitat use by adult walleye.

2. Describe physical characteristics of habitat used by adult walleye.

3. Describe habitat preferences exhibited by adult walleye.

4. Describe the distril;ution and availability of preferred habitats within Holter

Reservoir.




STUDY AkEA

The Jefferson, Madison, and Gallatin .fivers join near the town of Three Forks,
Montana to form the Missouri River. 'fhe Missouri River remains essentially free;
flowing to the town of Toston, where a small dam operated by the State of Montana
exists. The Missouri River from Toston to Great Falls contains three major reservoirs;
Canyon Ferry, Hauser, and Holter. Canyon Ferry Reservoir, the uppermost of the
three, is the largest with a storage capacity of more than 2.4 billion m® of water. The
Bureau of Reclamation operates Canyon Ferry as a storage reservoir and regulates
seasonal downstream flow releases for irriga‘tion and flood control. My study was
conducted in Holter Reservoir, the lowermost of thé three major impoundments féund
along the upper Missouri River.

Holter Reservoir is locatéd on the Missouri River in central Montana,-near the town
of Wolf Creek. Holter Dam was constructed in 1904 and presently impounds
approximately 300,000,000 m® of Watef at full pool (USGS 1992), with a surface area
at full pool of approximately 1943 ha. Water. depth averages about 15.2 m, with an
approximate maximum depth of 38.1 m. ‘Holter Reseri/oif is roughly 45.1 km in length
and varies in width from 0.16 to 1.93 km. The shoreline development index value (a
comparative figure relating shoreline length to the circumference of a circle with the
same area as the body of water) for Holter Reservoir is relatively high at 2.9,
attributable to the elongate shape of the reservoir. |

" The variability in widths and depths found along the length of Holter Reservoir
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results in areas that substantially differ as physical habitat for fish speciés. The canyon
portion of the reservoir, found within the Gates of the Mountain Recreation Area, does
not vary substantially from pre-impoundment width, however water depth has increased
significantly. In contrast to the canyon section, the lower portion of Holter Reservoir,
immediately upstream of Holter Dam, exhibits morphometric features that are more
characteristic of a typical lentic basin. These features include broad width, moderately
sloping shoreline topography, high diversity in depths, and the presence of well
developed littoral areas. *

The topography of the Holter Reservoir shoreline is comprised predominantly of
steep slopes (52%), followed by moderate (31%) and low (17 %) gradient slopes (EA
1992). Sﬁbstrate types found along the shoreline vary widely aﬁd include bedrock
cliffs, talus slopes, grassy meadows, and areas of exposed soil. Shoreline substrate
appears to influence walleye habitat selection within Holter Reservoir. Previous
studies (EA 1992) have documented the use of rocky shoal / shoreline areas for
spawning by walleye in Holter Reservoir. Exposed shoreline areas of highly erodible
soils comprised of silts, sands,‘ and clay within Holter Reservoir were quantified during
a soil resource investigation (Stensatter et al.' 1991) conduqted for the MPC. Turbid
conditions are frequently observed in the waters associated with and immediately
proximate to these shoreline areas. Wind speed and direction, wave action, bank
topography and soil composition are important in determining the vertical and
horizontal extent of these ﬁrbid areas.

Flow patterns within Holter Reservoir are influenced by the upstream operations of

4
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Hause; Reservoir, and to a gréater extent, Canyon Ferry Reservoir. Méan annual
discharge at the United States Geologicai Survey (USGS) gauge (#06066500) below
Holter Dam for the period of record is 4.9 billion m® per year (USGS 1991). The
retention (residence) time of the water within ﬁolter Reservoir is relatively short,
averaging 21.8 d for the period of record (USGS 1991). During my study, retention
times averaged 32.3 and 27.6 d for USGS Wate.r Years 1990 and 1991, respectively.
This short retention time strongly influences the thermal regime and overall
productivity of Holter Reservoir.

The thermal characteristics of Holter Reservoir are typical of an impoundment with
relatively rapid flow through (short retention time). The reservoir typically becomes
free of ice during the month of March (February to late March) and consistently warms
to a summer maximum temperature that rarely exceeds 22 °C (MDFWP, unpublished
data). Furthermore, Holter Reservoir thermally stratifies for a relatively short period,
contrasted to other lentic systems, which is again attributable to short retention times.

My study area encompassed the 37.1 km impounded portion of Holter Reservoir
extending between 8.0 to 45.1 km downstream of the Hauser Dam. For my study,
Holter Reservoir was divided into six zones characterizing the broad availability of
physical habitat types present within the reservoir (Figure 1). These included:

Zone A: Upper Holter (extending between 8.0 and 11.3 km downstream of
Hauser Dam)

Zone B:  Gates of the Mountain (extending between 11.3 and 19.3 km
downstream of Hauser Dam)
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Zone C:
Zone D:
Zone E:

Zone F:

7

Ming Bar (extending between 19.3 and 25.1 km downstream of Hauser
Dam) .

Hack Rock to Cottonwood Creek (extending between 25.1 and 29.0 km
downstream of Hauser Dam)

Oxbow Bend (extending between 29.0 and 37.3 km downstream of
Hauser Dam)

Lower Holter (extending between 37.3 and 45.1 km downstream of
Hauser Dam)

The reservoir was further subdivided into 0.25 ha plots for microhabitat

quantification. Universal Traverse Mercator (UTM) coordinates were used to establish

a grid dividing the reservoir into approximately 7700 individual plots. This grid

pattern facilitated both habitat quantification and the analysis of fish movement and

habitat utilization.




METHODS AND MATERIALS

Physical Habitat Quantification

The quantification of the physical habitat within Holter Reservoir consisted of three |
components: 1) the characterization of depth and general reservoir bathymetry, 2) the
quantification of substrate characteristics, and 3) the classification of shoreline soil
types.

Depth data were systematically collected throughout the reservoir in summer 1991.
A total of 317 transects were established at 200 m intervals along the length of the
reservoir to collect depth data. Depth data were collected at full reservoir pool
(1090 m above mean sea level) at approximately 20 m spacing intervals along each
transect line. A global positioning system (GPS) recéiver was used to track boat
position with respect to UTM coordinates. Depth measurements were collected‘with an
electronic echo-sounding depth meter. Depth data and the corresponding UTM
coordinates were integrated into a Lotus spreadsheet for bathymetric analysis. Depth
and position information were compiled at 6,847 individual points within the reservoir
study area. The composition of depths measured along transects was used to compute
the amount of depth-dependent habitats (i.e. littoral, sub-littoral, and profundal habitat)
present in each zone. -Littoral habitat was defined as that less than 4 m in depth. Sub-

. littoral habitat was defined as that in the range from 4 to 14 m in depth and profundal
habitat was greater than 14 m in depth. Diversity of depths was determined for each

zone by calculating the portion of measurements in a each specific depth increment,
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multiplying the portion by the log of the portion, summing the products for all portions
in each zone, and multiplying by -1. ‘Between-zone comparisons of the amount of
habitat at specific depths and diversity in depths were made.

Substrate quantification was conducted using both surface and subsurface ocular
methods. Surface visual metilods included the classiﬁcatipn of dominant substrates
present along the reservoir.periphery. Substrate type and size data were visually
estimated during clear water conditions from a boat traveling along the shoreline of the
reservoir periphery. Substrate type was classified as firm (consolidated or
unconsolidated) or soft. Unconsolidated firm substrates were categorized in four size
gradations including: coarse gravel (2.5 to 7.5 cm), cobble (7.5 to 12.5 cm), rubble
(12.5 to0 20.0 cm), and boulder (> 20.0 cm).. Substrate quantification using this
procedure was generally limited to water depths of less than 3.0 m. Additional data
regarding shoreline substrate type were collected by MPC personnel on Sc_aptember 16,
1993 during a 1 m reservoir drawdc;wn.

Subsurface quantification was conducted at representative locations within the study
area where large concentrations of walleye were observed. Subsurface quantification
was conducted with the assistahce of MPC personnel using self contained underwater
breathing apparafus (SCUBA). A total of 24 h (12 h, 2 divers) were expended on this
task resulting in an estimated 15,000 m? of substrate being quantified. Substrate type
and size were classified following the procedure utilized in the surface visual

estimation.

Soil types were classified at locations along the reservoir shoreline as part of a
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shoreline bank erosion assessment for Holter Reservoir prepared for the MPC by the
consulting firm of Stensatter, Druyvestein and .Asso‘ciates (Stensatter et al. 1991). Soil
type, soil characteristics, bank slopé, and an agsessment of the susceptibility of banks
to future erosion were compiled as part of this effort (Appendix A).
Quantification of Temporail Habitat Changes

Water quality and general_clirr'xatic data were gathered to describe temporal changes
and patterns in habitat quality. Data were collected between the months of March and
November at representative shoreline and open water locations throughout the
reservoir.

Open water subsurface temperature profiles were collected on a monthly 'basis by
MDFWP personnel at the two limnological sampling stations within the reservoir
during the study period (Figure 1). Shoreline water temperatures were collected on a
hourly basis during the ice-free months of the year using Ryan Tempmentor
thermographs' positioned at two locations within the lower reservoir in proximity to the |
established limnological stations. Hourly temperature readings were averaged fo‘r both
stations for each day to produce mean daily temperatures values. Open water and
shoreline temperature data were collected within the same general ’reseryoir location
(within 1 km).

Light transmisssion data were collected via Secchi disk and photometer. Data were
gathered at limnological stations to assess temporal changes in light transmission and at
other locations to co:;rsely quantify spatial Vgriabiiity in light transmission'Within the

reservoir. General climatic data were recorded in conjunction with each sonic tracking
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episode. In addition, local meteorological data were obtained from the town of
Cascade, MT, located 38 km north of Holter Dam.
Determination of Habitat Selection and Behavioral Patterns

Inforrﬂation on habitat selection and patterns in habitat use were obtained by
monitoring the movements and locations of 25 aduli walleye over a 2-year period using
ultrasonié telemetry equipment (Sonotronics Inc. of Tucson, Arizona).

Transmitter tags were cylindrical in shape with a d{ametér of 18 mm and length of
100 mm. Each tag weighed approximateiy 13 g, ranging from 0.6 to 1.3% of fish
body weight, and had a life expectancy of approximately 2 years. The transmitters
operated on one of four radio frequencies; 69 KHz, 74 KHz, 76 KHz, and 78 KHz to
allow differentiation between signals. Each transmitter emitted a unique aural pulse
code (i.e. 2 beeps, rest, 2 beeps, rest, 4 beeps, rest, 8 beeps, rest, repeat) which
refined signal separation and permitfed the idéntiﬁcation of individual fish. Tagged
fish were detected using a handheld Sonotronics DH-2 directional hydrophone mounted
on a 2 m section PVC pipe. A Sonotronics USR-4B receiver was used to translate the
signal into an audible sound.

Fish Collection / Tagging Procedure

Adult walleye were captured at four locations within the reservoir (Figure 1) by
electrofishing, gill netting and angling during the spring of 1991. Capture locations
were selected to represent potential spatial variation in the behavioral characteristics of
the walleye population. Most sonic t.agged fish were between 457 and 610 mm total

length, since angling regulations prohibited the harvest of fish in this size range.
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Upon capture, each fish was transported to a nearby processing location where
transmitters were implanted. Each fish was initially sexed based upon external features
(body girth, presence of milt). Spawning coﬂdition was noted on each fish prior to
surgery. Fish that .were in advanced spawning condition were not used due to concerns
about increased physiological stress. Total length and weight were measured and a
dorsal spine was collected from each fish (Table 1).

Each fish was a_nesthetized with MS-222 and placed in a surgical trough with the
ventral side oriented upwards. Prior to surgery, scales were removed from the incision
area. A 5 cm incision was made into the ventral body cavity immediately lateral and
parallel to the midline of the body. Each transmitter was cleaned with alcohol, and
dried prior to the insertion into the body cavity. After insertion, the incision was
stitched with nylon sutures and swabbed with Betadine antiseptic. Care was taken to
assure that the gills of the fish remained irrigated with water throughout the surgical
process to minimize stress. The surgicr:il operation took approximately 8 minutes to
complete. Finally, an external Carlin dangler .tag was attached posterior to the dorsal
fin of each fish identifying its irnpbrtance asa resear‘ch subject. Once the fish regained
total equilibrium and normal movement, it was released at the capture location.

Data Collection

During the spring of 1991, weekly tracking episodes were conducted by selecting
random 7 h time blocks (0700-1400, 1400-2100, and 2100-0400). Bi-weekly tracking
was attempted during ice-free months for the remainder of the 2-year study period. In

conjunction with the random sampling effort, seven 24 h observation periods were
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Table 1. Ultrasonic tag information and biological characteristics of adult walleye
studied within Holter Reservoir during 1991 and 1992 (Zone A - Upper
Holter, Zone B - Gates of the Mountain to Willow Creek, Zone C -
Willow Creek to Hacking Box Rock, Zone D - Hacking Box Rock to
Cottonwood Creek, Zone E - Cottonwood Creek to Split Rock, Zone F -
Split Rock to Holter Dam).

Zone Fish Radio Pulse Age Sex Total Weight Date
number frequency code (years) length (nm) (gms) implanted
A 1 69 KHZ 258 Female 585 2180 3/9/91
A 2 69 KHZ 249 Female 618 2770 3/9/91
A 3 76 KHZ 465 5 Male 551 1840 3/17/91
A 4 76 KHZ 88 5 Female 589 2220 . 3/19/91
A 5 74 KHZ 384 5 Female 606 2410 3/1/92
A 6 78 KHZ 2246 9 Male 585 1775 3/1/92
D 1 78 KHZ 2327 ' Male 552 1730 5/2/91
D 2 78 KHZ 2264 9 Male 610 2160 5/8/91
D 3 69 KHZ 276 6 Male 592 2130 5/8/91
D 4 78 KHZ 2237 8 Male 630 2470 5/8/91
E 1 74 KHZ 375 5 Female 562 2120 3/22/91
E 2 76 KHZ 555 5 Male 531 1600 3/22/91
E 3 69 KHZ 285 6 Female 603 2620 3/22/91
E 4 76 KHZ 456 5 Female 561 2050 3/23/91
E 5 74 KHZ 348 6 Female 600 2450 3/30/91
E 6 69 KHZ 294 16 Female 793 5613 3/30/91
E 7 76 KHZ 97 7 Male 623 2340 5/1/91
F 1 74 KHZ 447 6 Female 590 2350 3/30/91
F 2 69 KHZ 267 6 Male 526 1510 3/30/91
F 3 74 KHZ 339 5 Female 563 2150 3/30/91
F 4 74 KHZ 357 7 Female 603 2420 3/30/91
F 5 78 KHZ 2255 7 Male 580 2220 4/13/91
E 6 74 KHZ 366 7 Female 651 3289 4/23/91
F 7 76 KHZ 2228 7 Male 600 2060 4/23/91
F 8 78 KHZ 2273 6 Male 590 2180 5'/9/91
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integ.rated into the sampling program to assess short term movement patterns. When
possible, the entire reservoir was traversed during each trdcking period.

The presence or absence of a tagged fish was initially determined following a
systematic procedure where signals were received at fixed "listening" stations spaced
0.8 km apart from the upper end of Zone A to the lower end of Zone F. When a
signai was first received, the approximate iecation was determined by following the
strongest signal. The exact location of the fish was defined via repeated triangulation
to the audible signals. Once a tagged walleye was located, the location was plotted on
an enlarged United States .Geological Survey map of the reservoir with a scale of
1:24,000. Date, time, and distance to shore were also recorded. Water depth was
recorded during a subsequent traeking period since boat activity in the immediate
vicinity of the tagged fish appeared to inﬂuence fish behavior. Adjustment of water

depths was not necessary as reservoir elevations remained consistent throughout the
study period.

Statistical Analysis

Descriptive statistics were calculated for each habitat variable where tagged adult
walleye were located within Holter Reservoir. Descriptive statistics for habitat
variables included.the mean, minimum, maximum, standard deviation, and upper and
lower confidence intervals. Results of Kolmogorov-Smirnov tests for normality on
habitat data (including reservoir location, and depth) indicated that distributions were
not normal. ‘Consequently, I employed the nonparametrici Mann-Whitney Rank Sum ;

Test and the Kruskal-Wallis One Way Analysis of Variance on Ranks to determine if
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median values of habitat variables were significantly different between observation time

(day vs. night), seasons, years, and sexes.
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RESULTS
Physical Habitdt Quantification

The creation of a batﬁymetric map of Holter Reservoir was not possible from the
data collected during the survey due to thé poor accuracy (+/- 100 m) of the GPS
receiver. However, 6,847 deﬁth measurements were systématically collected
throughout the reservoir. Depths ranging to 36 m were recorded during the survey.
Marked differénées in depth composition were ngnd between zones due to the
~ dominant geomorphic‘featur.es of the reservoir basin. Zone A, upi;)er ﬁolter Reservoir,
was comprised moétly of relatively sfallow waters (< 6 m) and had a depth diversity |
of 0.50, the lowest of all zones (Table 2). The diversity of depths in Zone B was 0.71
with depths generally less than 8 m, rangmg to~ 12 m. Zones C and D were similar ‘in
composition and diversity of depths (Table 2). Zone E exhibited a high diversity of
1.16 with depths to 32 m (Table 2). Zone F (lower Holter Reservoir) also exhibited a
high depth diversity of 1.21, with depths ranging up to 36 m (Table 2). A distinct |
longitudinal, down-reservoir trend of increased dgpths and increased diversity in deﬁths
was evident (Table 2).

Littoral habitats (<4 m) were more abundant in Zone A than in other zones (Table
3). The abundance of littoral h_abitat iﬁ Zone'F was second to Zone A (Table 3).
Zones B and E were similar in amount of littoral and sub-littoral habitat, however Zone
E had substantially more profundal habitat (> 14 rh)(Table 3). Zomes C and. D were

similar in amount, composition, and diversity of depths (Table 3).
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Table 2. Cumulative percentage of habitat found at 2 m water depth intervals within study zones of Holter Reservoir (Zone A -
Upper Holter, Zone B - Gates of the Mountain to Willow Creek, Zone C - Willow Creek to Hacking Box Rock, Zone D
- Hacking Box Rock to Cottonwood Creek, Zone E - Cottonwood Creek to Split Rock, Zone F - Split Rock to Holter

Dam). :
. Zone A Zone B Zone C - Zone D Zone E Zone F All Zones
Depth (m) ‘
0 Littoral 10.9 9.0. 20.2 - 20.6 5.1 8.1 11.0
2 Littoral 68.3 26.5 33.8 34.3 13.1 187 23.5
4 Littoral 86.1 37.0 40.7 39.8 19.3 23.8 29.8
6 Sub-Littoral 100.0 _72.0 149.0 46.3 21.5 31.3 37.7
8 Sub-Littoral 94.7 54.5 ©50.2 34.0 36.7 43.0
10 Sub-Littoral 99.5 60.3 55.1 40.4 41.7 48.4
12 Sub-Littoral 100.0 69.8 60.4 . 482 48.9 55.6
14 Profundal 83.7 64.9 54.1 54.4 62.2
16 Profundal 93.3 73.5 59.6 57.6 68.0
18 Profundal 96.2 83.8 64.4 63.0 3.4
20 Profundal 99.2 91.4 74.3 66.3 793
2 Profundal 100.0 99.9 82.0 69.0 84.1
24 Profundal 1100.0 93.4 75.9 9.0
26 Profundal 96.6 82.1 93.1
28 Profundal 98.8 89.7 96.4
30 Profundal 99.6 96.5 98.8
32 Profundal - 100.0 99.2 99.7
34 Profundal 99.9 100.0
36 Profundal . 100.0 100.0
Depth Diversity 0.50 - 0.71 0.99 1.03 1.16 1.21

1.19

Ll




Table 3. Total surface area (ha) of habitat found at or above specific water depths (2 m intervals) within study zones of Holter
Reservoir, 1991-1992 (Zone A - Upper Holter, Zone B - Gates of the Mountain to Willow Creek, Zone C - Willow
Creek to Hacking Box Rock, Zone D - Hacking Box Rock to Cottonwood Creek, Zone E - Cottonwood Creek to Split
Rock, Zone F - Split Rock to Holter Dam).

Depth (m) Zone A " Zone B Zone C Zone D Zone E Zone F All Zones
0 Littoral 30 11 38 37 18 67 214
2 Littoral 188 32 63 61 46 - 155 457
4 Littoral - 238 45 . 76 71 67 197 578
6 Sub-Littoral 276 88 92 83 9% - 260 732
8 Sub-Litioral 116 102 - 90 118 305 835
10  Sub-Littoral . 121 113 99 140 - 346 939
12 Sub-Littoral ‘ 122 130 108 168 - 406 1081 .
14 Profundal 157 116 188 452 1200 |
16 Profundal 174 132 207 - 478 1322
18 Profundal . 180 150 T 224 523 1427
20 Profundal : 185 164 258 551 1541 -
2 . Profundal 187 179 285 573 - 1633
24 : Profundal : 179 325 630 1748
26 Profundal ‘ 336 681 1808
28 * Profundal , _ 344 744 1873
30 Profundal . 347 801 1920
32 _ Profundal 823 1938
34 Profundal 829 1942
36 Profundal ' 830 1943
38 Profundal
40 Profundal
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Shoreline Substrate |

The shoreline of Holter Reservoir is comprised of a mixture of soft (fine grained )
and firm "(coafse grained / rock) substr:dtes. The reservoir shoreline is dominated by
firm ‘substrates (85.2%) including bedrock,.boulder, and fractured materials (Table 4).
Large (boulder) and consolidated (bedrock) substrates were commonly present along
the reservoir periphery, accounting for 78.2% of the total shoreline length (Table 4).
Unconsolidated (fractured talus, rubbles, cobbles) substrate types were present
intermittently along the reservoir shoreline, accounting for 7.0% of the total shoreline
length (Table 4). Soft substrates (sands, silts, and clays) were present intermittently
along the reservoir,‘ comprising 14.8.%-' of the total 'réservoir‘shore‘line (Table 4).

Distinct between-zone differences in shoreline substrate composition were evident.
The percent of zone shoreline comprised of unconsolidated firm substrates ranged from
1.9% in Zone A to 9.8% in Zone E (Table 4)‘. Unconsolidated substrates were
substantially more abundant in the lower reservoir (Zones D, E, and F) thaﬁ in the
upper reservoir (Zone A, B, and C). The percent of zone shoreline comprised of soft
substrates (silt, clay, sand) ranged from 0% in Zone B to 37.6% in Zone F (Table 4).
Soft subsﬁates were most abﬁndant in Zones D and F accounting for 23.4 and 37.6%
of the zone shoreline, respectively (Table 4). Soft substrates were leaét abundant in

Zones B and C comprising less than 1.6% of the shoreline (Table 4).
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Table 4. Quantification of shoreline substrate in Holter Reservoir.

Zone A - ZoneB ZoneC ZoneD ZoneE ZoneF All.

Shoreline length (m) 6,562 18,956 12,029 9,113 18,591 20,049 85,300
Firm - consolidated (m) 5,453 18,256 11,232 6,152 15,044 10,584 66,721
Firm - consolidated (%) 83.1 96.3 93.4 67.5 80.9 52.8 78.2 |
Firm - uncons. (m) 125 700 600 825 1,825 1,925 6,000 |
Firm - uncons. (%) 1.9 3.7 5.0 9.1 9.8 9.6 7.0
Soft - silt, clay, sand (m) 984 0 197 2,136 1,722 7,540 12,579
Soft - silt, clay, sand (%) 15.0 0 1.6 23.4 9.3 37.6 14.7 |

Shoreline substrate quantification provided an efficient means of assessing the
overall composition and distribution of specific substrate types. While this visual
quantification technique was depth limited, it was assumed that shoreline substrate
composition was representative of the general composition to depths of 12 m. SCUBA
diving confirmed that substrate found along the shoreline were representative of the
general substrate compésition at greater depths. Diving confirmed that fraétured talus
slopes that angled into the water at about 45° extended to depths of at least 18 m.
Quantification of Potential Spawning Areas

Potential spawning areas were identified and mapped during the quantification of
shoreline substrates. Shoreline areas that met speciﬁc depth (< 3 m) and substrate
(firm, unconsolidated) criteria (Colby et al. 1979) were classified as suitable walleye

~ spawning areas. Sixty-one potential walleye spawning areas were identified (Table 5).
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Table 5. Location and physical characteristics of potential spawning sites within Holter

Reservoir.
Zone Site location Site Mean particle
designation UTM Coordinates length (m) size (cm)
A 5,186,350 427,150 25 9
A 5,185,350 427,350 25 6
A 5,186,100 428,600 25 9
A 5,186,600 428,500 25 9
A + 5,186,750 428,000 25 6
B 5,192,500 430,000 50 10
B 5,191,850 430,400 100 9
B + 5,192,400 430,200 50 10
B 5,193,000 430,000 150 9
B 5,187,300 429,500 200 9
B 5,188,700 430,500 25 9
B 5,189,250 430,850 25 10
B 5,189,700 430,800 25 8
B 5,191,350 431,000 25 8
B 5,189,700 430,650 25 9
B 5,189,250 430,600 25 9
B 5,186,550 428,800 25 6
C 5,194,750 428,333 150 .9
C 5,192,850 429,300 50 10 .
C 5,192,900 428,250 200 9
C 5,193,250 427,650 200 8
C 5,194,000 428,000 25 9
D + 5,198,350 427,350 400 11
D 5,197,600 427,250 150 5
D 5,196,450 427,450 100 9
D 5,195,300 428,700 100 9
D 5,195,850 428,400 100 9
D + 5,196,200 428,000 25 6

% denotes areas of isolated or intermittent patches of spawning gravel
+ denotes prime area for spawning or documented spawning area




Table 5. Continued.
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Zone Site location
designation UTM Coordinates
E 5,200,100 427,100
E + 5,197,650 425,600
E 5,196,850 425,800
E + 5,197,000 426,500
E 5,197,600 426,850
E + 5,197,750 426,900
E +° 5,198,000 427,000
E 5,198,600 427,450
E 5,198,500 427,450
E 5,198,950 427,900
E 5,199,450 427,300
E '5,199,200 426,800
E  + 5,198,250 426,700
E 5,198,000 426,250
E 5,198,500 426,450
F 5,201,000 428,000
F 5,201,000 428,000
F 5,201,250 427,750
F 5,201,666 427,333
F + 5,201,800 427,000
F + 5,201,800 427,000
F + 5,202,000 426,700
F ' 5,202,500 425,800
F 5,203,200 425,600
F + 5,204,500 424,150
F 5,204,333 423,500
F + 5,203,500 424,500
F 5,203,200 424,500
F 5,201,900 424,750
F + 5,201,500 425,200
F + 5,201,250 425,600
F - 5,200,800 426,350
F 5,200,100 427,200
Total Length of Potential Spawning Areas

Site

length (i)

50
250
150
300
25
75
200
150
50
150
100
25
100
300
25
50
100
75
150
75
50
50
25
100
200
100
300
75
'75
200
200
75
100

© 6300
* denotes areas of isolated or intermittent patches of spawning gravel
+ denotes prime area for spawning or documented spawning area

Mean particle
size (cm)
- 8

—_
© o
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Sixteen (26.1%) of the areas were classified as patchy (isolated or intermittent patches
of spawning gravel) and thus considered to have marginal potential as spawniné
habitat.. Of the remaining 45 areas with good potent.ial for spawning use, 29 (64 %)
were greater than 100 m in length and 16 (36 %.) were less than 100 m in length. The
areas greater than 100 m in length collectively comprised 5000 m of spawning habitat
accounting for 84.7 % of the total potential spawning habitat identified.

Potential spawning habitat was present throughout the study area but variable
between zones. Areas in Zone A that exhibited characteristics suitable for spawning
were pr;sent along 125 m of shoreline accounting for 2.1% of the totél reservoir
spawning habitat. In Zone B, 700 m of shoreline exhibited characteristics suitable for
spawning accounting for 11.7% of the total reservoir spawning habitat. Zone C had
600 m of potential spawning habitat accounting for 10.0% of the total reservoir
spawning habitat. Approximately 825 m of spawning habitat were identified in Zone D
accounting for 13.8% of the total reservoir spawning habitat. Zone E accounted for
1,825 m (30.4%) of the reservoir spawning habitat. The amount of potential spawning
habitat in Zone F Was 1,925 m accounting for 32. 1% of the reservoir total. Zones D,
E, and F combined contained 4575 m (76.3 %) of the potential spawning habitat present
in Holter Reservoir. Twenty-six of the 29 (89.7%) areas > iOO m were uniformly
scattered in the lowqr 25.4 km portion of the study area (Zones C, b, E, and F).
Classification of Shoreline Soil Types

In 1991, a soil resource investigation was conducted (Stensatter et al. 1991) to

document, quantify, and describe the properties and condition of the soils found along
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the shoreline of Holter Reservoir. Stensatter et al. (1991) reported minor, moderate,
and active shore erosion occurring in certain areas of the reservoir. Of the 60 erosion
sites evaluated by field investigation (Stensatter et al. 1991), 14 were considered to be
in an active erosion condition (Figure 2). The remaining sites were either in a minor
or moderate activity condition classification. The 13 active erosion sites identified in
the 1991 survey plus 1 additional site, not previously identified (Figure 2) collectively
comprise 12.6 km (14.8%) of shoreline within the study area (Appendix A). These
sites vary in length from 30 to 3,465 m (Appendix A). Eleven of these sites,
comprising 11.3 of the 12.6 (89.7%) km of eroding shoreline, are found in the lower
portion of the reservoir near or down reservoir of RKM 29.0 (Appendix A).

Quantification of Temporal Habitat Changes

Temperature, light intensity and climatic factors work in concert with physical
characteristics (depth, substrate) to determine the quantity and quality of walleye
habitat in Holter Reservoir. During my study, the ice cover thawed during March in
1991 and February in 1992. Seasonal temperature patterns were generally similar for
1991 and 1992.

During the spring surface water temperature rapidly warmed after disappearance of
ice cover. Mean daily water temperatures in spring 1992 were 2 to 3 °C warmer than
those measured at similar times during 1991 (Figure 3). Mild winter conditions and
warm weather during February of 1992 resulted in the early thawing of reservoir ice-
cover. The temperature differential between years decreased to about 1.5°C as

summer approached. Mean daily surface water temperatures were approximately
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20°C by late June and remained fairly consistent at @at level through mid to late
August (Flgure 4). Mean daily water temperatures during the fall appeared to drop at a
consistent rate during both years of the study (Figure 5).

Monthly temperature profiles collected at the Montana Department of Fish,
Wildlife, and Parks limnology sampling stations (Figure 1) were used to assess th;a
vertical variation in water tmﬁpefatures. Stratification was mosfc pronounced during the
- months of July and August at both the Jackson and Cottonwood stations _(Appéndix B).
Temperature profiles at the Cottonwood station exhibited weak signs of stratification
with a surface to bottom differential not greater than 5.2 °C and bottom temperatures
(;f 14.2 to 16.1° C (Appendix B). In contrast, temperature profiles collected at the
Jackson station displayed evidence of pronounced tilermal stratification during the
summer months with a surface to bbttom differential as great as 14.2°C and bottom
vtemperatures of 7.5 to 7.8° C (Appendix B). A thermocline déveloped at the Jackson
station at approximately 18.3 m of depth. These differences in thermal profile are
probably related to mar.ked' differences in localized retention times and associated
current veloc;ities between the two sampling locations, as a result of differences in
general basin morphometry.

Light Availability/Intensity

Secchi disk (S.D.) and photométer readings indicated a high degree of temporal and
spatial variability in the extent of light penetration (water fransparency) within the
reservoir attributeable to seasonal changes in reservoir productivity, retention time, and

shoreline erosion. Secchi readings taken monthly at MDFWP Limnology Sampling
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Stations (Figure 1) indicated that light penetration was typically highest during the
month of July, after spring run-off and between seasonal peaks in plankton abundance
(MDFWP 1992). Monthly S.D. trapsparency ranged from 1.4 (5/91) to 4.4 m (7/92)
at the Cottonwood Station (Figure 6) and from. 1.7 (5/91) to 6.9 m (7/92) at the
Jackson Station (Figure 7). ‘

Monthly water transparéncy at the Cottonwood Station é_veraged 2.6,2.8,and 3.1,
m for 1990, 1991, and 1992, respectively. Maximum recorded S.D. trz;nsparencies
were 3.6, 3.8, and 4.4 m for years 1990, 1991, and 1992, respectively (Figure 6).
Minimum S.D. transparencies were 2.1, 1.4, and 2.6 m for 1990, 1991, and 1992,
respectively (Figure 6).

S.D. transparency at the Jackson Station was typically greater than at the
Cottonwood Station. Monthly S.D. transparency at the Jackson Station averaged 3.6,
3.5, and 4.4 m with a maximum of 5.5, 5.5, and 6.9 m fo£ 1990, 1.991‘, and 1992,
respectively (Figure 7) Minimum S.D. transparencies were 2.1, 1.7 and 2.6 m for
1990, 1991, and 1992, respectively (Figure 7).

On a more localized level, S.D. transparency was measured in areas of elevated
turbidity associated with eroding shoreline areas. Secchi disc readings ranged from 0.4
to 1.2 m in the highly turbid portions of the reservoir with variation associated with
wind direction and intensity. Approximatély 51% of the winds originate from the
west in the study area (Figure 8). Wind speed was greatest for winds from the

southwest (24 km/h) followed by winds from the west (19 km/h) (Figure 9).
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Habitat Selection

Tagged walleye were located during 67 tracking episodes over the 2 year study
period. Spring tracking (39 episodes) accounted for 58.2% of the effort. - The focus of
spring tracking was to determine spawning-related behavior and identify habitats
selected for spawning. Twenty-two tracking episodes, accounting for 32.8% of the
total effort, were conducted during summer. Tracking during fall was difficult due to
high winds and water turbulence, resulting in hydrophone static interference, and
therefore éonstituted a sr;lall percentage (12.0%) of the total saﬁpling effort. Sonic
tagged walleye were relocated 848 times during my study. Spring, summer, and fall
observations, respectively, accounted for 53.8%, 36.1%, and 10.0% of the relocations.
I made 514 relocations during 1991; 299 (58.2%) were female fish and 215 (41.8%)
were males (’fable 6). Observations included 251 (48.8%) during spring, 224 (43.6%)
during summer and 39 (7.6 %) during fall 1991(Table 6). During 1992, 334
observatfons were made; 206 (61.7%) were female walleye and 128 (38.3'%)' were
males (Table 7). Spring, summer, and fall ‘observations accounted for 206 (61.7%), 82
(24.6%) and 46 (13.8%) reloc_ations,‘ respectively (Table 7). |
Distribution of sonic-tagged fish located by telemetry

Adult walleye located with ultrasonic telemetry equipment were distributed
throughout the study afea, but were most commonly located in the lower zones, E and
F. Less tflan 5% of the observétions were nﬁade in Zones A and B (RKM 8.0 to 19.3, .
Figure 10).' Locations thhin Zones C and D (RKM 19.3 to 29.0) accounted for

13.8% of the observations recorded (Figure 10). Most (81.3 %) fish observed were -
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located in Zones E and F (RKM 29.0 to 45.1, Figure 10) within the northern portion of
the reservoir. The mode of all locations recorded was at RKM 32.8, near Indian Trail
Lodge within the Oxbow Bend portion (Zone E) of the reservoir. The distribution of
fish relocations was _similar during 1991 and 1992 (Figures 11 and 12).

Seasonal patterns of habitat use within the reservoir were evident. During
1991, several fish were initially located within Zone A (RKM 10.0) in March, before
the ice cover melted (Figures 13 and 14). As spring advanced, fish were located in the
lower 25 km of the reservoir (Zones D, E, and F) with the greatest frequency of
observations recorded af RKM 33.0 near the Indian Trail Lodge in Zone E (RKM 29.0
to 37.3). During the summer of 1991, fish locations were concentrated in the lower
16.1 km of the reservoir within Zones E and F (RKM 29.0 to 45.1)(Figures 13 and
15). The mode of the summer observations was near RKM 33.8, with similar
frequency of utilization observed near RKM 38.0. By fall, fish were less concentrated
and occupied locations throughout the reservoir (Figure 13 and 16) with a mode near
RKM 31.6. Median values of spring and summer observations and spring and fall
observations were significantly (p < 0.05) different (Kruskal-Wallis ANOVA on
Ranks) while those between summer and fall 1991 were not.

The trend in the temporal distributic?n of walleye during 1992 was similar to
that observed during 1991 (Figure 17). Spring observations wére distributed
throughout the reservoir (Figure 18) with the greatest frequency qf observations at
RKM 27.0 (Zone D).and RKM 32.8 (Zone E). During summer 1992, fish locations

were distributed throughout the lower 19.5 km (RKM 24.5 to 44.0) of the reservoir in
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Zones E and F (Figures 17 and '19) but were less concentrated than in 1991. Within
Zone E (RKM 29.0 to 37.3), utilization was greatest at RKM 32.8, 36.0, and 36.2
(Figure 19). During the fall of 1992, fish were located within the lower 25 km (RKM
20.1 to 45.1) of the reservoir with the greatest number observed near RKM 38.6 .
(Figure 20). Median values were significantly different (Kruskal-Wallis ANOVA on
Ranks, p < 0.05) between spring and summér observations and between spring and
fall observations but not between summer and fall locations for 1992. Tagged walleye
frequented zones where the range and diversity of depths were highest.
Depth Utilization

Sonic tagged walleye were located in waters with depths ranging from 1.2 to 29.9
m, during the study (Figure 21). The mean agd standard deviation of the depths at
sites occupied by walleye were 6.9 and 3.7 m, respectively. The modal depth at sites
where sonic-tagged walleye were found was approximately 5.5 m during monitoring
periods. Most (82.4%) depths utilized were normally distributed about the mean with
a range from 3.7 to 11.0 m (Figure 21). Waters with depths in this range accounted
for 422 ha (21.7%) of the total reservoir surface area (Table 3). Approximately 50%
of the observations were at locations with depths ranging between 4.9 and 8.2 m.

Walleye exhibited both seasonal and diel depth use patterns which were highly
variable, with utilization often dictated by short-term and localized conditions. During
the spring, adult walleye were monitored during the day at sites with depths ranging
from 2.1 to 20.7 m; mean depth was 6.3 m (Figure 22). Mean daytime depths during .

the spring season for 1991 and 1992 were 6.2 and 6.5 m, respectively. Median depths
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at sites where walleye were located were significantly different between years (P <
0.01) (Mann Whitney Rank Sum Test).

During the' spring, walleye wére located at night at sites with dépths ranging from
1.2 to 22.6 m (Figure 23) with a mean of 5.4 m (Figure 23). Mean nighttime depths
used during spring 1991 and 1992 were 5.4 and 5.6 m, respectively. Median values
for depths where walleye were located were sighiﬁcantly different between years
(Mann Whitney Rank Sum Test, P < 0.01). Significant differences (Mann Whitney
Rank Sum Test) were -also observed between median values for day versus night
observations during spring 1991 (P < 0.01) and 1992 (P < 0.01).

Walleye were located during summer days at water depths ranging from 2.1 to 25.9
m, with a mean of 8.4 m (Figure 24). The mean daytime depths id'entiﬁgd during
summer 1991 and 1992 were 9.1 and 7.3 m, which were significantly different (Mann
Whitney Rank Sum Test, P < 0.01). |

Walleye were located during summer nights in waters ranging from 1.8 t0 29.9 m
in depth, with a mean of 8.4 m (Figure 25). The mean nighttime depths observed
during the summer season for 1991 and 1992 were 8.7 and 5.5 m, reépectiyely and
were not significantly different between years (Mann Whitney Rank Sum Test, P = |
0.258). The median depths obse'rveci were not signiﬁcéntly different between summer
day versus night obser.vations during 1991 (P = 0.618) and 1992 (P = 0.305).

In fall, walleye were observed during the day. at sites with depths ranging from 2.4
to 18.9 m (Figure 26). The mean debth utilized by walleye during the day was 6‘.8 m

during the fall season (Figure 26). The mean daytime depths observed during fall 1991
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and 1992 were 7.2 and 6.6 'm, respectively, which were not significantly different
between years (Manri Whitney Rank Sum Test, P = 0.912). Walleye were located
during fall nights at sites with depths averaging 6.6 m and. ranging from 3.1 to 13.7 m
(Figure 27). The mean nighttime depths observed during fall 1991 and 1992 were 5.8
and 8.2 m, respectively. Depths observed during fall nighttime were not significantly
different between years (Mann Whitney Rank Sum Test, P = 0.687). Median values
were not significantly different (Mann Whitney Rank Sum Test) between day vefsus
night observations during fall 1991 (P = 0.658) and 1992 (P = 0.209).

Vafiations in depth utilization between seasons were statistically evident during
1991 but not 1992. Daytime depth utilization during spring versus'summer, and
summer versus fall 1991 were statistically different (Kruskal Wallis ANOVA on
Ranks, P < 0.05) but not between spring versus fall. Significant differences (P <
0.05) in nocturnal depth utiiization were evident between spring versus sﬁmmer but not
between summer versus fall or spring versus fall. No significant differences were
detected between seasons for either day (P = 0.113) or night (P = 0.0874)
observations during 1992. Tagged walleye tended to be present in littoral and sub-
littoral habitat types, however utilization was concentrated in the lower reservoir
despite the fact that these habitat types were present thioughout the reservoir. While
tagged walleye frequented zones where profundal habitat was present they generally
were nét found in these deeper habitats.

Substrate Utilization

Adult walleye were located more frequently in areas with firm substrates (65.6%)
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than with soft substrates (34.3%). Of the daytime observations, 61 % were recorded
~over firm substrates and 39% over soft substrates (Figure 28). buring spring, the
éercentages of daytime observations recorded over firm and soft substrates were similar
at 50.9% and 49.1%, respeétively (Figure 28). During the summer, 84.4% of daytime
locations were recorded over firm substrates (Figul;e 28). During the fall, more
observations were recorded over soft substrates (56.7 %).

At night, 76.1% of walleye rélocétions were ovér firm substrates and 23.9% over
soft substrates ‘(Figure 28). During the spring and summer, nighttirric? Vrelocati‘ons were
most frequently (;ver firm substrates accounting for 77.1 and 77.6%, respectively
(Figure 28). During theufall, 60% of the nocturnal observations were over firm
substrates and 40% over soft substrates (Figure 28). A consistently greater percentage
of the observations were made over soft suBStrates during ihe day c‘o,mpélred to fhe
night for all seasons except summer.

| Adult walleye relocations over soft substrates were generally at shallower water
depths than those over firm substrates. The depth recorded at fish locations over soft
substrate's avéfaged 51m (s.d.\. = 2.09) compared to an average of 80 m(s.d. =
4.01) over firm substrates.

The distribution of tagged fish appeared to be tied to the percent of soft and
unconsolidated ﬁrm.substrates present. With the éxception of Zone A, walleye
frequented zones (Zones D, E, and F) where the percent-of éoft substrate along
shoreline areas exceeded 9% (Table 4). Walleye also frequented zones (anes D, E,

and F) where the percent of unconsolidated firm substrate along shoreline areas
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exceeded 9% (Table 4). Walleye use was cdncentrated in zones where soft and |
unconsolidated firm substrates accounted for greater than 19% of the reservoir
.shoreline. Walleye were‘.co'ncentrated in areas where soft and unconsolidated firm
" substrates were most abundant. |
Annual Variation in Utilization of Different Reser\;c‘)ir Zones

" I made 514 relocations of adult walleye dufing 1991, and 334 relocations in 1992,
The median resérvoilr locations for both years was within Zone E, at RKM 34.1 in
1991 and RKM 33.1 in 1992 (Figure 1). Median reservoir locations in 1991 and 1992
were significantly different between the spring seasons (P = 0.0429, Mann-Whitney
Rank Sum Test) but not during the summer (P = 0.0752) or fall (P = 0.406) seasons.
Annual and Seasonal Variation in Reservoir Utilization by Sex

Of the 848 total relocations for both years, 505 (59.6%) were of female walleye
and 543 (40.4%) were of male walleye. Median locati(.)ns of the males versus fémales
within tﬁe reservoir were not significantly different in 1991 l(P = 0.649, Mann
Whitney Rank Sum Test; 299 females, 215 males), but were significantly different in
1992 (P = 0.0301, Mann Whitney Rank Sum Test; 206 females, 128 males).

Male Walleye used the ‘reservo_ir in a similar paftern in 1991 and 1992 and median
Iocations within the rése;voir were not-signiﬁcant‘ly different (P = 0.345, Mann-
Whitney Rank Sum Test) between years. Medign reservoir locations were not
significantly different (Mann-Whitney Rank Sum Test) for male walleye between 199i

and 1992 for the spring (P = 0.669), summer (P = 0.444), or fall (P = 0.597)

seasons.
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Female walleye utilized the reservoir differently between 1991 and 1992 with
significant differences (P < 0.01, Mann-Whitney Rank Sum Test) between median
locations used in 1991 versus 1992. Significant differences (Mann-Whitney Rank Sum
Test) in median reservoir location were detectable for female walleye between 1991
versus 1992 for the springA (P < 0.01) and fall P < 0.01) seasons but were not
detectable for the summer seasén P = 0.123).

During 1991 and 1992, male walleye resided primarily iﬁ the lower reservoir. In
1991, median reservoir locations were RKM 33.0 during spring, 37.2 during summer,
and 36.5 during fall. Significant differences (Kruskal Wallis ANOVA on Ranks) in
reservoir utilization by males were detected between spring versus summer, and spr.ing
versus fall locations, but not between summer versus fall. During 1992, median
reservoir locations of male walleye were RKM 32.8 during spring, RKM 36.0 during
summer, and 38.6 during fall. Significantly different (Kruskal Wallis ANOVA on
Ranks) patterns of reservoir utilization were detected between spring versus fall
locations but not between spring versus summer, and summer versus fall locations.

During 1991 and 1992, female walleye resided primarily in the lower reservoir. In
1991, median reservoir locations were RKM 32.8 during spring, 36.5 during summer,
33.9 during fall. Significantly different (Kruskal Wallis ANOVA on Ranks) utilization
was evident between spring versus summer, and summer Versus fall locations but not
between spring versus fall. During 1992, median reservoir locations of female walleye
| were RKM 28.6 during spring, 36.0 during summer, and 39.3 during fall (Figure 1).

A significantly different (Kruskal Wallis ANOVA on Ranks) pattern of utilization was
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detected between spring versus summer, and spring versus fall locations but not
between summer versus fall locations.
Home Range Size and I.ocation

Analysis of sizes and locations of home ranges required relocations to be expressed
in UTM Coordinates, rather than reservoir kilometer. The Geographical Activity
Center (GAC) for individual fish was determined by averaging the north and east UTM
coordinates for relocations within a given time period (seasoﬁ, year). GAC statistics
used to generate information on home range size and location for individual fish are
presented in Appendix C.

Walleye home ranges averaged 6,337 m in diameter during my study. During
1991, the mean homé range diameter was 5,835 m, ranging from 1,081 m to 13,009 m
(Figure 29). During 1992, the mean home range diameter was 6,924 m and ranged
from 2,051 m to 19,138 m.

Sixteen fish were tracked throﬁgh the entire study. The coefficient of variation
(CV) in home range size (diameter) between years was slight (CV < 0.22) for 11 of
the.s<3 fish. Five fish (31.3 %) exhibited a substantial cha‘nge in home range size
between years; two (#348 and #375) had a greater home range size during 1992 and
three (#2237, #249, and #357) had a greater home range size dﬁring 1991.

GAC positions of sonic-tagged walleye indicate that they tended to occupy the
lower parts of the reservoir, Zones D, E, and F during spring, summer, and fall of
both years. GAC positions during spring 1991 (Figﬁ‘re'30) spggest a strong affinity to

areas near the Holter Reservoir oxbow (Zone E). GAC positions during spring 1992
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indicated fish used the same general areas, and in addition, Zone D (Figure 31).
During the summer months, walleye were generally concentrated within Zones E and
F. GAC positions showed a fairly distinct conéentration of fish near the boundary
between Zones E and F during the summer of 1991 (Figure 32) and dispersal of fish
over the lower portion of the reservoir including Zoneg D, E, and F during summer
1992 (Figure 33). During the fall of 1991, GAC statistics indicated that walleye were
widely scattered throughout the lower reservoir in Zones C, D, E, and F (Figure 34).
In contrast, tagged walleye were located only in Zones E and F during the fall 1992
(Figure 35).

The GAC values for all 1991 (Figure 36) and all 1992 (Figure 37) walleye
relocations indicate a strong preference for residency within the lower portion of the
reservoir. ngleye ob‘served during 1991 utilized portions of Zones D, E, and F with
the highest utilization in Zone E (Figure 36). This pattern was similar dgring 1992 as
indicated by GAC values for that time period (Figure 37). As e);pected, utilization
over the entire study period (as measured by GAC position) reaffirms the apparent
strong prefe'rence for loWer reservoir habitats (Figure 38).

Movement Rates

Movement rates, computed for walleye with multiple observations within a 24 h
peri(;d, were highly variable with evidence of distinct seasonal patterns. Movement
rates (km/24 h) were greatest during March (Figure 39), averaging 8.2 km/24 h. Mean
movement rates during the months of April, May, and June were 3.7, 3.2, and 4.8

km/24 h, respectively (Figure 39). Movement rates during summer were low
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