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EXECUTIVE SUMMARY

The study was initiated to determne the effects of reservoir
operation upon principal gamefish species in Hungry Horse Reservoir
and to quantify seasonal water |evels needed to maintain or enhance
the reservoir fishery The study is part of the Northwest Power
Planning Council's fish and wildlife plan which has the
responsibility to protect fish and wildlife resources inﬂacted by
hydroelectric devel opment in the Colunbia River Basin. The Hunng
Horse study began in May 1983, and is scheduled to continue throug

1987.  This annual report includes data collected during the 1983
and 1984 field seasons.

~The data col | ection methods have been tested and refined to
Brow de information which will enable us to develop relationships
etween reservoir operation and gamefish popul ations.

Downstream fish traps were operated in five tributaries to
Hun?ry Horse Reservoir in 1984, A total of 1,617 juvenile and 224
adult westslope cutthroat trout were caught in these traps. The
spawni ng run of 389 westslope cutthroat trout ascending Hungry
Horse Creek in 1984 was markedly less than in 1968-1972.

Stream habitat surveys were conducted on 84 reaches in 62
tributaries. Adfluvial cutthroat trout spawning and rearing
habitat appeared to be confined to stream reaches wth a gradient
| ess than 10 percent.

Hungry Horse Reservoir was isothermal from approximat eIK m d-
Novenber to md-My, thermally stratified from md-June through
Septenber and ice-covered from md-January to about md-April.
Specific conductivity, pH and dissolved oxygen values were
gener al Ig/ in the optimum range for westslope cutthroat trout and
appeared to have little direct influence on fish distribution.
Water tenperature had a mjor influence in fish distribution and
activity through its regulation of netabolism spawning periodicity
and food availability.

There was little difference in nean zoopl ankton densities
anong the three geographic areas of the reservoir.  Copepods
dom nated the zoopl ankton comunity followed in abundance by
O adocerans. Daphina densities were highest in the spring and fall
and |owest during the summer and winter. The popul ations of
Daphnia were conparable to those found in Flathead Lake, but |ess
than recorded in Lake Koocanusa.

Surface insects were patchily distributed inthe reservoir,
resulting in large variances anong sanples. Little difference
could be detected in densities between the near and offshore
sanpl es among the three geographic areas. Aguatic dipteran nunbers
were highest in the spring and fall, while terrestrial densities
peaked from August through Cctober.



Aguatic dieteran larvae were lowest in the depth strata which
was dewatered in 1983 and 1984. Considerabl e col onization occurred
in the dewatered areas in the summer and fall after they had been
f1 ooded.

Cutthroat trout feed primarily on terrestrial insects followed
by aquatic Dipterans during the sumrer and fall, 1983. Daphnia was
the major food ingested during the winter, with cutthroat selecting
the larger Daﬁhnia above 1.5 mmin length. The biomass of stomach

contents in the winter was nuch less than during the remainder of
the year.

Fish distribution throughout the reservoir appeared to be
controlled primarily by water tenperature and food availability.
West sl ope cutthroat trout were concentrated in the upper Six neters
of the water colum in the nearshore zone when surface water
tenperatures are bel ow 17-18°c. At higher tenpacaturies cutthroat
moved into the deeper offshore waters. A simlar distribution
pattern was exhibited by bull trout and mountain whitefish, except
these species are closely associated with the reservoir bottom
Northern squawfish were distributed throughout the water colum in
the nearshore zone during the summer and fall when water
tenperatures were above 15°c, Wen tenperatures declined in
Cctober they moved into the deeper, offshore, zone, and becane
relatively inactive. The different tenperature preferences of
cutthroat and squawfish resulted in a tenporal and spatial

separation in use of the reservoir nearshore and offshore habitat
Z0nes.

The catch of westslope cutthroat trout in floating gill nets
varied considerably seasonally and among the three reservoir areas.
Vter tenperature reservoir elevation differences and pre-spawning
movenents accounted for nost of the sanpling variability.
Cutthroat mean catches in 1984 ranged froma 0.2 fish per net in
August to 4.8 per net in April. These nmean catches were conparable
to those recorded in Flathead Lake and Lake Koccanusa.

Bull trout mean catches in sinking gill nets were highest in
May, intermediate in Cctober and lowest in August. The nean catch
(753 bull trout per net in the spring was higher than recorded in
Flathead rake and Lake Koocanusa.

~ The purse seine technique was not successful in obtaining
reliable population estimates for westslope cutthroat trout. An
increase in sanpling intensity in the Sullivan area during the

spring and fall should increase markedly the reliability of
popul ation estimates.

Movenment patterns of cutthroat trout were influenced primrily
by reservoir operation, location of spawning tributaries and food
abundance. There appeared to be an up-reservoir novement in the
spring associated with spawning and reservoir refill and a down-
reservoir novenent in the fall and winter associated with drawdown.



The annual refill and drawdown CYC| e had | arge inpacts upon
the morphonetrics and thermal stability of the reservoir. The
drawdown period caused large reductions in the surface area,
volume, Shoreline length, wetted bed area volunme in euphotic zone
and hydraul i c-residence times. These changes in reservoir habitat
appear edt ohave adverse effects upon fish food availability and
reduced the quality and quantity of living space for most fish
species. This probably translates into reduced growth and in-
creased nortalities for westslope cutthroat trout during periods of
extreme drawdown. The piscivorous bull trout may benefit from the
dimnished living space associated with drawdown. Predation
efficiency should increase as fish are concentrated into |ess area.
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INTRODOCTION

The Pacific Northwest Electric Power Planning and Conservation
Act passed in 1980 by Congress has provided a nmechani sm which
integrates and provides for stable energy planning in the Pacific
Northwest. The Act created the Northwest Power Planning Council
and charged the Council with developing a conprehensive fish and
wildlife program to protect and enhance fish and wildlife inpacted
by hydroelectric devel opment in the Colunbia River Basin.
| npl ementation of the plan is being carried out by the Bonneville
Power Administration. The Hungry Horse Reservoir study is part of
that Council's plan.

Reservoir operation affects game fish production by altering
the physical environnent through changes in reservoir norphonetrics
such as surface area, water volume, nean depth and shoreline
| ength. Annual drawdown for flood control and power production
adversely affects primary productivity (Wods 1982), benthos pro-
duction (Benson and Hudson 1975?, and fish production in reservoirs
(Jenkins 1970). G aham et al. (1982) indicated that increased
l'evel s of drawdown in Hungry Horse Reservoir from 1965 to 1975
adversely affected the growth and survival of westslope cutthroat
trout (Salno clarki lewsi).

A maxi mum dr awdown of 85 feet wasproposed by G ahamet al.
(1982). This drawdown proposal will need to be reviewed in [|ight
of the additional data that will bhe generated by this study and the
proposed changes in operation due to the "water budget" flows
designed to enhance downstream migration of salmon smolts in the
Columbia River. This report presents data collected during the
first two years of a four year study.

OBJECTIVES
This study proposes to quantify seasonal water |evels needed
to nmaintain or enhance principal ganefish species in Hungry Horse
Reservoir. The specific study objects are listed below.

1. Quantify the amount of reservoir habitat available at
different water level elevations.

2. Estimate recruitnent of westslope cutthroat trout juveniles
from inportant spawning and nursery tributaries.

3. Determne the abundance, growth, distribution and use of
avail abl e habitat by major gane species in the reservoir.

4, Determne the abundance and availability of fish food
organisms in the reservoir.

5. Quantify the seasonal use of available food items by major
fish species.



6.  Develop relationships between reservoir drawdown and reservoir
habitat used by fish and fish food organisns, and

7. Estimte the impact of reservoir operation on major gamefish
Speci es.

DESCRIPTION OF THE STUDY AREA

Hun(_?ry Horse pam was conpleted in 1952 and the reservoir
reached full pool elevation of 3,560 feet nsl in July, 1953. The
dam inpounded the South Fork of the Flathead River eight km
upstream fromits confluence with the Flathead River (Figurel).
Hungry Horse is a large storage reservoir, operated by the Bureau
of Reclamation, whose primary benefits are flood control and power
production. The principal power benefit comes from generation at
downstream projects. \ater passes through 19 downstream projects,
generating approximately 4.6 billion kilowatt hours of energy as
conpared to 1.0 billion at the Hungry Horse project.

The South Fork drains an area of approximtely 4,403 km2 on
the west side of the Continental Divide in northwestern Mntana.
The basin is underlain princi all?/ by sedinmentary rocks. The
drainage is alnmost entirely within [ands admnistered by the U.s.

Forest Service with the upper part in the Bob Marshall W/ derness
area.

WATER QUALITY

VWater quality data collected during 1978 indicated that Hungry
Horse Reservoir is an oligotrophic body of water with [ow nutrient
input and primary productivity. Low nutrient concentrations,
transparent water and |ow algal standing crops are related to the
basin's geol ogy, the conparatively pristine nature of the South
Fork watershed and reservoir mnorphology. Mst of the drainage area
is underlain by nutrient-poor Precanbrian sedimentary rock which is
frequently deficient in carbonates and phosphorous. Mean
concentrations of surface water total phosphorous, and dissolved
ort hophosphorous ranged, from 0.008 to 0.029 ng/liter and 0.005 to
0.013 ng/liter, respectively. Average concentrations 0
chlorophyll a in surface waters ranged from0.45 to 0.82 mg/m
(Bureau 0of Recl amation 1981?. Phosphor ous concentrations were
higher in the upper end of the reservoir, but chlorophyll g
concentrations were highest near the damand | ower towards the
upper part of the reservoir.

MORPHOMETRICS
At full pool the reservoir is 56 km in length with an area of

23,800 acres and a volume of 3,468, 000 acre-feet. Usable storage
for power production starts at elevation 3,336 msl and includes

2
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2,982,000 acre-feet which is 86.0 percent of total full pool
volume.  Maxi mum drawdown of 224 feet would |eave only 14.0 percent
of full pool capacity (Table 1). The naxi mum drawdown on record of
128 ft. In 1972 reduced the volume to 37 percent of full pool. The
recommended drawdown of 85 ft. reduces reservoir volune to 53
percent of full pool capacity.

RESERVOIR OPERATION

Reservoir operation has varied considerably since Hungry Horse
was first filled. Hstoric operation can be classified into three
periods based on average annual maximum drawdown: 1) 1955-64 when
drawdown averaged 64 ft., 2) 1965-75 when drawdown averaged 92 ft.
and when drawdown for advance power began; and 3) 1976-82 when
drawdown averaged 66 ft. Maxi mum drawdown has ranged from 31 ft.
in 1963 to 128 ft. in 1972 with a mean of 76 ft. (Fig_ure.ZL.
Maxi mum dr awdown has been bel ow the proposed 85 foot |evel in eight
of 29 years of record. \ater requirements for water budget flows
may nmodify reservoir operation in the future.

The operation of Hungry Horse Reservoir is controlled by a
combi nation of interacting factors which include: flood control,
generation of hydroelectric power, recreational use of the
reservoir, resident fish flows for the Flathead R ver and water
budget flows. The reservoir is drafted in the fall to provide
advance power for direct service industries. The najor evacuation
of water, however, occurs from Decenber through March for flood
control and power production.  The reservoir is usually filled by
the end of July and remains at full pool wuntil after Labor Day to
provide summer recreation opportunities. Operation is also
regulated to provide flows for kokanee spawning and incubation of
eggs in the Flathead River downstream from the nouth of the South
Fork. ~ From Cctober 15 to Decenber 15, flows in the Flathead River
near Colunbia Falls are maintained between 3,500-4,500 cfs. A
mnimum flow of 3,500 cfs is maintained the renainder of the year
for incubation of kokanee eggs and for SFaWI’]i ng and rearing of
other fish species. In the future additional water may be provided
for water budget flows in the spring to facilitate the downstream
novenent of salnon snolts in the Col unbia River.

Power generation at Hungry Horse Damis part of the Pacific
Nort hwest power system The firmload for the Pacific Northwest is
18,200 nmegawatts. In an average water year, 14,500 nmegawatts are
generated by hydropower and 3,700 from other energy sources,
primarily thermal. Approximately 6,400 megawatts are produced by
other resources in a critical water year as conpared to 11,800 by
hydropower. The amount of secondary power (that sold out of the
region or supplied to high energy industry) is based on
aval lability of water in excess of that needed to meet firm |oads.

During all but the driest years, hydropower produces secondary
powver .



Table 1. Mrphonetric data for Hungry Horse Reservoir.

Drainage area (sg. mles) 1,700 (4,403 sg. km
Average annual discharge (acre-ft) 2,386,918 (2.95 cubic km) 2/
Surface area (acres) 23,800 (9,632 ha)

Pool length (mles) 35 (56 km

Shoreline length (mles) 133 (213 km)

Shorel i ne devel opment 5.95

Mean depth (ft.) 146 (44.5 n

Storage capacity (acre-ft) 3,468,000 (4.24 cubic km
Useabl e storage (acre-ft) 2,982,000 (3.68 cubic km
Storage ratio 1.45

Elevation at full pool (ft) 3,560 msl (1085.8 n
Elevation at mnimum pool (ft) 3,316 msl (1011.4 n

@/Based on unregulated flow from 1929-51.
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In summary the operation of the Hungry Horse project is
controlled by several factors including flood control, power
generation, resident fish flows, water budget flows and recreation
In the reservoir. Reservoir operation varies seasonally and
annual ly with changes in these factors and precipitation in the
dr ai nage. It follows that changes in reservoir operation to
benefit game fish populations would inpact other variables
controlling reservoir operation except for precipitation.

FISH SPECIES
Historic Status

Prior to construction of Hungry Horse Dam in 1952, the South
Fork Flathead River drai na?e was considered the mjor spawning area
for adfluvial fish stocks from Flathead Lake. Substantial nunbers
of bull trout and westslope cutthroat trout spawned in the South
Fork drainage along with smaller nunbers of mountain whitefish and
kokanee salnon (Qncorhvnchus nerka).  Native fish species in the
South Fork drainage prior to dam construction included westslope
cutthroat, bull trout, nountain whitefish, northern squawfish,
largescale  sucker (Catostomis macrocnealus), 'mngnose sucker
(catosto NUS _cat ost onus pygny whitefish (Prosopium coulteri) and
sculpins (Cottus sp,) .

_ The native species conprise almst the entire fish population
in the reservoir. They are considered abundant except for pygny
whitefish and |ongnose suckers which are rated as rare and cosnon,
respectively (Table 2). Pygny whitefish may be nore abundant than
net data indicates, because they are not vulnerable to being caught
in shoreline net sets.

Exotic species, which include arctic grayling (Thynall
arcticus), yellowstone cutthroat (Salm CQarki bouvieri), and
rainbow trout (sdno ga ), are present butrarely collected.
Approximately five mllion grayling fry were planted in the
reservoir in the md-1950's and 13,000 adult fish in 1965. No
other fish species have been planted in the reservoir.  However,
rainbow trout and Yellowstone cutthroat trout reached the reservoir
by drifting downstream from high nountain |akes planted from the
1930's through 1960.  Since 1970, westslops cutthroat trout has
been the.onl){] species planted in the South Fork  drainage.
I nterbreeding has occurred between westslope cutthroat, Yellowstone
cutthroat and rainbow trout in six tributaries which have |akes as
their source (Leary et al. 1983). The adfluvial strain of
westsl ope cutthroat trout inhabiting the reservoir appears to be a
pure strain,  but nmore electrophoretic work s needed to
substantiate the stock integrity.



Table 2. The relative abundance of fish species in Hungry Horse
Reservoir as determned by gill net catches and creel

surveys from 1958 to 1983.  Abbreviations are given in
par ent heses.

Rel ative

Speci es Scientific nane abundant e&/
Native Species
\ést sl ope cutt hroat Salnoclarki |ew si A
trout (WCT)
Bull trout (DJ Salvelinus canfluentus A
Muntain whitefish (MWF)  Prosopiumwilliansoni A
Pygny whitefish (PW) Prosopi um cout er | RY/
Northern sguawfish (NSQ) Ptychochei [ us oregonensis A
Largescal e sucker (CSU Catostomus macrocheilus A
Longnose sucker (LnQ) Gat ost onus cat ost omus C
Scul pin species Cottus sp R
Exotics
Rai nbow trout (RB) Sal no gairdner | R
Yel | owst one cutthroat Salmo lewsi houvier| R
trout (YCT)
Arctic grayling (R Thymal | us arcticus R

g-/Rel ative abundance: A = abundant, C = common, R = rare.

t—)/Pygmy whitefish may be nore abundant than net catches indicated

because they inhabit deep offshore waters and are not vulnerable
to shoreline net sets.



Fisheries studies on Hungry Horse Reservoir began in 1958 and
consisted primarily of nonitoring spawning runs of westslope
cutthroat trout into Hungry Horse Creek, nodifying and/or renoving
barriers to upstream fish mgration and nonitoring reservoir fish
populations W th sinking gill nets.

Cutthroat populations in the reservoir were initially limted
by inadequate recruitment of juveniles from the tributary streans.
Fish passage problens caused by poor culvert installation on the
road around the reservoir were inproved from 1963 to 1965 by the
Mntana Departnment of Fish, WIldlife and Parks and US. Forest
Service (Huston 1970). This program resulted in increased spawning

success and subsequent recruitnent of juvenile cutthroat to the
reservolr.

Westslope cutthroat trout is the primary species sought by
anglers in Hungry Horse Reservoir. From 1961 through 1969,
westsl ope cutthroat conprised 95 percent of the catch with the
remai nder consisting of mountain whitefish, bull trout and grayling
(Huston 1971). A fishery for nountain whitefish occurs in
tributary streams having fall spawning runs.

The larger average drawdown from 1965-1975 appeared to
adversely affect westslope cutthroat trout populations (Huston
1975). Spawning runs into Hungry Horse Creek declined and growth
of age IV cutthroat trout was slower during this period than during
periods of [esser drawdowns.

Véstslope Qutthroat and Bull Trout Life Cycles

Cutthroat trout inhabiting Hungry Horse Reservoir are thought
to be derived from Flathead Lake tish trapped behind Hungry Horse
Dam when it inpounded the South Fork. Three distinct life history
patterns of westslope cutthroat commonly occur throughout their
native range (Behnke 1979). Juvenile adfluvial westslope cutthroat
spend one to three years in the tributaries before emigrating to
Hungry Horse Reservoir. They generally reside in the reservoir for
one to three years, mature and return to their natal stream in June
and July to spawn and conplete the life cycle. Fluvial westslope
cutthroat trout are found in the mainstem of the South Fork. These
fish have a simlar life cycle to the adfluvial strain, except that
they grow and mature in a large river rather than a lake or
reservoir. The resident strain of westslope cutthroat trout
con'ﬁl etes its entire life cycle in small headwater streams.  These
fish sel dom reach total |engths longer than 200 mm whereas fluvial
and adfluvial cutthroat trout attain total lenghts up to 400-450m.

Bull trout al so have popul ations which exhibit the resident,
fluvial, and adfluvial life cycle patterns. Bull trout, however,
are fall spawners and their eggs hatch in March as conpared to July
and August for cutthroat. Bull trout mature at an older age, live
| onger and adults are piscivorous.



METHODS
TRIBUTARY HABITAT AND FISH POPULATIONS

Habi tat Surveys

Habi tat surveys were conducted on tributaries of Hungry Horse
Reservoir to evaluate Spawning and rearing habitat available to
adfluvial cutthroat and bull trout.

Streams  were divided into reaches according to valley
characteristics, stream gradient and stream order. Exact |engths
and gradients were calculated for each reach using a Nunonic 2400
Digittablet provided by the Flathead National Forest Service.

For each reach surveyed, a two-nmenber survey crew wal ked the
entire reach and recorded the follow ng: 1) square neters of
spawning gravel, 2) locations of bank instability, 3) location of
barriers, 4) stream pattern, 5 flow character, 6) width of
val l ey flat, 7) turbidity, 8 stage and 9) nunber of class I,

I, and Ill pools according to the classification system used by
Graham et al. (1980).

In addition, a nore intensive habitat survey was conducted
in arepresentative section within each reach which consisted of 30
random transects, one-meter w de across the stream The i nfor ma-
tion collected at each transect was recorded on Stream survey data
sheets (Appendix Al).

Stream reaches that were considered too steep or too small to
support an adfluvial fish population were. not  surveyed.
Furthernore, when obvious natural barriers to fish mgration were
encountered, stream surveys were discontinued.

Data will be recorded on standard Montana Interagency Stream
Fishery Data forms (Holton et al. 1981) then entered into the
statew de data base system, Total surface area of cutthroat
spawning and rearing habitat in tributaries of Hungry Horse
Reservolr wll be estimated. Suitable spawning habitat will be
classified as total area of the streanbed predom nated by material
12.7 to 76.2 mm and covering areas Of at |east 0.28 square neters.
Total rearing habitat will be estimated using Stream width and
stream | ength. Quality of rearing habitat will be estimted usin
streamgradient, substrate composition, percent pools, percent 0
instream cover, percent of overhead cover and depth. W will adapt
nodel s devel oped by Fraley and Gaham (1981) to predict potential
nunber of juvenile salmonids produced in tributaries to Hungry
Horse Reservoir. Popul ation estimates wll be made by reach in

inportant spawning tributaries to conpare predicted trout numbers
to existing populations.
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Cul vert Eval uations

Fish passage was evaluated at culverts installed in streans
crossing the main road around the reservoir. Flow and velocity
nmeasurenments were taken weekly during the spawning run of westslope
cutthroat trout. Length and dianeter of culvert, depth of junp
pool and height of jump into culvert from the pool was also
recorded. Visual observations of fish passage attempts were noted,

Popul ation Estimates

Popul ation estimates were obtained on seven streans in 1983
Figure 1) to determne fish abundance. The two-pass procedure
Zippin 1956) was used to nmake estimates in streams with flows |ess
than about 10-15 Cfs. For streanms wth higher flows the mark-and-
recapture nethod was utilized (Vincent 197I).  The section length
for the mark-recapture estimte was 300 mas conpared to 150 m for
the two-pass nethod. A braided nylon block net (12.7 mm mesh) was
placed at the lower and upper boundary of the shocking section for
two-pass estimates.  The tish were collected by electrofishing. A
stationary plate located in the water near the generator was used
as the cathode. The anode was hand held and connected to the
Variable Voltage Pulsator wth enough electrical cord to extend
over the entire section. In general, methods outlined by Shepard
and G aham (1983a) were used, except that block nets were not used
in the mark-recapture sections.

Fish Trapping

Box traps and |eads covered with 6.4 nm square mesh hardware
cloth were installed in 1983 in Enery, Hungry Horse, Tent, Mirray
MlInernie, NF. Logan, S F. Logan, Lower and Upper Twn, Tin,
Clark, Sullivan and Wheeler Creeks (Figure 1). Downstream traps
were fished in 1984 in Emery, Forest, Cark and Quintonkon creeks.
Traps ~Were checked twice daily and all fish were renoved,
anesthesi zed, neasured and weighed.  Species, length, weight, tag
number and tag type were recorded for each fish. Al fish |onger
than 250 mn were tagged with nunmbered anchor tags and fish 100 to
250 mm in length were tagged with nunbered dangler tags.  Scales
were taken for age determnation from representative sanples of
fish from each stream

A velocity barrier and upstream trap was designed and
installed at the permanent trap site in Hungry Horse creek
(Figure 1). A Wlfe type downstresm trap was installed in the
spring of 1984 to monitor the downstream novement of juvenile and
adult westslope cutthroat trout. An upstream box trap was
installed in the bypass channel to capture spawning adults.
Adults caught in the upstream trap were marked with a left pelvic
punch. ~ Spent spawners collected in the downstream trap were
inspected to determne if they had been previously captured and

11



marked during the spawning run.  The total number of fish in the
spawning run was estimated using the formulas taken from Vincent

(1971).
N =Ml (C+)) -1 where
(R+1)
N = Popul ation estimte
M = Number of fish marked (upstream trap catch)
C = Nunber of fish in catch sanple (downstream
trap catch) o
R = Nunpver of marked fish in recapture sanple (Q
Variance = 1:12 (C-R}

(C+1) (R+2)

RESERVA R HABI TRT

Hungry Horse Reservoir was segregated into the Enery, Mirray
and Sullivan areas based on reservoir morphometry and the effects
of drawdown (Figure 1). Wthin each of these study areas a
permanent station was selected for water quality and zooplankton
data collection.  Vertical fish distribution and benthic
macroi nvertebrate sanples were collected near these permanent
sites. In addition to permanent sanplin? sites, transects were
established across the reservoir at visual [andmarks where randomy

selected zooplankton, surface insect and purse seine sanples were
col | ect ed.

The reservoir habitat was divided into nearshore (littoral)
and offshore (limetic) zones. the littoral zone included the area
less than the depth of the euphotic zone (approxinmately 20 neters)
and less than 100 maters from the shoreline.

. For this report, contour maps of the reservoir made ﬁrior.to
i npoundment  were used to determmne surface area and shoreline
| ength of the reservoir at 20 foot contour intervals.  Contour
|Sn|t|tarval)‘s, were digitized by geographic area (Emery, Mirray and
ul'l'ivan).

Eventual |y, each 10-foot contour interval will be digitized by
geographic area.  The area and volume of each 10-foot interval can
then be conputed wusing the program GECSCAN devel oped by NMDFWP
(Lonner and Paxton, in prep.) This program can be wused to
determne volume of water in euphotic zone, volume of water in

prescribed tenperature range, surface area, volume and bottom area
dewatered at 10 foot contour intervals.

Monthly  lake-filling and hydraulic-residence times were

calculated "using the fornulas adapted from Whoods (1982) . Lake-
filling time represents the time required to replace the volume of

12



a reservoir at a given inflow whereas hydraulic-residence tine
represents the time required to replace the volume of a reservoir
at a given outflow

LET = y X 0.0833
|

HRT = ¥ X 0.0833

0
LFT = lake - filling tinme in years
HRT = hydraulic - residence time in years
Vv = reservoir volume in acre feet
I = nonthly inflow in acre feet
0 = monthly outflow in acre feet
0.0833 = conversion of nonths to years

PAHYSICAL LIMNOLOGY

Vdter tenperature (°c), d}.ssolved oxygen (mg.171), pH and
specific conductivity (umhos.cm*} were neasured at the permanent
sites. Measurenments were taken biweekly from My through Cctober
with a Martek Mark V digital water quality analyzer, and nonthly
from Novenber through Mrch when access to the reservoir was
avai | abl e. The vertical profile data were collected innediately
below the water surface, 1, 3, 5 7, 9 11, 13, 15 18, 21 m and
every three neters down to 60 m then every five neters from 60 m
to 100 mor the bottom  Calibration of the mater was done in the
field from May through Cctober and in the laboratory innediately
prior to field measurements from Novenber through March when
anbient air tenperatures were bel ow freezing.

Light transmttance was measured in foot candles using a
Protomatic photoneter. Incident light was measured innediately
above the water's surface. Light penetration was measured at
depths of 90, 60, 30, 15 5 1 and 0.1 percent of the incident
light. Geeson et al. (1977) defined the |ower boundary of the
euphotic zone as the 1.0 percent of incident [ight depth.

VWater tenperature, dissolved oxygen, pH conductivity and
Ii?ht transmttance profile data were entered into conputer data
files and transferred to the U S Ceological Survey WATSTCRE system
and the Environnmental Protection Agency STORET system | sopl eth
diagrans were generated using a conputer program titled STAVPEDE
(Wods and Falter 1982). This data base wll be wused in
correlation analyses of vertical zooplankton and fish distribution.

Several problems were encountered during neasurenents of

physi cal -chem cal profiles.  Field calibration of the Martek neter
requires approxinately one hour at each sanpling station. At
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ambient air tenperatures below freezing, field calibration was
I npossi bl e and the conductivity probe would not function.

FISH FOOD AVATLABILITY
Zooplankton

Crustacean zoopl ankton were sanpled fromthe upger 30 mof the
water colum.  Three 30 mvertical tows were made biweekly in the
Enmery and Sullivan areas and two in the Mirray area from April
through June, 1984. An additional tow was taken in each area from
July through Cctober. Sanples were collected monthly from Novenber
through April when access to the reservoir was possible. A 153-
mcron mash conical plankton net having a diameter of 0.115 m was
used. In each area sanples were collected at the pernanent
l'i mol ogi cal buoy and two randomy selected sites.  An additional
sample was taken in the Enery and Sullivan areas in Emery and
Graves bay, respectively. anples were collected according to
mat hods presented in Leathe and G aham (1982).

Vertical distribution of zooplankton was assessed using a 28.1
liter plexiglass Schindler plankton trap (Schindler 1969). A
plankton trap sanple series consisted of duplicate sanples
collected from the surface and every three neters down to 15 m and
then every five meters down to 30 m  Plankton trap sanple series
were collected nonthly in the three areas at the permanent
| i mol ogi cal buoys from m d-August through m d-Decenber.

Al'l zoopl ankton sanples were preserved_in the field with a
mxture of four percent formalin and 40 g-1~1 sucrose.  Plankton
net sanples were diluted or concentrated in the laboratory to a
vol ume where each one nl subsanple contained approximately 50 to
100 organi sns. Five 1.0 m subsanples were counted and identified
in a Sedgew ck-Rafter counting cell wusing a binocular conpound
mcroscope at 40X total magnification. Separate counts were nade
to estimate the densities of _Leptodora and _Epischura using a
Bogorov counting chanmber (Gannon 1971) with a dissecting mcroscope
at 38X total magnification. These organisns were relatively |arge,
but seldom appeared in subsanples due to their |ow densities.
Schindler trap sanples were concentrated to approximately 10 .
One m subsanples were counted and identified in a Sedgew ck Rafter

counting cell until the whole sanple had been enumerated.

Cladocerans were classified to genus (Daphnia, Leptodora,
Bosmina) , and copepods were segregated into Calanoids (genus
D apt and Epischura and (%Ycl opoids  (genus _Qyclaps) Al
juvenile copepods were identified as nauplil. Densities were
calculated for adults only and were expressed as number per liter
except, for Epischura and Leptodora which were expressed as nunber
per m3 due to their [ow numbers. One random one nl subsanple was
usedto neasure carapace length of each individual plankter, usi n?
a graduated field in one ocular of the mcroscope. Biomass o
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zoopl ankton was calculated using length - weight regressions in
Bottrell et al. (1976).

Bosmina Lnw= 3.0896 + 3.0395 LnL
Daphni a LnW= 1.4681 + 2.8292 LnL
copeppoda LnW= 1.9526 + 2.3990 LnL

Where: Ln = natural |og
W= dry weight (ug .
L = length of zooplankton in mm

I (The )wei ght of Leptodora zooplankton was taken from Cunmns et
al. (1969).

Anal yses of zoopl ankt on, surface insects, and benthic
macroi nvertabrates were based on density data. biomss and nunbers
of each of these three major food categories will be determned on
either an areal or volunetric basis.

Surface Insects

Surface insects were sanpl ed using a net towed along the water
surface.  The net consisted of a one neter wide frame attached to
3.17 mm mesh ace bobbin netting which tapered back to 1.59 mm nesh
bobbin netting with a collar. A removable plexi ?I ass bucket was
attached to this collar.  The bucket had a panel of 80 mcron nesh
netting to filter the surface water and retain all insects.

Two randomy selected sites in each area were sampled biweekly
in 1983 and from May through June 1984.  An additional sanple was
collected from July through October 1984. The frequency of sanpling
was reduced to once monthly in Novenber 1984.  Two sanples were
collected at each sanple site.  (One tow was made within 100 m of
the shore and one further than 100 m from shore. Each s.jl-rnple was
collected by towng the net at approximately 1.0 n¥sec™ for 10

mnutes in a zig-zag pattern. The time of sanpling was
standardi zed to afternoon.

All insects were preserved and individuals were identified to
order and counted. Blotted wet weights of insect orders were
measured in grams. Densities of insects were expressed as numbers
per hectare.

Bent hos

Benthos sanples were collected during the spring, fall and
winter season from a permanent transect in each area wth a
Peterson dredge which sanpled .092 sq. meters of reservoir bottom
Three replicate sanples were taken from each of the follow ng depth
intervals for a total of nine sanples: 1) full pool elevatign
(3,560 ft.) to reconmended drawdown elevation of 3,475 feet;
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recommended to maxi mum drawdown on record at elevation 3,432 feet:
and 3) below elevation 3,432 feet.

Benthos sanples were sieved in the field through 5.6, 0.85,
and 0.52 mm sieves and the material retained on the 0.52 mm sieve
was preserved. Al macroinvertebrates were picked fromthe sanple
and identified to order or class . MNunber and total blotted weti
wei ghts were_determined and densities were expressed as nunber'm”
and granms-m<, respectively.

FOOD HABITS

The year was stratified into four seasons based on reservoir
operation and surface water tenperatures.

1. Wnter (md-Novenber through April) - when the reservoir
is evacuated for flood control and pcwer production,
surface water tenperatures are below 8.0°C and the
reservoir is isotherml;

2. Spring (M and June) - when the reservoir is refilled
and surface water temperatures are between 10-15°C; and

I ncreasi ng.

3. Summer (July through md-Septenmber) - when the reservoir
is near full 1 and surface water tenperatures are
betvve.efn. d16-22 ~C and the reservoir is thermally
stratified.

4. Fall (md-Septenber through md-Novenber) - when drafting
of the reservoir begins for power production and surface
water tenperatures are between 10-159C and decli ning.

Fish sanples for the food habits study were collected wth
gill nets from each area of the reservoir during the seasonal gill
net series.  Approximately twenty of each cutthroat, bull trout,
mountain whitefish and northern squawfish were collected from each
area seasonally.

a.  Zooplankton in the stomachs were identified to genus and
carapace lengths of Daphnia determined from the
relationship between the length of the post-abdom nal
claw and the carapace. The regression formula is:

Y = 0.0553 + 11.74x
Were: Y = carapace length

X = post -abdom nal claw length
R = .962
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This regression was developed from neasurenents of
apFroxi mately 50 Daphnia from zooplankton sanples
collected at the permanent stations during the period
when Daphnia appeared in fish stomachs iwinter). The
length ~ of post-abdomnal claws in cutthroat trout
stomachs was determned by neasuring 20-25 claws from
fish <300 nm and >300 nmin |ength, keeping each area of
the reservoir separate. Biomass of Daphnia was then

calculated from the carapace length - weight regression
taken fromBottrell et al. (1976).

b. Insects were identified to order and the wet weight of
each order determned with on an analytical balance.

c. Fish were identified to species and then wet weight
determned gravimetrically.

d. Food habits data was summarized for each species by
season and size class in each area. If there is little
difference among areas, the data will be lunped for the
whol e reservoir.

e.  The numder frequency of occurrence, and weight of each
food item wll be calculated and conbined into an index
for relative inportance (IR). The IR values range from
0 to 100, with a value of 100 indicating exclusive use of
the food item

In general, food habits data was summarized according to
net hods presented by Leathe and G aham (1982). Feeding selectivity
will be assessed using the natural log of the odds ratio (Gabriel,
1978)

0 = Pl (l"Pl)

wher e:
0 = odds ratio

Py = percentage of diet conposed by a given prey
taxon
P, = percentage of food conplex in environnent
conprised by the given prey taxon.
Det overlap wll be evaluated using the Schoener index

(Schoener 1970).  This index is calculated as follows:
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a:| = O 5 Nle - Pyi

where: a = Schoener overlap index,

Pyi = proportion of food category i in the diet of fish
speci es X,

Pyi = proportion of food category i in the diet of fish
Species .

- This index ranges between 0 and 1.0, with a value of 1.0
indicating a large amount of diet overlap between the two species.

FISH ABUNDANCE AND DISTRIBUTION
Floating and Sinking GII Nets

Standard experimantal floating and sinking gill nets were used
to sanmple fish in near-shore areas. These nets are 38.1 mlong and
1.8 m deep and consist of five equal length panels of 19, 25 32
38, and 51 mmsquare nesh. Floating nets sanpled from the surface
down to 1.8 mand sinking nets sanpled fromthe bottomup 1.8 m A
floating net set consisted of two floating nets tied end to end
(double floater) and fished perpendicular from shore. A sinking
net consisted of a single net fished perpendicular from shore. In
each area seven double floaters and five sinkers were set in the
evening and retrieved the next morning (Figure 1).  The netting
series were done monthly frcm July through Novenber 1983 and from
April through June 1984 and seasonal |y the rest of the year.  Nets
were set two nights in each area during the seasonal nefting.  The
seasonal floating net sanple size (14 double floaters) wll allow
us to identify a significant difference in the catch of westslope
cutthroat of 20 percent at the 95 percent confidence |evels. he
sinking net sanple size (10 sets) wll enable us to ascertain
significant differences in bull trout and nountain whitefish
<|:atc|hes of greater than 30 percent at the 80 percent confidence
evel .

Al fish were removed from the nets, identified to species,
with length (mj and weight (g) recorded for each fish.  Sex and
state of sexual mturity (ripe, spent, mature, immture) were
recorded for game fish. ~ Scale sanples were taken from all game
fish and representative nunbers from nongane fish.  Qoliths were
(iggllected from westslope cutthroat trout beginning in Deceré&r,

Horizontal gill nets were effective in sanpling for all fish
species when they were distributed in inshore areas, except for
pygny whitefish and sculpins (Cottus sp). GIlI net data was
anal i/]zed using catch persingle net night by species. A Wlcoxon
mat ched-pairs signed-ranks test wll be used to determne if a
significant difference exists between inner versus outer floating
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gill nets within each double floating set (Daniel 1978). W will
transform the net catch data to logrithmc nunbers in order to
normalize it. This will enable us to use normal statistics so that

we can sinulataneously evaluate differences between areas, seasons
and vyears. Correlation and regression analyses wll be used to

relate environmental and food abundance variables to fish
distribution and abundance.

Vertical G111 Nets

Eight vertical gill nets were set in Cctober and Novenber,
1983 in two banks of four at permanent buoys in the Enery and
Mirray areas (Figure 1).  Vertical net series were done in My,
June and July, 1984 in all three areas of the reservoir at the
permanent stations. Nets were set in the evening and retrieved the
next norning using the nethods described by Horak and Tanner
(1964) . The vertical nets used were 3.7 mw de and 45.6 m deep.
Depths were narked in 1.0 mincrenents. Each bank of four nets
included nets of nesh size 19, 25, 32, and 38 mm Fish were

renmoved as nets were retrieved and their depth of capture recorded
along with nesh size.

- Al fish were removed from the nets, identified to species
with length recorded for each fish. The data was anal yzed using
catch per single net night by species.

Acoustical Sampling

Hydroaccoustical sanpling was conducted using a Sitex Model
HE 356A recording chart depth sounder. In each area three permanent
transects located near the vertical net buoys were sanpledin
October and November 1983 and My, June and July, 1984.
Accoustical runs were nade during the day and night in conjunction
with the vertical net series.

Pure seine Popul ation  EStimates

A 183 mlong by 9.1 mdeep purse seine conprised of 19 mm nesh
net was used to collect fish in the spring and fall of 1984
Experimental purse seining was done in the spring throughout the
reservoir in order to becone proficient in the use of the seine and
refine the methods required to nake a popul ation estimte.  Thirty
hauls were made inthe Sullivan area and 19 in the Mirray area in
the fall when surface water tenmperature were below 15°C. ~ At these
tenpatures, cutthroat trout are typically concentrated in the upper
6 mof the water colum.

An area density formula was used to estimate population
nunbers from the seine catches in the limetic zone.  The seine
sanples an area of 0.266 ha (0.66 acre). This estimte includes
cutthroat trout in the upper émof the water colum in the [imetic
Zone.
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An estimate O cutthroat in the near zone was determned by
use of a correction factor applied to the plrse seine estimte for
the |imetic zone. Doubl e floating nets were set at five stations
in the nearshore zone in the two areas prior to and after the purse
seine sanpling. A the sane tine, five double floaters were set
offshore of the littoral stations in the limetic zone.  The ratio
of cutthroat caught in the littoral zone versus the |imetic zone
was used to adjust the purse seine estimate. For exanple, if the
catch in littoral nets was 2.2 tines as great as the limetic net
catch, the density estimate for cutthroat in the limetic area
derived from purse seining would be nultiplied by 2.2 to obtain the
littoral estimate.

we used the follrwing estimtor to calculate population
nunbers in the limetic zone (Everhart and Young, 1975):

N=A a Ni
a i=l

where: N = estinmated popul ation
A = nunber of equal sanpling units (a) in |imetic
area

a = the area sanpled by the purse seine = 0.266 ha

- N, =the number of cutthroat in each purse seine haul. The
estinkale variance for this estimtor is:

vV (N) = AZJA = = ‘
a a(a-1)

The estimator for the littoral area is:

N = CF(A) X
where: N = estimated popul ation
CF = correction factor
A = nunber of equal sanpling units (a in littoral

area o .
X = mean catch per haul in limetic area

The standard deviation for the littoral estimate is

s = CF (A2 (VY
where: S = standard deviation o _
VX = variance of the mean catch per haul in |imetic

area
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The estimate will be based on surface area and the assunmptions
associated with this method are:

1. Al the cutthroat are found in the upper 6.0 neters of
the water colum sanpled by the purse seine.  \Wen
surface water tenperatures drop bel ow 15°C, cutthroat are
concentrated in the upper 6 neters of the water colum.
If fish are found below 6.0 meters the estimate would be
negatively biased.

2. The purse seine wll collect all cutthroat in a 0.266 ha
area to a depth of 6.0 neters. Purse seines are
considered to be one of the nost efficient and |east
selective gears to use for sanpling salmonids in [imetic
zones (Hartt 1975). If cutthroat escape the plrse seine,
the estimte woul d be negatively biased.

3. The total surface area of the reservoir is known. We
have area-capacity tables for the reservoir and wll have
digitized maps of the reservoir by area.

4. Cutthroat are distributed wuniformy throughout the
limetic zone in each geographic area, or if their
distribution is not uniform the sanpling distribution is

proportional to the density of fish in different parts of
the reservoir.

El ectrofi shing

Near-shore zones in the Sullivan area were sanpled in the
spring, sumner and fall to determne the wutilization of this
habitat by westslope cutthroat trout juveniles. Sanplin? was done
at night using an electrofishing boat with boom mounted el ectrodes.
Pul sed direct current of approxinmately three anps and 200 volts was

used.  Fish collection was confined to shoreline areas less than 2
neters in depth.

FISH MOVEMENY

puring the study approximtely 6,000 adfluvial cutthroat trout
juveniles and 2,000 adults wll be tagged with numbered dangler
tags and anchor tags, respectively.  These fish will be collected
with downstream traps, electrofishing gear, purse seine and by
angling.  Tag returns wll be provided by anglers, creel census
interviews and fish sanpling activities in the reservoir and tribu-
tary streams.  Tne Program RTRN (Gaham et al. 1980) will be used
to sort and anal yze tish novenent data.
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GAMEFISH GROWTH

Total body length of cutthroat, bull trout and nountain
whitefish collected during the study was neasured to the nearest
mllineter. Body weight was determned to the nearest gram for
fish weighing 500 grams or less and to the nearest 45 grams (0.1
pound) for fish weighing nore than 500 granms.  Scales were taken
from an area just above the lateral line along an inaginary line
drawn between the posterior insertion of the dorsal fin and the
anterior insertion of the anal fin.  Qolith hones were renoved
from cutthroat trout and stored in scale envelopes in a dry state.
Qoliths will be aged by Dr. Ed Brothers from Cornell University to
determ ne seasonal grow h.

Cel lul ose acetate inpressions of scales were examned using
mcrofiche readers. Distances from the focus to annuli were
nmeasured to the nearest mllineter using transparent plastic rules
and recorded directly onto conmputer coding sheets.

Age and growth information will be analyzed using the FIRE 1
conputer program described by Hesse (1977) and the AGEMAT program
devised by MOFWP personnel. Body |ength-scale radius relationships
are nost accurately described using log-log plots constructed from
pool ed sanples of tgibu ary and |ake fish. Condition factors were
calculated as %W(IO }E> where "W equaled weight in granms and “L’
equal ed total fish length in mllineters.

Aging techniques will be validated by the methods described by
Benish and MFalane (1983). Annual = back- cal cul at ed growth
estimtes wll not be conpleted until the final report (1986-87).
This will enable us to pool the growh data from the entire study
to establish the body-scale regression Iine.

ANNUAL MORTAKITY ESTIMATES FOR WESTSLOPE CUTTHROAT TROUT

~ Total annual nortalitly wll be estimated for cutthroat trout
using the annual popul ation estimates calculated from purse seine
data. The formula is:

Ln Nt/No = -zt
Were Ln = natural log .
Nt = nuntoer of estimated age n+l and ol der fishes
at end of year . o
No = nunber of age n and older fish at beginning of
year
-z = nortality rate
t = year

~ Mrtality estimates will be cross checked using a variety of
additional methods including catch curves and nark-recapture data
from Hungry Horse trap operation.
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STATISTICAL ANALYSIS G- HSH  ZOOPLANKTON,  BENTHCE AND  SURFACE
| NSECT DATA

Nurmerical catch values of target fish species in gill nets,
zoopl ankt on, benthos and surface insect «collection wll be
transforned for analyses (Myhew, 1977):

Yijk = |Og (xijk + 1)

where: Y-ijE transformed value of Xijk
Xjjk = nunerical catch in the ¥ sampling period, at
the 3£ area, in the ofh year.

Transformation will be necessary to achieve uniform variance
anong the residuals and elimnate zero catches that occasionally
occur. Examnation of probability plotting on prelimnary data
adjusted to normal variates was nearly a straight line indicating
normality is a reasonable assunption.

Sources of variation in target fish, zooplankton, benthos, and
surface macroinvertebrate abundance will be determned by factorial
anal ysis of variance in a random effects nodel corresponding to the
| east squares function:

Xisk =Uu+Y; +8s + A + (¥YS) 44 + (YA ik

ijk i ] 13

t (S 4kt Ejyk
i

wher e: jk = expected catch
u = overall nean catch
Y; = random effects of the it y_y
sj- = random effects of the 3th Season
Ak = random effects of the k& area
(s) ij I (A1ikr (SA) 5k = first order interactions
i[k = residual error.

Significant differences between years would indicate total
maxi mun drawdown affected abundance. Differences between seasons
and areas mean different seasonal use of sanpled habitats and woul d
i nply seasonal operation may affect abundance.

- (One-way analysis of variance wll also be used to look for
differences anmong years, seasons oOr areas.
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RESULTS AND DISCUSSION
TRIBUTARY HABITAT AND FISH POPULATIONS
Habi tat Surveys

During the 1983-84 field season, streamsurveys were conpleted
on 52 tributaries to Hungry Horse Reservoir which included 84
reaches and 229 kmof stream ~ Seven reaches remain to be surveyed;
they include one reach in Deep Creek, one reach in Soldier Creek
and five reaches in the Graves Creek Drainage.

The 1983 and 1984 stream survey results are listed in Appendix
A2 and A3. The drainage areas in Appendi x A2 and A3 are given for
the major streans only and include the drainage areas of their
subordinate tributaries. Stream habitat considered useful to
adfluvial cutthroat or bull trout in Hungry Horse tributaries have
gradients less than 10.0 percent. Platts (1979) found that high
cutthroat densities were associated with stream gradients between
6.0 and 8.0 percent. Furthernore, MacPhee (1966) suggested that
cutthroat densities increased at 4.0 percent gradient and
attributed this increase to interspecific conpetition between
cutthroat and brook trout at gradients under 4.0 percent. Since
brook trout are not found in the Hungry Horse drainage, Cutthroat
and bull trout utilize stream reaches Under 4.0 percent gradient.
At the gradients greater than 13 percent Leathe and Enk (in prep)
found relatively high densities of resident cutthroat. However,
streamsurveys on Hungry Horse Reservoir tributaries indicated that
gradients greater than 10.0 percent were associated with small
cascading first-Order Streans with barriers to adfluvial cutthroat
and bull trout mgration.

East-side Tributaries

Drai nage areas on the, east-side of Hungry Horse Reservoir
ranged from 3.7 to 52.8 km%. Anounts of spawning gravel ranged
from8.0 nmfin Muirray Creek o 786.7 min the Hungry Horse Creek
Drainge. A total of 1,929 me<of spawning gravel was found in the
east-side tributaries. CQulverts blocked access to 325 m2of
SEavmi ng gravel to mgrating cutthroat trout during part or all of
the spawning period.

Stream gradients ranged from 1.3 to 47.5 percent. There was a
total of 134.4 km of stream with gradients less than 10.0 percent;
52.7 kmwere inaccessible to adfluvial cutthroat and bull trout due
to culverts and natural barriers. In addition, 10.9 km of stream
were considered too small to support an adfluvial fish population.
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Vst -side Trebutaries

Drainage .areas on the west-side of the reservoir ranged fro
0.9 to 15.6 km2, Amount of spawming gravel varied between 14.1 n
inBattery Creek £01,146.S mrin the Sullivan Oreek Drainage. A
total of 3,482.8 of spawning gravel was found in the west-side
tributaries downstreamfrom culverts and natural barriers.

Stream gradients ranged from 1.1 to 32.2 percent. There was a
total of 135.7 km of stream with gradients less than 10.0 percent:
42.5 km were unavailable to adfluvial cutthroat and bull trout due
to culverts and natural barriers. In addition, 88 km were
considered too small to support an adfluvial fish population.

Initial analysis of the stream habitat survey data indicates
that spawning and rearing habitat in tributaries to the reservoir
I's not sufficrent to produce the nunber of westslope cutthroat
trout inhabiting the reservoir. Probably a significant part of the
west sl ope cutthroat recruitnent comes fromtributaries of the South
Fork River. An evaluation should be nade of the relative
contribution which South Fork tributaries make to the cutthroat
trout recruitment to the reservoir.

Cul vert Eval uations

Passage at 12 culverts located in tributary streans on the
main road around the reservoir was evaluated during the cutthroat
trout spawning run, June 5 - July 13, 1984. Cutthroat trout
passage at four of the culverts was good throughout the spawni ng
run, five culverts had passage problens at higher flows and at
three culverts upstream novement was not possible during the
spawning period (Table 3). Passage problems at nost culverts were
due primarily to water velocities greater than 6-7 ft/sec. at the
higher flows. Metsker (1971) noted that the water velocity through
a culvert should be no greater than six feet per second to insure
passage for al 5 inch trout. Paint, Riverside, Felix and O ayton
Creeks also had junps of greater than three vertical feet at the
cul vert entrance which nade entrance into the culvert extremely
difficult at high flows (Evans et al. 1972).

The relationship between flow and fish passage needs to be
better defined for Harris, Mlnernie, Mirray, Logan and Riverside
Creeks in order to determne the magnitude of fish passage del ay
problem  Flow and velocity readings should be taken weekly during
the cutthroat spawning season in 1985, In addition, spawning and
rearing habitat data above all problem culverts should be analyzed
in order to determne the amount of habitat that is not available
for cutthroat trout spawning and rearing.
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Table 3. Evaluation of westslope cutthroat trout passage at culverts in 12 tributary streans to
Hungry Horse Reservoir. Measurenents were taken fromJune 5 - July 13, 1984 during the
c#tthroat trout spawning run. The cul verts were located on the main access road around
the reservoir.

Culverf
Vertical Pod Yalocity Fi sh

stream Length (ft) Wdth (ft) junp (ft) depth (ft) upper end lower end Flow (CFS) passage

C ayton - 8.0 3.0 5.0 5.0-6.0 7.9-10.0 27-80 No

Clark — 3.0 none none 1.7-4.4 0.6-2.8 5-29 Yes

Fel i x - - 3.0 none > 00 6.0>10 62-65 No

Forest — 5.0 none none 5.0-6.8 1.7-4.9 20-58 Yes

Harris — 5.0 1.0 2.0 2.1-6.4 3.5-6.0 7-25 Marginal at
Fflows >20 cfs

Margaret 70 4.0 1.0 2.5 4.0-4.2 5.0-5.8 20-45 Yes

Mlnerrie 89 5.0 1.0 2.3 3.3-7.9 5.0-7.9 2.0-22 Marginal at
flows >15 CfS

Mirray 77 4.0 none none 3.2-7.8 3.7-9.7 6-21 Marginal at
flows >I5 C'S

Logan, N.Fk. — — 0.7 3.0 8.0>10.0 2.7-6.5 19-54 Marginal at
flows >20-25 cfs

Logan S.Fk. - 5.0 none none 5.4-5.8 3.0-3.6 17-22 Yes

Faint — 4.5 8.0 1.5 5.6 6.7 10.5 No

Ri versi de 95 10.0 3.0 4.0 5.2>10.0 2.5>10.0 13-72 No at flons

>30 CfS




Popul ation Estimates

El ectrofishing population estimates were nade in 1983 for
west sl ope cutthroat trout in seven streans and for bull trout in
three streams. Data from these estimates indicated that cutthroat
and bull trout densities in the Hungry Horse Reservoir tributaries
were conparable to other headwater streans in the Flathead drainage
(May and MeMul lin 1984).

W plan to nmake estimates in the 8 reaches of Hungry Horse
Creek during 1985 This will enable us to establish the relation-
ship between standing crops of juvenile cutthroat trout and the
nunber that emgrate fromthe stream This relationship can be
used to help estimate potential yield of cutthroat trout from other
inportant cutthroat spawning and rearing tributaries. Additional
popul ation estimates will be made in other inportant cutthroat
realr!ng streans to relate standing crops of cutthroat wth habitat
quality.

Fi sh Trapping

Atotal of 1,617 juvenile and 224 adult westslope cutthroat
trout were caught in downstream traps operated in five tributaries
of Hungry Horse Reservoir in 1984 (Table 4). The nunber of
cutthroat trout caught in each stream represents only part of the
total juvenile emgration due to fish emgrating prior to and after
trap installation and removal. In addition, trap efficiencies were
considerably less than 100 percent. Traps were installed later in
west side tributaries because stream flows remained high until md-
July.

Hungry Horse Creek

Spawni ng Run
- The upstream trap was operated from My 3 to July 11. The
first adult cutthroat was collected on May 23 and the |ast spawner
was captured on July 5. The peak of the upstream movement took
place from June 5 through June 15 (Figure 3). Spent SEavvners began

moving downstream in late June and nost fish had mgrated
downstream by the end of July.

A total of 201 cutthroat spawners were caught in the upstream
trap as conpared to 184 in the downstream trap. The estimated run
was 389 cutthroat which was narkedly less than the 1,160 and 590
fish recorded for the 1968 and 1972 runs, respectively (Table 5).
There has been a declining trend in the spawning run from21968 to
1984. The reduction in nunbers of fish spawning in Hungry Horse
Creek from 1968-1971 was attributed to poor reservoir survival of
both juvenile and adult cutthroat (Huston 1973). He noted that the
| ow survival was probably related to increased reservoir drawdown
from 1965-1971 and a change in the operational schedule to an
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Table 4. The catch of adult and juvenile westslope cutthroat trout in downstream traps fished in tributaries to
Hungry Horse Reservoir, 1984.

Juveni | es Adul t

Peri od angarr]rgean a%n%gan

Trap Days length OF length O
stream Qper at ed Qperated catch (m June July Aug. Total catch (mj June July Aug. Total
Clark 07/11-07/30 20 117<1525205 - 64 - 641  — - - - =
Emery 06/26-08/03 37 92<142>215 53 355 1 409 311<360>395 6 18 - 24
For est 07/11-08/ 14 33 118<170>258 - 143 7 150(8  350<385>405 - 10 - 10
Hungry Horse 06/30-08/09 40 52<143>225 10 904 57 971 285<366>422 - 162 1 183
Quintonkon 07/13-07/30 17 104<164>208 ~ — 23— 23(6)  341<3755410 _ 7 - 7

63 1, 489 65 1,617(17) 26 197 1 224

a/ Juvenile bull trout caught in parentheses.
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Figure 3. Upstreamand downstreamtrap catches of westsl ope
cutthroat trout in Hungry Horse Creek by five day
periods, 1984.
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Table 5. Estimated number of spawners, sex ratio and nean |ength
of westslope cutthroat trout spawning runs into Hungry
Horse Creek.  The 95% confidence limts is given in
parentheses as the percent of the point estinate.

Esti mat ed Sex ratio Mean lenath (mm)

Year run Mal e : Fenmale Male Female
1968 1160 1.0 : 3.7 373 368
1969 1050 (3.7 1.0 : 5.3 368 371
1970 1001 EB.J 1.0 . 5.6 358 361
1971 702 (3.2) 1.0 . 6.2 350 358
1972 590 (3.6) 1.0 . 4.0 371 358
1984 388(13. 8) 1.0 4.4 375 370
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earlier drawdown in the fall. The reasons for the reduction in the
run between 1972-1984 are not known. The maxi num drawdown from
1976- 1982 averaged 66 ft which is simlar to the 1955-64 mean of
64 ft, however, the advent of the drawdown in the fall was still
earlier than prior to 1965. The nortality of ta?ged juvenile and
adult cutthroat trout mgrating to the reservoir from Hungry Horse
Creek and returning to spawn wll be determned during this study.
Annual nortality rates wll be correlated with reservoir operation

to ascertain if there is a relationship between nortality and
operation.

The mean length of males and females in the run varied little
from 1968 to 1984. Males in 1968 averaged 373 mmin length as
conpared to 375 in thel984 run. Mean length of fenales was 368
and 370 mmin 1968 and 1984, respectively.

Juvenile Em gration

The downstreamtrap in Hiungry Horse creek was operated from
June 30 through August 9, 1984. Stream flows were too high prior
to June 30 to allow operation of the trap. The outnigration of
juvenile cutthroat peaked during July when 904 juveniles were
collected (Table 4 and Figure 3). The catch declined markedly in
August and the trap was renoved on August 9th. A total of 971
cutthroat trout juveniles were caught during the period of trap
operation. The trap catch in 1984 represented only a part of the
juvenile emgration, because juvenile cutthroat nove downstream
prior to and after the trap operation period and the trap
efficiency is probably only about 50-60 percent.

The catch of 971 juvenile cutthroat in 1984 was approxi mately
half of the catch from 1968-71 which ranged from 1,950-2, 110
(Huston 1970, 1973). The period of trap operation was simlar
among the years so the difference in catch between 1984 and the
1968- 71 Peri od probably represents a significant decline in the
nunber of juvenile cutthroat trout emgrating fromHungry Horse
Creek. Part of the decline is due to the removal of 1,150
cutthroat trout juveniles by electrofishing in 1983 and 1984
(Huston in prep). These fish were used to replace the westsl ope
cutthroat trout brood stock at Mirray Springs Fish Hatchery which
has genetic problems. The renmoval of the 1,150 fish probably
represents a reduction in the 1984 trap catch of less .than 200
fish, assuming a trap efficiency of approximately 50 percent. In
addition, nost of the 670 fish renoved in 1983 woul d have emm -
grated to the reservoir that year and the fish holding over to 1984
woul d have incurred approximately a 50-70 percent nortality. Like-
wise not all the fish removed in 1984 would have enm grated in
1984. Qther factors which may have influenced the reduced em gra-
tion of lhuveniles are inadequate escapement to seed rearing
habitat, habitat degradation in the watershed from|ogging and
associated road building and natural population fluctuations.
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The juvenile mgrants averaged 143 mmin length and ranged
from52 to 225 mm There was little difference in the nean |engths
of fish caught in June, July and August (Appendix Bl and B2).

Qperation of the downstreamtrap in 1985 will be changed in
order to obtain a more reliable estimate of the total nunber of
outmagrant juveniles. The trap will be installed as soon as water
flows permt and operated through Cctober. Trap efficiency wll be
estimated for each two week period by ﬁl acing marked fish caught in
the downstreamtrap upstream fromthe trap and determning the
nunber recaptured by size class.

Clark Creek

Cark Creek is a small westside tributary which enters the
reservoir upstream from Sullivan Creek (Figure 1). A downstream
trag was operated in Clark Creek fromJuly 11 to July 30, 1984
(Table 4 and Figure 4. Atotal of 64 westslope cutthroat trout
{uveniles were captured in the trap. The fish ranged in total
ength from 117 to 205 nmw th an average of 152 nm (Appendix B3).

Emery creek

Enery Creek is located on the eastside of the reservoir
(Figure 1), and is an inmportant spawning and rearing stream for
west sl ope cutthroat trout. A downstreamfish trap was operated
from June 26 through August 3 (Table 4 and Figure 4). A total of
409 cutthroat trout juveniles were caught inthe trap during the
period. The mean and range lengths were simlar to that recorded
in Hungry Horse Creek (Appendix B4). In addition to the juveniles,
24 spent adult cutthroat trout were trapped.

Forest Creek

Forest Creek is a medium sized stream |ocated on the westside
of the reservoir (Figure 1). This is the first time that a
downstream trap has been operated and it agge_ars to have a
substantial run of cutthroat. Approximtely 150 juvenile and 10
spent adult cutthroat trout were caught from July 11 to August 14
(Table 4 and Figure 4). The nmean length of 170 mmfor juvenile
cutthroat was larger than those recorded for juveniles in the other
streanms trappad (Appendix B3).

Quintonkon Creek

Qui ntonkon Creek is a major tributary to Sullivan Creek on
the westside of the reservoir (Figure 1). Only 23 juvenile and seven
adult cutthroat were caught in the downstreamtrap (Table 4 and
Figure 4). Quintonkon has a much larger emmgration of juvenile
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cutthroat trout than indicated by the trap catch in 1984. The |ow
catch was due to poor trap efficiency and late installation.
Quintonkon is a difficult streamto trap efficiently due to its
| arge size.

RESERVOIR HABITAT

The reservoir habitat for fish food organisnms and fish is
influenced by reservoir operation. The annual drawdown and refill
cycl e causes |arge changes in surface area, water vol une, depth,
shoreline development and in lake-filling and hydraulic-residence
tims. The anmount of littoral area varies with reservoir elevation
along with volume of water in the euphotic zone, volume of water in
preferred tenperature ranges for zooplankton and fish growh, and
area of reservoir bottom dewatered. The thermal structure of
reservoirs is influenced by the large seasonal inflow and outflow
vol unes (\Wods 1982).

Reservoir volune and surface area decrease rapidly as
reservoir elevation declines (Figure 5. [Inflection points on the
surface area curves for the three geographic areas of the reservoir
occur at approximately elevation 3,480 where extensive |ittoral
areas are dewatered, especially in the upper part of the reservoir
(Figure 6 and Appendix C). These littoral areas provide good
habi tat for benthic macroinvertebrates and cutthroat trout when
they are flooded. Reduction in volume is largest from elevations
3,560 -3,480 where 45 percent of the storage capacity is contained.

Shoreline length declines from elevation 3,560-3, 540,
increases from 3,540-3,520 then declines steadily with further
reduction in reservoir elevation. The increase in shoreline length
bet ween el evation 3,540 - 3,520 is due to an unusual increase in
the meander pattern of the shoreline between these elevations.

The |ake-filling and hydraulic-residence times for Hungry
Horse are high when conpared to Lake Koocanusa. The annual |ake-
filling times for Lake Koocanusa varied between 0.14 to 0.66 year
(Wods 1982) as conpared to 2.51 to 3.12 years for Hungry Horse
Reservoir (Table 6). The lake-filling and hydraulic-residence
times for the first two years of the Hungry Horse study were
conparatively high because of below normal inflows to the
reservoir. It appears that reservoir operation has |ess effect
upon the thermal structure of Hungry Horse Reservoir than Lake
Koocanusa.  This is primarily due to the fact that in Hungry Horse
the usabl e storage capacity of 2,982,000 acre feet is higher than
the mean annual discharge of 2,386,000 acre feet.

Hydraul i c-resi dence times appear to have an inportant
influence on zooplankton production (Mayhew 1977). He found that
hydraul i c-residence tines of below one year were associated wth
reduced zooplankton popul ations. Increased flushing rates resulted
in cooler water tenperatures and the density of zooplankton
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Tabl e 6. Mnthly lake-filling and hydraulic-residence times for Iow (1973) median (1980) and high (1974) water years in
Hungry Horse Resevoir and for 1983 and 1984.

Cunul ative
Month Annual Maxi mum di scharge

Year Jan.  Feb. M. Apr. My  June July Aug.  Sept. Oct.  Nov.  Dec. Mean  drawdown (ft) (AF)

i11ing Time (
1973 3.02 575 297 1.26 0.33 0.47 205 529 7.28 524 1.65 2.13 3.12 63 1.871, 000
1974 112 2,37 162 0.38 0.22 016 064 3.03 531 6.5 420 453 2.51 111 3,574, 000
1980 554 547 3.99 0.5 0.30 059 1.86 4.47 3.79 543 3.08 1.40 3.04 69 2,351, 0C0
1983 3.87 4.8 2.41 1.05 0.35 0.47 0.97 3.67 540 427 2.57 4.55 2.87 45 2,872,300
1984 1.98 3.50 231 0.73 0.37 034 134 4.60 461 3.89 3.58 4 38 2.64 68 2,202,900
Jralic Resid Tize ( )

1973 0.62 0.57 1.94 1.53 4.14 26.21 1.14 0.87 7.23 0.89 1.54 4.18 4.24
1974 0.74 0.54 0.36 0.21 0.82 1.47 0.87 2.15 1.15 0.70 0.47 0.57 0.84
1980 3.92  6.31 11.99 16.81 14.37 1.03 211 2,19 1.18 1.89 1.25 0.72 5.31
1983 1.15 0.88 1.03 0.54 0.87 4.92 1.08 2.58 0.80 0.79 373 0.71 1.59
1984 1,02 059 077 1.92 1.24 350 899 1.38 1.03 127 222 0.80 2.06




decreased in a linear fashion. Annual hydraulic-residence tinmes in
Hungry Horse Reservoir are general |y above one except in high water
years. However, the nonthly residence times vary considerably and
were bel ow one during six nmonths in 1983 and three months in 1984.

Maps of the reservoir bottom are in the process of being
digitized. Upon conmpletion we will be able to use the GEOSCAN
program to determne water surface area, water volune, dewatered
reservoir bottom area and available shoreline length in each
geographic area by ten foot contour intervals. The area of the
littoral zone will also be determned usi nP depth of euphotic zone
and criteria discussed previously. Volunes of water in the
euphotic zone and in preferred tenperature ranges for zooplankton
and cutthroat trout growth will also be estimated.

There appears to be little rel ationship between westslope
cutthroat trout densities in shoreline areas and substrate and
cover types (see Electrofishing Section). Distribution of cut-
throat in Lake Koocanusa was determned to a large degree by
tenperature and food availability (MMIllin 1979). Neill and
Magnuson (1974) found that percid fishes partitioned tinme between
an environment with preferred tenperature and an environnment with
food, but either warner or cooler than preferred tenperature. The
fish made forays for food into water with extreme tenperatures, but
feeding behavior did not override thernoregulatory behavior. This
type of behavior pattern appears to be regulating the distribution
of cutthroat trout and other fish species in Hungry Horse
Reservoir. Trout in lentic environnents are forced to actively
seek food concentrations. Consequently there is no positive energy
benefits accrued from occupying and defending a feeding station as
there is in lotic habitats where nost food occurs in the form of
insect drift in water current. Bachman (1984) found that trout in

streams use discrete energg-.savi ng foraging sites year after year
and feed mainly on insect drift.

PHYSI CAL LI MNOLOGY

Water Temperature

Water tenperatures in Hungry Horse Reservoir ranged from QC°C
to 23.0°C in 1983 and 1984 with maxi num tenperatures occurring from
late July to md-August (Figures 7, 8 and 9). Ice formation
eneral [y begins in the upper part of the reservoir in late

cenber and the entire reservoir is usually ice-covered by md-
January. lce-out usually occurs sonetime during the last two weeks
of April. Tnermal stratification occurred about md-June 1984 and
continued through to approxi mately the end of Septenmber (Figures 7,
8, and 9). The reservoir was then isothermal from about m d-
November to m d- May.

Seasonal wat er %ual ity profiles fromthe Mirray area are shown
i n Appendi x C2-C6. pecific conductivity, pH and dissolved oxygen
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profiles exhibited little variation from the surface down to the
50-70 mdepths during the spring and fall when the reservoir was
not stratified. Dissolved oxygen concentration in the summer
profile ranged from 8.2 ng/liter near the surface to 9.8 ng/liter
at 70 m Specific conductivity and pH val ues were higher in the
epilimion than in the hypolimion.

Vst sl ope cutthroat trout vertical and horizontal distribution
iIs controlled to alarge degree by water tenperature. _Cutthroat
trout prefer water tenperatures from approximately 10-169C (H ckman
and Ral ei gh 1982). The preferred tenperature range of cutthroat
trout is shown in Figures 7, 8, and 9. The tenperature isopleths
indicate that there 1s nore surface water in the 10-16°C range
during the spring and fall than in the sunmer and winter.

D ssol ved xygen

Di ssol ved oxygen concentrations in the upper 30-50 mof the
wat er colum have generally ranged from 8-10 ng/liter (Appendix C9-
Cl_SR. These concentrations are adequate to sustain healthy aquatic
life and are above the mninmumrequired to support fish life.
Davis (1975) stated that freshwater salmonids will not exhibit
effects of |ow oxygen when concentrations are above 7.8 ng/liter
and tenperatures <15°C. H ckman and Raleigh (1982) noted that
opti mal oxygen levels for cutthroat trout are not well docunented,
but appear to be >7 ny/liter at tenperatures £15°C. This
information indicates that dissolved oxygen levels in Hungry Horse
Reservoir are within the tolerance limts of the fish conmunity
(ijlnhabibting the reservoir and should have little inpact on fish
i stribution.

p

The pH values tend to increase during periods of high
photosynthetic activity and decrease during periods of high
respiration. The pH values in Hingry Horse reservoir range from
about 7.4 to 89 with the values in the 7.8 to 8.5 range nost
comon (Appendi x Cl4-Cl18). These values are within the range
recormended by the EPA Red Book (Thurston et al. 1972) for
protection of aquatic |ife. Mkee and wolf (1963) stated that it
is generally recogni zed that the best waters for the support of
diversified aquatic life are those with pB values between 7 and 8.
Mbst cutthroat trout poplations can probably tolerate a pH range of
5.0 to 9.5 with an optimal range of 6.5-8-O (H ckman and Ral ei gh
1982). Sekulich (1974) reported that pHin three reservoirs con-
taining cutthroat trout ranged from 7.8-8.5 Thus, it appears that
pH values in Hungry Horse are within the optinum range for aquatic
life in general and cutthroat trout in particular.
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Speci fic Conduct ance

The determination of conductivity is a quick nethod for
measuring the ion concentration of water. Specific conductance
measurenents in Hungry Horse Reservoir ranged between 110-150
umhos/cm (Appndi x C19-C23). Mkee and Wlf (1963) reported that
studies of inland waters indicated that specific conductance of
wat ers supporting a good fnixed fish fauna ranged in general,
bet ween 150-500 unmhos' cni™t, The specific conductivity values in

Hunlgry Horse Reservoir were on the lower end of the productivity
scal e.

Euphotic Zone

The depth of the euphotic zone in Hungry Horse Reservoir
during 1984 ranged from5.2 - 20.0 meters (Figure 10). There is
consi derable variation seasonally and among the geographic areas of
the reservoir. Several environmental factors contribute to the
wide variability in euphotic zone depths. The reflectivity of
light by the water surface is dependent upon the solar height from
the zenith, the greater the departure of the angle of the sun from
the perpendicular, the greater the reflection (Wtzel 1975). Thus
the euphotic zone will vary daily and seasonally due to changes in
the amount of incident light reflected at the water surface. The
%oporu on of light reflected is also influenced by wave action.

pid attenuation of light transmssion is caused by dense
popul ations of algae and bacteria which vary seasonally.
Simlarly, sediment input during spring run-off reduces
transmssion particularly in the upper part of the reservoir in the
Sul l'ivan area.

Euphotic zone depths in Hungry Horse Reservoir tended to be
deeper than recorded in Lake Koocanusa where the values ranged from
one to 18 m (Wods and Falter 1982). The greater euphotic zone
depths in Hungry Horse appear to be due primarily to |ower sedinent
input and transport and phytoplankton standing crops.

FISH FOOD AVAILABILITY
Zooplankton
Abundance and Composition

Three groups of cladocecans and copepods donminated the
crustacean zooplankton community in Hungry Horse Reservoir for the
period July, 1983 to June, 1984 (Table 7). Cyclops was the nost
abundant zoopl ankter found during the period and their average
nunbers were highest in the Gaves Bay area (6.9/liter). Diaptonus
densities followed with a high of 2.0/liter in the Emery area with
their densities generally consistent throughout the reservoir.

la was the nost abundant cladoceran with an average of about
1.2/1iter for the entire reservoir with simlar densities anong
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Table 7. Mean density (No-171) and range of density (in
parentheses) ~of the principal adult crustacean zoopl ank-

ton in O30 mWsconsin tows collected biweekl

fromfive

stations on Hungry Horse Reservoir from July-Decenber
1983 and April-June 1984,  Epischura and Leptodora

densities are No*m - and were calculated through
December 1983.
Enery Mirray — Sullivan  Enery Bay Gaves Bay
d adocera
Daphni a 1.3 1.2 1.2 1.2 1.4
(0.3-3.6) (0,2-3.8) (0.01-2.9) (0.2-6.2) (0,4-3.1)
Bosmina 0.4 0.6 1.2 0.8 2.7
(0.02-1.5) (0.1-1.5) (0.02-5,2) (0.01-2.6) (0.2-6.5)
0.5 0.1 0.1 * *
Leptodora (0.0-4.2) (0.0-4.7) (0.0-0.57)
Copepada
D apt onus 2.0 1.4 1.3 1.3 1.5
(0.03-9.0) (0.06-4.0) (0.1-8.2) (0.03-4.7) (0.2-5.0)
Cycl ops 2.9 3.1 4,2 3.2 6.9
(0.3-6.7) (1.0-6.6) (0.1-9.4) (0.3-6.2) (1.6-17.3)
Epischura 6.2 8.6 9.1 ' *
(0.0-25.7) (0.5-22.7) (1.7-35.4)

* Collected but not counted.
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areas. Bosmna densities generally averaged about |.Qliter except
for the Gaves Bay area which was about three times higher.
Epi schura and Leptodora numbers were |ow in Hungry Horse Reservoir
and averaged less than 10.0 and 0.5 /meter , respectively, at the
three permanent stations during 1983. Densities of zoopl ankton
col l ected at seven stations in Flathead Lake from June through
Decenmber, 1980 were simlar to those found at five stations In
Hungry Horse Reservoir during the sanple period for Daphnia,
Bosmna and Epischura (Leathe 1982). D aptonus and Leptodora were
about three and fifteen tines |ess abundant, respectively, whereas

cyclops densities were about four tines greater in Hungry Horse
Reservoi r.

In general, the mean nunbers of zooplankton did not vary
greatly between stations in Hungry Horse Reservoir (Appendix D)
Leathe (1982) found no significant interstation differences in the
density of the four principal crustacean zooplankton species

(Daphnia thorata, Epischura, Leptodora and Diaptonus) utilized by
plantivorous gamefish in Flathead Lake.

Lengths and Weights

was the Iar?est organi sm found in plankton sanples
and can attain lengths of up to 18 nm (Edmondson 1966). This
cl adoceran is predatory on other zoopl ankton while Daphnia and
Bosm na are filter feeding herbivores. Daphnia were generally |ess
than 2.0 mmin length and up to 350 ug in weight while Bosmina were
less than 0.6 nmin |length and wei ghed | ess than 40 ug (Table §).
The largest copepod found in Hungry Horse Reservoir was Epischura
which is predatory on smaller zooplankton species. |t was up to
about 2.0 mmin length and weighed up to about 420 ug. The copepod
Diaptomus is a filter feeding herbivore while Cyclops is classified
as an omivore. Largest lengths of both groups were just over
1.0 mmand they weighed up to about 75 ug.

Daphni a and Epischura were the only two groups of zooplankters
longer "than 1.5 nm  Qur data shows that juvenile and adult
cutthroat trout selectively feed on zooplankters greater than this
m ninum [ength (see below). Epischura longer than 1.5 mm conprised
73 percent of the catch conpared to 19 percent over 1.5 nm for
Daphnia (Table 8). The latter made up the vast mjority of
zoopl ankt on avail abl e over this m ni numsize because they were
about 1,500 tines nore abundant in 30 m Wsconsin tows (Table 7).

Seasonal Abundance and Conposition

In the Emery and Mirray areas zooplankton densities decreased
fromabout 7/1iter from Julg/ to August and then fluctuated between
5 and 10/liter during 1983 (Figures 11 & 12). Densities were
increasing by late spring 1984. In contrast, zooplankton densities
inthe Sullivan area increased froma [ow of about 4 to II/liter
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Table 8. Percent of total catch, mean length (mm) and dry weight (ug) by length group for the principal crustacean zoopl ankton groups in
Hungry Horse Reservoir collected nonthly fromJuly through Decenber 1983.

LENGTH GROUP
0.00-0.49 0.50-0.99 1.00-1.49 1.50-1 99 2.00-2.49
Percent  Mean man  Percent  Mean mean Percent  Mean Man  percent  Mean Mean  Percent  Mean Mean
G oup Catch  Length Weight catch Length Weight Catch Length Weight catch Length Wight Catch Length Wi ght
O adocer ans
Daphni a 0.7 0.45 4.4 33.7 0.80 22.8 46.7 1.18 69.3 16.9 1.72 201.3 2.1 2.09 349.4
Bosm na 98.9 0.37 9.2 1.1 0.57 39.8 -- 0.00 - -- 0. 00 -- 0.00 --
Copepods
Diaptomus 23.6 0.44 9.6 66.5 0.73 33.6 7.0 1.04 77.4 — 0.00 — - 0.00 - -
- 31.0 0.42 8.0 66.5 0.68 28.3 2.5 1.03 74.9 — 0.00 - 0.00

Epjsgchara 1.6 0.90 54.7 25.6 1.13 94.5 64.4 1.72 257.4 8.4 2.09  414.0
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for Cctober, decreased to 6/liter by Novenmber 1st and then
increased to almost 20/liter by md-Decenber (Figure 13). Nunbers
remained |ow and fluctuated between 1 and 4/1iter during the spring
of 1984.

In all three areas Daphnia conposition decreased through the
sumrer of 1983 from a high of 50 to 70 percent of the catch down to
4 to 20 percent in the fall and wi nter. Daphnia conposition was
increasing during the spring and early sunmmer of 1984.

Copepods dominated the zooplankton comunity of Hungry Horse
Reservoir conprising an average of 73 percent of the catch for the
three areas during the sanpling period. Cenerally, Wen Gyclops
concentrations were high D aptonus was low and vice versa In all
three areas. Gyclops representation was simlar in the three areas
and conprised the bulk of the copepods collected in 1983 with
numbers peaking in Septenber and decreasing through the end of the
year. Cyclops representation was less than 30 percent during 1984
in the Emery and Murray areas while up to 70 percent in the
Sullivan area. Diaptomus conposition was also simlar in the three
areas during 1983 with nunbers remaining |ow through the summer and
increasing through the remainder of 1983. diaptonus conprised the
bul k of the population in the Enmery and Murray areas during the
spring of 1984. They made up to 76 and 52 percent of the
popul ation, respectively, and up to 40 percent in the Sullivan
area. Basmina conposition was | ow throughout the sanple period
with highest concentrations (20 percent of the comunity) occurrlng?
during the fall of 1983 and were al most non-existent during My o
1984,

Wsconsin Net Efficiency

The reliability of our plankton sanpling nmethod was determ ned
b)é conparing results obtained using the Wsconsin tow net with
those obtained using a Schindler plexiglass plankton trap. The
latter sanpler was considered to be one of the nost efficient
zoopl ankt on sanpling devices (Schindler 1969; Prepas and Rigler
19785): however, the exclusive use of this sanpler on Hungry Horse
Reservoir was inpractical for the purpose of this study because of

the large anmount of tine required to obtain representative sanples
of the entire water colum.

The Wsconsin tow net was less efficient at collecting
zoopl ankt on conpared to the Schindler trap (Table 9). In general
the higher the estimated density for the Schindler trap the |ower
the estimate for the Wsconsin tow and vice versa. A so, these
efficiencies varied greatly and ranged from 19 percent for Bosm na
to 166 percent for Diaptomus. The reason or reasons for these
highly variable under-estimates with the Wsconsin tow are unclear.
Mesh net size should have been small enough to capture all
z_ooEI ankters in these size ranges. A possible cause is that wth
hi gh densities the zooplankton nay be plugging the mesh which woul d
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Table 9. Percent sanpling efficiency of 30 neter Wscor51

n tow as

conpared to the Schindler plankton trap ( the

trap are in parentheses) for zoopl ankton col [ ected

monthly at the Emery station from August-Decenber 1983

and May-June 1984.

zoopl ankt on_G oup

Dat e Daphni a Bosm na D apt onus Cycl ops Mean
08/ 18/ 83 36 (3.9 25 (0.6) 44 (1.1) 51 (5.9) 39 (2.9)
09/ 13/ 83 47 (1.6) 24 (1.2) 45 (2.0) 30 (14.7) 36 (4.9
10/ 12/ 83 34 (3.1) 23 (5.4) 43 (3.1) 49 (12.6) 37 (6.1)
11/ 15/ 83 26 (4.4) 19 (4.0 45 (3.3) 34 (10.7) 31 (5.6)
12/ 12/ 83 73 (1.1 31 (1.2 79 (L.3) 89 (3.5 68 (1.8)
05/14/84 99 (0.7) ' 166 (1.1) 92 (0.7) 19 (0.9)
06/12/84 61 (4.7) ' 128 (4.5) 72 (1.4 87 (3.5)
Mean 54 (2.8) 25 (2.5) 78 (2.3) 60 (7.1)

* Sanple size too small to make reliable estimte.
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create a backwash and therefore not collect all zooplankton in the
water colum. Hgh concentrations of algae would also contribute
to this problem ~Another possible reason is the smaller the size
and hi gher the density of zooplankton the greater the Iikelihood
that the net would plug. This is a plausible explaination because
Wsconsin tow efficiencies for Bosmna (the smallest zocplankters)
were |owest and averaged 25 percent conpared to 78 percent for
Diaptomus (Table 9). Leathe (1982) obtained simlar results for
zoopl ankt on groups sanpled in Fl athead | ake except that Bosm na
efficiencies were about twice that found in this study. For this
report the two different sanpling methods were not conpared. In
the future, nonthly correction factors will be calculated by

zoopl ankter group so that true density estinmates can be made and
conpar ed.

Vertical Distribution

The Schindler trap was also used to determne the seasonal
depth distribution of Zzooplankton in Hungry Horse Reservoir. For
this report, sumrer and fall sanples were analyzed from the three
permanent stations. Cenerally, the major concentration of all
zoopl ankters was above the euphotic zone although dramatic
fluctuations occurred at certain depths &Fi gures 14-16). A'so, 30
mtows didn't sanple the entire zoopl ankton popul ation. Leathe
(1982) found up to about 50 percent of zooplankton comunity in 60
to 30 mtows. Diaptonus and Cyclops conprised an average of 95
percent of the population in these deep water tows. During August
Daphnia densities were lowest in the Sullivan area, but increased
to about twice that of the other two areas in Novenber. These high
Novenber densities may be partly due to the conparatively shallow
depth in the Sullivan area which concentrates the zoopl ankters.
The maxi mum depth at full pool is 35 neters and in November it was
only 28 meters. For our purposes, however, 30 mtows should be
sufficient to describe the zooplankton conmmunity available to cut-
throat trout. Qur data (see below) and the findings of McMillin
(19792] show that cutthroat trout were found near the surface nost
of the year except in sunmer when surface tenperatures exceeded
170c at which time they concentrated in the netalimion.

Daphnia

Since we found that cutthroat trout select almost exclusively
for Daphnia when feeding on zoopl ankton (see bel ow) we fol | owed
this group nore closely than the other crustaceans. Daphnia
densities were highest during July for the Emery and Mirray areas
peaking at about 6.0/liter for the Emery (Transect 7) and Emery Bay
areas (Figure 17) and at about 3.5/liter for the Mirray area
(Figure 18). After md August nunbers declined rapidly and
fluctuated around |.0/liter through December 1983 for the Emery and
Mirray areas. Nunbers appeared to be increasing in the spring of
1984. " In the Sullivan area nunbers decreased froma high of 2.5
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and 1.5/liter and fluctuated around 1.0 and 0.5/liter for Transect
6 and G aves Bay, respectively in a pattern simlar to the Enery
and Murray areas (Figure 19). In the fall of 1983, nunbers
increased rapidly and peaked at about 4 and 3 per liter for
Transect 6 and the Graves Bay areas, respectively. ldunbars appeared
to be increasing by late June 1984. Although Daphi na nunbers
fluctuated throughout the period in the different areas the nean
densities were simlar and ranged from1.2 for the Sullivan area

Hrilg)sect 6) to L1.3/liter for the Emery area (Transect 7) (Figures

Surface Insects

Terrestrial and aquatic insects were captured in surface
insect tows on Hungry Horse Reservoir. In decreasing order
I-IKnenopterans, Col eopterans, Honopterans and Hem pterans conprised
the bulk of the terrestrial insects captured. Aquatic insects were
represented alnost entirely by Dipterans.

Agquatic insect densities on the reservoir increased during
August and Septenber, peaked in COctober at about 145
i nsects/hectare for the offshore station and declined sharply to
less than 10 insects/hectare in Novenber 1983 (Figure 20). During
April through November 1984 aquatic insect densities fluctuated in
a bimodal fashion. Nunmbers were lowin April, peaked in May at
about 150 per hectare, decreased through June and July, then
increased again to My levels during Septenber and Cctober.

Densities declined dramatically in Novenber when no insects were
capt ured.

Terrestrial insect densities increased dramatically from
appr oxi rrateIP/ 25 insects/hectare during August to about
5,400 hectare for the nearshore area in Septenber. Nunbers dropped
just as quickly in October and terrestrial insects were alnmost gone
on surface waters by Novenber 1983 (Figure 21). During 1984
nunbers began to increase in the spring, decreased somewhat in
Jul'y, increased in August and peaked in Septenber at about 3,600
insects/hectare, declined in Cctober and were alnmost non existent
by Novenber.

True densities of terrestrial insects were probably not
accurately represented during Septenber 1983. During this
collection period a total of 19,508 insects per hectare were
collected both near and offshore for the three areas conbined and
16,063 (96 percentz] of these were captured in the Emery area alone
(Appndix D2). These insects consisted alnost entirely of flyi nﬂ
ants. W felt that the Enery sanple was conducted during a hatc
of flying ants which was not occurring at the sane tine in the
other areas and therefore highly inflated the average for that
month. Simlar situations apparently occurred during August and
Septenber of 1984 where a preponderance of flying ants in one area
or station greatly inflated the nmean although sanpling was
increased fromtwo to three transects in July of 1984 (Appendix
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03). This information does, however, show that terrestrial insects
are patchilﬁ distributed primarily tenporally and secondarily
spatially throughout the reservoir. Hymenopterans appear to be
available in | ow nunbers during most of the fall and at sone point
a mgjor hatch occurs within a short period creating a spike in
their densities. This type of pattern makes themdifficult to
sanple effectively.

Near shore versus O fshore

Differences between near and offshore sanpling stations were
difficult to interpret especially for terrestrial insects. In sone
nonths one exceeded the other by a wide nmargin and were simlar in
other nonths (Figure 20 & 21). COverall, the nean densities for
nearshore terrestrial insects during 1983 were about five tines
greater than offshore (Table 10) but was probably due to the hatch
of flying ants sanpled in the Enery area that was nentioned above.
During 1984, however, near and offshore terrestrial insect
densities were simlar. For aquatic insects, near and offshore
densities were simlar to each other in 1983 and 1984.

Area differences

Terrestrial insects appeared to be nuch nore abundant in the
Enery area versus the Mirray or Sullivan area in 1983 and 1984.
Once again this may be due to the patchy distribution or perhaps
sonme type of preferred terrestrial habitat for these ants in the
Enery area. re research is required to determine if there are
any real differences in flying ant distribution within and between
areas. Aquatic insects appearedtobe fairly evenly distributed
within areas.

Benthos

When benthic sanpling began in August of 1983 a Petite Ponar
dredge was used. W found it to be too small and light weight to
col l ect benthos sanples on Hungry Horse Reservoir. In Cctober 1983
we began utilizing a larger, heavier Peterson dredge and were able
to collect usable substrate sanples. It should be noted that only
the silt/sand types of substrate could be sanpled and not the
| arger gravels and cobble. Therefore, these benthic sanmples are
biased towards organisns that occupy these types of habitats.
Also, it took a great deal of trial and error to find the specific
areas where sanples could be collected. Therefore, sanpling data

for 1983 was inconplete. During 1984 representative sanples were
col lected from each strata.

The benthic community of Hungry Horse Reservoir was conprised
primarily of Dipteran |arvae (68 percent) and oligochaetes (25
percent) for 1983 and 1984 conbined (Appendix D4 & D5). In all
three areas during 1984 Dipteran and Oigochaete densities were |ow
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Table 10. The average vyearly density (No ha~1) for terrestria
and aquatic insects collected near and offshore for the
Enery, Mirray and Sullivan areas of Hungry Horse
Reservoir during 1983 and 1984

Area
Year _Station Emery Murray Sul livan Mean
Terrestrial Insects
Near shor e 4,034 157 35 1,409
1983  (Offshore 675 75 65 272
Combined 4,709 232 100 1,681
Near shor e 1,278 203 315 599
1984 O fshore 961 180 183 441
Combined 2,239 383 498 1,040
Aquatic | nsects
Near shor e 68 43 40 50
1983  Ofshore 33 112 63 69
Gonbi ned 101 155 103 119
Near shor e 56 64 08 73
1984 O fshore 38 68 86 64
Combined 94 132 184 137

64



in June, had increased to the seasonal high by August and had
decreased by November. Surface insect tow data indicated that most
aquatic insects (which were primarily dipterans) had emerged by the
end of Cctober 1984 (Figure 20).

Dipteran and Oigochaete densities (Figure 22) were lowest in
the strata dewatered above recommended drawdown (0-26 m). This
condition is typical for reservoirs that are drawn down annually
and is in direct contrast to natural Qigotrophic |akes where the
littoral zone is the nost productive benthic area (Wetzel 1975).
Dipteran densities remained high for both the strata from
recommended drawdown to maxi mum drawdown on record (26-39 my and
the strata bel ow maxi mum drawdown on record (39 m). This was
probably due to the fact that significant drawdown into these
deeper strata had not occurred since 1978 (Figure 2) and therefore
had been recolonized. Qigochaete densities were |owest above
recommended drawdown, highest fromrecomended to maxi mum dr awdown
but dropped off considerably bel ow maxi mum dr awdown on record
(Figure 22). The reasons for the different vertical distributions
of these two groups are unknown but may be due to different [life
histories and habits, seasonal differences, recolonization,
energence tines and adaptability to reservoir drawdown.

FOOD HABITS
\\ést sl ope cutthroat Trout

A total of 806 fish stomachs were collected during 1983-84
(Appendix El). The contents of 316 stomachs collected in 1983 have
been analyzed and data from 119 westslope cutthroat trout stomachs
are presented in this report (Table 11). Analysis of the stomachs
was done separately for each season and further segregated by total
length of the fish. Cutthroat <300 mmin length were classified as
juveniles, whereas fish >300 mm were designated as adults. Data
fromthe Emery, Mirray and Sullivan areas were pooled since little
variation in diet occurred among the areas (Appendix E2).

The food habits of juvenile cutthroat trout varied consider-
ably from season to season (Figure 23). Aquatic Dipteran conprised
76 percent of diet by weight in the summer followed by insect
parts, Hymenopterans, Honopterans, and other. The fall diet con-
sisted almost entirely of Hynmenopterans, which conprised 92 ﬁercent
of the food ingested. The juvenile cutthroat switch to Daphnia in
the winter when terrestrial insects and aquatic Dipteran were no
| onger available. The weight of Daphnia in stomachs during the
wi nter was nuch | ess than recorded for insects in the summer and
fall. The |ow biomass of Daphina in the winter stomachs is at
| east partly due to a tendency of the fish caught in gill nets to
regurgitate the Daphnia nore readily than other food itens.

_ Adult westslope cutthroat trout had a diet simlar to
juveniles, except that Hymenopterans conprised nost of the food
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Table 11. Summary data for cutthroat trout stomachs collected from

Hungry Horse Reservoir during 1983.

Mean Wt.
Mean Veéi ght  of
Nunber of Nunber of Fi sh stomach
st omachs Per cent st omachs Length  Range  contents
Mont h col [ ected Enpty  Anlayzed (nm) (nmg (ar)
Cutthroat < 300 mm
August 13 0.0 13 201  166-258 0.40
Sept enber 34 0.0 29 246 183-300 4.77
November 17 23.5 13 264 180-300 0.03
Qutthroat > 300 nm
August 4 0.0 4 374  355-404 11.20
Sept enber 31 0.0 28 345  303-494 14.30
Nover ber 20 15.0 17 339  302-380 0.04
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ingested in the summer rather than aquatic Dipterans (Figure 24).
Hynmenopt erans constituted 95 percent of the diet in the fall, while
Caphni a conprised 94 percent in the winter. The biomass of Daphnia
in the stomachs of adults, like juveniles, was low in the winter.

Cutthroat trout juveniles and adults selected intensively for
the larger Daphnia (Table 12). Daphnia over 2.0 mm in size com-
prised only 3.3 percent of the population during November and
Decenber in Hun(};]ry Horse Reservoir, yet they conprised between 30-
85 percent of the Daphnia ingested by cutthroat trout during the
period. The nean |ength of Daphnia consuned by cutthroat ranged
from1.82 to 2.08 mmas conpared to a mean length of 2.08 mm for
Daphnia in the largest length group collected in Wsconsin tow
sanples (Table 8). Koening ?1983) found that rainbow trout
Zlel elg:ted Daphnia over 1.5 mmin length in two lakes in southeast

aska.

The food habits of westslope cutthroat trout in lakes and
reservoirs vary considerably, probably in response to the abundance
and types of food available and species conposition of the fish
population.  \Westslope cutthroat trout in Flathead Lake fed
primarily upon terrestrial insects (Leathe and Gaham 1982),
whereas Daphnia was the most inportant food item for cutthroat in
Lake Koccanusa followed by terrestrial insects and aquatic diptera
(MMl Tin 1979).

FISH ABUNDANCE AND DISTRIBUTION
Horizontal G Il Nets
Factors Influencing G| Net Catches

Stationary gear such as gill nets are dependent on fish move-
ment to effect capture. The number of fish caught is dependent to
a large degree on their density and activity. Factors affecting
activity include water tenperature, water transparency, feeding
patterns and spawning novements. Wter tenperature is generally
the single most inportant variable influencing fish activity
through its re?ul ation of fish netabolism and spawning movenents.
The density of fish populations is determned by fish numbers,
habitat preferences and water volume. Thus, reservoir elevation
affects fish densities through its inpacts on fish habitat and
wat er volume.

Estimation of fish abundance by the relative index method
requires that gill net sanpli n? be done at simlar |ocations and
tines each year. It is especially critical that water tenperatures
and reservoir elevation be standardized. Wth this sanmpling
design, the conplex interrelation of factors influencing catch are
mnimzed and catch loer unit of effort is proportional to relative
speci es abundance. ndexes derived from catch-effort data can be
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Table 12. Length group frequencies and nean length (mm) of Daphnia from Wsconsin tow sanples
and consuned west sl ope cutthroat trout in Hungry Horse Reservoir in Novenber and
Decenber, Juvenile cutthroat are <300 mm in total length and adults are
>300 mm.

Enery Area Murry Area Sullivan Area _ )
Juveniles Adults Juveniles Adults Juveniles Adults Wsconsin Tow
Length group
Percent in length Goup

16-1.99m 0 ------ 5.0 4.0 4.0 ---- 4.0 46.8 (1-17#

1.5-1.99 mm 30.0 65.0 20.0 20.0 15.0 20.0 20.0 (1.74)

2.0-2.49 mm 70.0 30.0 76.0 76.0 85.0 76.0 3.3 (2.08)
Mean |ength (mm) 1.94 1.90 2.02 2.08 1.88 1.82 -
95% confi dence inveral .32 +0.43  10.56 +0.33 +0.22  +0.34 -

@/Mean length in nm



used to determine year to year changes in population size species
conposition and other vital statistics (\Walburg 1969).

Catch Conposition

Atotal of 4,932 fish were captured in 472 floating and 125
sinking gill nets in 1983 and 1984. The floating gill net catch
was domnated by westslope cutthroat trout and northern squawfish
whi ch conprised 42.5 and 43.4 percent of the catch, respectively
(Table 13). Mountain whitefish, northern squawfish, suckers and
bull trout together conprised 98.3 percent of the sinking net
catch. In addition to the species listed in Table 13, seven
yel | owstone cutthroat, three rainbow trout, one grayling and one
pigmy whitefish were captured in the gill nets. The species
conposition of the sinking nets was conparable to that recorded in
Hungry Horse in 1974 (Huston 1975).

The catch by net type indicates that cutthroat trout inhabit
surface water when they are distributed in the littoral zone. In
contrast, mountain whitefish, suckers and bull trout are closely
associated with the reservoir bottom in the littoral zone.
Northern squawfi sh appear to be dispersed throughout the water
colunm in the nearshore habitat.

Viéat sl ope Qutthroat Trout

The catch of westslope cutthroat trout in floating gill nets
varied considerably with the month and season of the year (Figures
25 and 26). In general, catches were highest in the spring, |owest
in the summer and internediate in the fall, rangi n? froma maxi mum
of 4.8 fish per net in April to a mninmum of 0.2 in August
(Appendix Fl). \ater tenperature and reservoir elevation dif-
ferences among the sanpling dates and pre-spawning movenents
account for nost of the sanpling variability (Table 14). Shoreline
floating net catches in Flathead Lake varied seasonally from0.2
cutthroat per net in the summer to 3.3 per net in the spring
éLe_at he and Graham 1982). Cutthroat catches in Lake Koocanusa
Iurlngst)he fall ranged between 1.2 to 2.5 fish per net (Huston et
al. 1984).

The catch of westslope cutthroat trout varied among the Enery,
Mirray and Sul I'ivan areas, although the differences were not as
large as the seasonal variations in catch. The mean seasonal catch
of cutthroat in 1983 and 1984 ranged from0.7 fish per net in the
Mirray area to 2.1 per net in the Sullivan area (Appendix F3 and
Figure 27). Floating net catches were generally highest in the
Sullivan area and lowest in the Enmery and Mirray areas. Catch
rates were especiall)( high in the Sullivan area in April 1984
(Appendix Fl) when adult cutthroat trout stage in this area prior
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Tabl e 13. Percent conposition by species and net type for gill net

catches from Hungry Horse Reservoir

in 1983 and 1984.

number of fish collected is in parentheses
| Percent  of kCatch |
Fl oating. Si nki ng Tota
Speci es Abbrevi ation Nets &/ Nets &/ catch
west sl ope
cutthroat weT 42.5 (792) 1.7 (52) 17.1 (844)
Bull trout DV 4.9 (91 12.6 (387) 9.7 (478)
Mount ai n
whi t efish MAF 7.0 (130) 37.9(1,164)  26.2 (1,294)
Nort hern
squawf i sh NSQ 43.4 (806) 22.8 (702) 30.6 (1,508)
Largescal e
sucker CsuU 1.9 (35 9.4 (289 6.6 (324)
Longnose
sucker LnSu 0.3 (5 15.6 (479) 9.8 (484)
TOTAL CATCH 1,859 3,073 4,932

=74 Represents

catch in 472 floating gill nets

b/ Represents catch in 125 sinking gill nets
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Tabl e 14. Reservoir elevations, surface water tenperatures and water transparency
1983 and 1984.

for gill net sanpling dates in Hungry Horse Reservoir,

Surface wat er

Dept h

Reservoi r temperature (°C) m

Dat e elevation (ft) Emery Murray Sullivan Enery Mirray  Sullivan
1983
7/ 26- 28 3, 560 16.6 17.8 17.2 — - - -
8/ 23- 25 3, 560 20.6 20.6 20.0 18.3 19.1 18.9
9/ 27-29 3, 549- 3, 547 14.7 14.8 13.9 26.0 18.5 20.5
10/ 31-11/ 2 3,534 8.6 8.4 8.0 23.0 16.5 19.3
11/29, 30 3,536 7.1 6.5 — 20.5 14.0 -
12/ 14- 16 3,534 4.3 20.3 16.5 19.1
1984
4/ 24-27 3,500 4.2 5.6 5.7 15.1 10.3 5.2
5/ 30- 31 3519- 23 10.5 9.9 8.6 14.5 13.0 5.8
6/ 26- 6/ 28 3549- 51 17.0 19:6 18. 4 17.8 14.3 8.3
8/13-8/ 22 3557-59 20.0 21.0 20.0 18.3 16.7 16:3
10/11-10/ 15 3541- 40 — 12.6 12.1 17.8 19.6 14.6
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to nmoving into tributaries to spawn. Inportant spawning streans
are located in the upper part of the reservoir and in the South
Fork River upstream from the pool area.

The monthly catch of westslope cutthroat trout and northern
squawfish in floating gill nets indicate a considerable degree of
tenporal and spatial separation between the two species. Cutthroat
trout catches were high in the spring from April through June and
in the fall from late September through Novenmber (Figure 26). In
contrast northern squawfish catches were highest durin? the sumer
period from late June to late September. This difference in
seasonal catch between the two species was primarily a result of
dissimlar tenperature Freferences. cutthroat trout are a cold
wat er species which prefer water tenperatures between 10-16°C
(H ckman and Ral ei gh 1982). Dwyer and Kraner (1975) noted that
cutthroat trout scope of activity is highest at [5°C. Wen water
tenperatures in the upper part of the water colum are above 17°C
cutthroat trout move into deeper offshore waters. On the other
hand, squawfish prefer warmer water tenperatures, becomng nore
active and inhabiting the littoral zone when water tenperatures are
about 12-159C, Sguawfish becone less active and nove into deeper
offshore waters in the fall and wi nter when water tenperatures
decline (Scott and Crossman, 1973). This habitat separation be-
tween the two species reduces potential conpetition for food and
space and limits predation on juvenile cutthroat by northern squaw
fish. Indeed, initial analysis of squawfish stomachs indicated
that juvenile cutthroat were sel dom eaten

The length frequency distribution of cutthroat trout from the
1983 floating gill net catch is given in A? endix . The nedian
length of cutthroat is only 272 mmin the Sullivan area as conpared
to 316 mmin the Mirray area. The higher proportion of juvenile
fish in the Sullivan area is probably due to its proximty to a
conparatively large nunber of spawning and rearing tributaries.

- The cutthroat trout catch in gill nets in 1983 consisted
primarily of age two, three and four fish (Table 15). Age two fish
conprised 29.6 percent of the catch as conpared to only 12 percent
for Flathead Lake in 1981 (Leathe and Gaham 1982). Mgration
class two and three fish conprised 90.5 percent of the catch. A
simlar mgration class structure was found for cutthroat trout

from Flathead Lake (Leathe, 1982) and Hungry Horse Reservoir
(Huston, 1972).

Bul | Trout

Bull trout catches in sinking nets varied nonthly and
seasonal ly (Figure 25 and 28) in a pattern simlar to cutfhroat
trout. The catch was highest in the spring, intermediate in the
fall and lowest in the sumer. The nean catch of 5.3 bull trout
per net in the spr|n% was conparable to those obtained in Hungry
Horse Reservoir in the early 1970's (Huston, 1972, 1974 and 1975).
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Table 15. The percent age and m gration class conposition of 189
westsl ope cutthroat trout collected in gill nets fished
in Hungry Horse Reservoir in 1983.

Percent age rrigration class

Age conposition of catch conmposition of catch
1 - - 2.6
2 29. 6 49. 2
3 38.1 41.3
4 23.8 6.9
5 6.9 Tttt
6 1.6 -
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The Hungry Horse catch rates are higher than those recorded in Lake
Koocanusa (Huston et al., 1984) and Flathead Lake (Leathe, 1982).

There was little difference in catch among the three areas of
the reservoir (Figure 27). The highest catch of 8.0 fish per net
was recorded in April inthe Sullivan area with 7.0 and 6.5 fish
i)er net collected in May in the Mirray and Enery areas, respactive-
y (Appendix F2). Bull trout appeared to be most active during the
spring when surface water tenperatures were increasing.

The bull trout caught in 1983 ranged in total length from 179
to 735 mm (Appendix @&@). The catch in the Sullivan area was
conprised more of juveniles than in the other two areas. This is
probably due to the numerous spawning and rearing tributaries
entering the upper end of the reservoir and in the South Fork of
the Flathead River above the pool area.

Mount ai n Whi tefish

Muntain whitefish domnated the catch in sinking nets com
prising 37.9 percent of the total fish caught. The catch of white-
fish varied seasonally in a pattern conparable to the cutthroat and
bull trout catch. The catch was highest in the fall (22.3 fish per
net) and spring with the lowest catch of 1.3 fish per net recorded
in the sunmer (Figure 25). The high catch rate in the fall was a
result of a decline in water tenperatures to bel ow 120C which
triggeyed spawning novenents of whitefish. The 1984 fall catch of
22.3 fish per net about twi ce that of the catch of 10.0 fish per
net in the fall, 1983. The higher catch in 1984 was ﬁrobably due
to the netting series occurrin durin%the peak of the whitefish
spawni ng novenents.  Mountain whitefish appear to have tenperature
and depth preferences which are simlar to bull trout (Figure 28).
This results in bull trout and whitefish inhabiting the sane areas

nuch of the time and accounts for whitefish being an inportant food
itemin the diet of bull trout.

The catch of mountain whitefish varied among the reservoir
geographic areas with higher nunbers of fish caught in the Sullivan
and Murray areas than in the Enery area (Figure 27). The medi an
I ength of the fish collected in gill nets in 1983 ranged from 291
mmin the Enery area to 302 mmin the Sullivan area (Appendix ).

Northern Squawfish

Northern squawfi sh constituted a major part of the catch in
both sinking and floating gill nets (Table 13). The catch of
squawf i sh was hi ghest in the summer and | owest in the spring and
fall (Figure 25).  As noted previously, squawfish inhabit the
deeper offshore waters when surface water tenperatures are bel ow
approxi mtely 10-12°c, Squawfish catches were higher in 1984 than
In 1983. Surface water tenperatures during the fall sanpling in
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1984 were approximately 4°C higher than in 1983 (Table 14) and

these differences were an inportant factor influencing the catch
rates.

The catch of northern squawfish appeared to be higher in the
Enery and Miurray areas than in the Sullivan area (Figure 27). The
apFarent | ower nunbers of squawfish in the Sullivan area may be
related to poor spawning habitat. Northern squawfish in |akes
spawn over clean talus and gravel areas (Patten and Rodman 1969).
Eggs are dernersal and adhesive, attaching thenselves to the sub-
strate. A layer of silt deposited by the South Fork of the
Fl at head River covers most of the rubble and gravel areas in the
Sullivan area, reducing their suitability as spawning habitat for
squawf i sh.

Nor t her n s% awfish caught in gill nets in 1983 ranged in total
| ength from 110-525 nm (Appendi x 54). The median |ength varied
from 185 mmin the Sullivan area to 198 mmin the Mirray area.

Suckers

Suckers are benthic oriented species that are cau%ht primarily
in bottom net sets in the summer (Figure 25). The highest catch of
18.5 I ongnose suckers per net occurred in the Enery area in July,
1983 whereas the largescal e sucker |argest catch of 6.3 fish per
net took place in the Mirray area in Au?ust, 1983. Overall, there
was little difference in nmean catches of suckers among the three
areas, except the catch of |ongnose suckers was higher in the Emer%/
area than in the Mirray and Sullivan areas (Figure 27). Lengt

frequency diagrams for the two species from the 1983 net data are
shown in Appendix G and G.

Vertical GII Net and Acoustical Results

The catch of fish in vertical gill nets was very low Only 11
west sl ope cutthroat trout and 5 bull trout were caught in 88
vertical gill net sets (Tablel6). Few fish were recorded in the
acoustical transects ich were run in conjunction with the
vertical nets. The paucity of data collected by these two nethods
resulted in this part of the study being discontinued. Depth
distribution of fish will be determned from catches in floating
and sinking gill nets, the purse seine and literature. Depth
distribution in |akes and reservoirs is prinarily controlled by
water tenmperatures. This relationship between water tenperature
and vertical fish distribution has been well docunented for
west sl oEe cutthroat in Lake Koocanusa (MMillin 1979) and Fl athead
Lake (Leathe 1982). \Weéstslope cutthroat trout prefer water
tenperatures less than 17 or 18 C. They nove into deeper and
cooler waters when surface water tenperatures approach [8°C in the
sunmer. When water tenmperatures are below 159 cutthroat are
concentrated in the upper 7-10 neters of the water colum,.
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Tabl e 16.

Sunmary of vertical net catches in the Enery, Mirray and
Sullivan areas of Hungry Horse Reservoir, Cctober and
November 1983 and My, June, July 1984.

Nunfoer Number of fish caught
of Westslope Bull  Muntain Northern largescale Longnose
Area nets cutthroat trout whitefish squawfish suckers suckers
Enery 36 4 2 28 1
Murray 36 3 1 5
Sullivan 16 4 2 1 1
Tot al 88 11 5 34 2
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Additional data on depth distribution of cutthroat trout is being
collected in the Lake Koocanusa Study (Shepard 1984).

El ectrofi shing

Shoreline habitat in the Sullivan area was sanpled seasonally
with electrofishing gear to assess fish densities. \éstslope
cutthroat trout catches of 4.6 - 10.0 fish per hour were highest in
the spring when surface water tenperatures were about 8.5 C (Table
17). No cutthroat were collected in July when surface tenperatures
were around 19.4°C indicating they had moved into deeper and cool er
offshore waters. Surface water tenperatures in Septenber declined
to 16.1°C and a few cutthroat trout were caught in the shoreline
zone. Cutthroat trout were caught in various habitats along the
shoreline, but appeared to show a preference in the spring for the
flat areas with gravel silt substrate and large numbers of stunps.
The use of these areas in the spring may be food related.

Mountain whitefish juveniles and suckers were the nost
abundant fish found in the nearshore zone. Sucker densities were
highest in the summer, while nountain whitefish nunbers peaked in
May and September when up to 39.4 fish per hour were caught.
Conparatively few northern squawfish and bull trout were captured
from the shoreline habitat.

Purse Seine Popul ation Estinates

Cutthroat trout populations were sanpled in My and Septenber,
1984 using the purse seine technique. The catch in both periods
was |ow ranging froma nean of 0.4 to 0.6 cutthroat per haul in the
Sullivan area (Table 18). In addition, nineteen purse seine hauls
were nmade in the Mirray area during the fall of 1984 and no
cutthroat were caught. Nne of these hauls were made after sunset.
It appears that purse seining should be concentrated in the
Sullivan area where cutthroat densities are higher and water depths
less than in the Mirray and Emery areas.

Popul ation estimates were calculated for westslope cutthroat
trout fromthe purse seine catches inthe Sullivan area. An esti-
matedl, 774 cutthroat (0.6 fish per acre) inhabited the |imetic
zone in May and 5,429 (0.9 fish per acre) in Septenber (Table 18).
The 95 percent confidence limts for the spring and fall estimtes
were +83 and +144 percent of the point estimtes, respectively.
The estimate for the littoral zone in Septenber was corrected for
the differences in cutthroat densities between the |immetic and
littoral zones (Table 19). A correction factor was not available
for the spring estimate. The spring estimate in the littoral zone
was 0.6 cutthroat per acre as conpared to 1.5 per acre in the fall.
The conbined littoral and limetic estinmates were 0.6 and 1.2
cutthroat per acre in May and Septenber, respectively.

84



<8

Table 17. Electrofishing catch fromshoreline habitat in Sullivan area of Hungry Horse Reservoir, 1984,

Surface wat er

Hurs  Tenperature Cutthroat Trout Bul | Trout Muntain Witefish Northern
Date  fished (C%) Adults Juveniles Adults Juveniles Adults Juveniles Squawfish Suckers
512 1.6 6.9 2.5 3.1 0.6 1.9 4.4 39.4 1.3 10.7
5/9 2.0 8.2 8.0 2.0 1.0 - - 6.5 10.0 - 25.0
5/10 2.6 8.4 2.1 1.9 - - - 3.1 1.9 - - 20. 4
7117 2.1 19.4 - - - - - - - - 0.8 - - d
7118 1.5 19.4 - - - - - 18.5 3.1 108.5
9/11 1.8 16.1 1.1 - - - - 2.2 29.4 - - d
9/12 2.2 16.1 0.5 0.5 - 0.5 3.6 26. 4 - &/

8/ Suckers not collected but they were nunerous inthe littoral habitat
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Tabl e 18. Popul ation estinmates for westslope cutthroat trout cal cul ated from purse seine catches in the
Sul'livan area of Hungry Horse Reservoir, My and September 1984,

Number Mean Surface
Reservoi r of purse cat ch Surface area area. Limetic . Littoral _ Total Number
Elev. (ft) seine hauls per haul limetic (acres) littoral  estimte estimite estimte
My Estimte
3,500 19 0.4 3,178 2,721 1,774(+83)& 1,521(+362) 3,295(+197) O . 6
Septembe! Estimte
3,545 30 0.6 5,972 3,227 5,429+(144) 4,781(+786) 10,210(+376) 1.2

a/ The 95% confidence linits are in parentheses as percent of the pint estimte

per acre



Table 19. Mean catch of westslope cutthroat trout in floating
experimental gill nets set in the littoral and limetic
zones of the Murray and Sullivan areas, Hungry Horse
Reservoir, 1984.

Nnber Catch of CQutthroat Trout Ratio of
Dat e Net s Littoral Li metic limetic:littoral

Murray Area

09/ 21/ 84 10 29 22 1.0:1.4
10/ 11/ 84 6 3 4, 1.0:0.8
Sullivan Area

09/ 19/ 84 10 44 27 1.0:1.6
10/ 12/ 84 4 13 3 1.0:4.3
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The large confidence limts associated with |imetic and
littoral estimates indicate that a larger sanple is needed to
obtain reliable estimtes. Increasing the number of hauls to 60 in
the Sullivan area shoul d reduce the confidence limts markedly.
The sanple series in the sroring shoul d take place as soon as access
to the reservoir is possible, which will be sometime in md-April.
At this time cutthroat densities are high and the adult cutthroat
are staging prior to their spawning runs into tributary streans.

FISH MOVEMENT PATTERNS

Vst sl ope Cutthroat Trout

Most juvenile and adult westslope cutthroat trout were
collected and tagged when emigrating fromtributary streams. A
total of 3,957 juveniles and 426 adults were tagged in 1983 and
1984 (Table 20). Angler returns accounted for 40 of the 58 tags
recaptured followed by 10 and 8 returns fromfish trap and gill net
cat ches, resEectiver. Thirty of the tag returns were from
juvenile fish as compared to 28 for adult fish. Movenent
information was obtained fromonly 0.8 percent of the juvenile fish
and 6.7 percent of the adult fish tagged.

Tagged fish were caught throughout the reservoir during 1983-
1984 (Figure 29). Approximately 71 percent of the tagged fish were
cau%ht wthin 5 kmof the tagging location with 36 percent of these
fish recaptured near the nouth of the streamin which they were
tagged. Most of the latter fish were caught by anglers in the
sumrer soon after they were tagged and before they had a chance to
mgrate into the reservoir. Three fish or 50 percent of the tags
returned moved up-reservoir distances greater than 50 kmwth 49.9
km the maximum Approxi mately 24.0 percent of the returns showed
down-reservoir novenment of between 50 - 52.3 km Huston et al.
(1984) found that most wed&slope cutthroat trout in bake Koocanusa
exhi bited downstream novement patterns.

Movenent of cutthroat trout in Hungry Horse Reservoir is
influenced by location of spawning and nursery tributaries and
reservoir drawdown. Most of the inportant spawning tributaries are
| ocated in the upper part of the reservoir. Spent adults and
Luvemle cutthroat tagged near the mouth of these tributaries would
ave a tendency to move down-reservoir during the drawdown period
when the upper part of the reservoir becomes dewatered. A reverse
movement occurs in the spring during the spawning period when
adults move up-reservoir to spawn in tributary streans. There are
few tag returns from the upper part of the reservoir in the spring
probably due to low angling pressure.
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Tabl e 20. Nunber of juvenile and spent adult westslope cutthroat trout (WT) tagged in Hungry Horse Reservoir and its
tributaries in June, July, August and Septenber of 1983 and 1984.

Number of juvenile Nunier of adul t
VI Tagged WCT Taqged
June July August Total Gand June Jul August Sept Grand
83 B4 83 84 83 B84 Sﬂ._t._83084 83 84 Total 83 84 83y84 . % 84 8% 84 T%t3az|34 Tot al

dark — (=2 19 (64) 2{——) 47(9) 68 (64) 132 —{—) —(==) -(-I -{—) —{—) —
Enery 257(23) 191(246) — (1)} 72(1} 520(270) 790 3 (6 —{18) =-—(=) “{==) 3 (24) 27
For est —({--) —(153) — (7} —(-} -(160) 160 —(— —10 —{=) —{=) = (10} 10
Hungry Horse 71 (9) 89(523) -— (56) 48(-) 208(588) 796 21(20) 10 (159) —(1) -{—)  31(180) 211
Logan, N. F. 68(-) 38(--) — (=) —{-) 106(—) 106  12(—) H—) —(2) -(~-) 13{—) 13
Logan, S.F. ~—(—) 4(---) =={=—) (=) () 4 —=(=) =) —() -(—) ~(=) —
Mlnerrie 99(—) 34(--) —{—) 35(-} 168(—-) 168 5(—) 20— —(=) == H—y 7
Mirray 22(--) —(—) —(—) —=) 22(—) 22 8(—) —{——) —(=) =(==} 8(—) 8
Qui nt onkon —={—) —= {76} —(140) 11(-) 11(216) 227 —(=} - (12} —(2) ={-) - (14) 14
Sotted Bear R ~—(—) — @1 —(—) —(-} — (12) 12 (=)} — (3} —(-) -{--) - 3) 3
Sul livan -—{-=)} 156(169) 338(—) 43{-) 537(169) 706 —{—) 10 (2} 2(~) -(—) 12 (2) 14
Tent 33{(—) 38(--) —{(—) 31{-) 102(—) 102 21(—) 1{—) —1{(-) ==y 22(—) 22
Tin —{—) 6(—) —(—) —{-) 6(—) 6 —{— —{—} -0 (=) —{=) —
Twin, |ower —(—) 129(—) 237(—) —{-} 366(—) 366 ——(—) 9 (3) 18(- -{—-) 27 (3) 30
Twn, upper —(— 2(—) —(—) —(= 2(—) 2 —{=) , — (=) —{=) =) —=(—) —
upper Reservoir -—{(—) —(—} =—(—)} —(2} -~ (2} 2 —3 —(—)  —(-) -{23) — (57) 57
Wheel er —{—} 7(309) 13(—) —(-) 20(309) 329 —{—) — (10} —(=) -{—-} == (10) 10
Wounded Buck —{—=) —(—} —(—) 27({-) 27(—) 27 -—(=) —(—) —(3) == ()} —

Total 550(32) 713{1552) 590(204) 314(2) 2167(1790)3957 70{60) 33(217) 20(3) ={23) 123(303) 426

&/ 1984 totals in par ent heses

Y These fish were tagged in My
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Figure 29. Map of Hungry Horse Reservoir showing |ocations of
west sl ope cutthroat trout tag returns with the nunber
indicating the streamin which the fish was tagged.
Grcled nunbers are returns from 1983 and squares for 1984,



GAMEFISH GROWTH

Scal es were taken fromall westslope cutthroat and bull trout
and nost mountain whitefish caught in gill nets and purse seine
hauls. Scales were also collected from cutthroat trout collected
in the Hungry Horse and Emery Creek fish traps. Plastic
i npressions of the scales are in the process of being aged. The
data is being entered into the conputer and initial growth
information wll be included in the 1985-86 annual report.

QGoliths were taken fromcutthroat trout collected in gill
nets and will be aged throu?h a contract with Dr. Ed Brothers. He
will able to determne nonthly growth fromthe otoliths which will

us to relate the effects of reservoir operation to monthly and
seasonal growth increnents.

IMPACTS OF RESERVOIR OPERATION
Habi t at

Operation of Hungry Horse Dam has large inpacts upon the
mor phometrics and thernal stability of the reservoir. Annual
drawdown for flood control and power production causes reductions
in surface area, volume, shoreline length, area in littoral zone,
vol ume in euphotic zone and volunes in preferred tenperature strata
for trout. In addition, large outflow volunes reduce hydraulic
residence tines and weaken thermal structure. These changes in
reservoir morphonetrics and thernmal stability translate into a
reduction of habitat for fish food organisms and ganmefish
popul ations. The loss of the productive littoral zones in the
upstream part of the reservoir may be especially detrinental to
f1sh populations.

The GEOSCAN programwi || be used to estimate the changes in
reservoir morphometrics at ten foot contour intervals as well as
vol umes in the euphotic zone and in selected tenperature ranges.

F sh food O gani sns
Benthos

The adverse effects of reservoir drawdown upon benthic
macr oi nvertebrates has been well docurmented in the literature
(Benson and Hudson 1975, Baxter 1977, Fillion 1965 and Kaster and
Jacobi 1978). Paterson and Fernando (1969) noted that
appr oxi rratel¥ 90-95 percent of the Dipteran larvae died after
exposure to freezing conditions in a dewatered reservoir area.
Di pteran standing crops in areas not dewatered by drawdown in
Hungry Horse Reservoir were nuch larger than in the littoral zones
which were annually dessicated and exposed to freezing conditions.
Dipterans are an inportant food item of westslope cutthroat trout
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in the spring and sumrer. Oonsequentlﬁ, | arge drawdowns shoul d
have an adverse inpact upon the growth and condition factors of
cutthroat trout. These inpacts should be especially severe in the

spring when dipterans are the prinmary food source of cutthroat
trout.

Zooplankton

Reservoir operation may have negative inpacts upon zooplankton
popul ations through its influence on the thermal structure of the
reservoir and downstream |osses of zooplankton in reservoir
outflow Wods (1982? found that weak thermal stability caused by
| arge volumes of inflow and outflow currents was a major factor in
limting primary productivity in Lake Koocanusa. Reduced primary
productivity results in lower zooplankton production since
phytopl ankton is the primary food source for the zoopl ankton
comunity. Decreased hydraulic residence times were also found to
| ower productivity and zooplankton densities in M dwest reservoirs
by changing thermal structure (Myhew 1977). Tenperature plays an
inportant role in zooplankton production through its influence on
net abol i sm and egg devel opnent (Bottrell et al. 1976) and filtering
rates (Burns 1969?. Seasonal progression of major zoopl ankton
taxonomc groups in Mssouri River Reservoirs was found to be
dependent on water tenperatures (Martin et al. 1981).

The inpacts of reservoir operation upon zoopl ankton
popul ations in Hungry Horse Reservoir is not known due to the short
period of data collection. Lake filli ng?] and hydraul i ¢ residence
times for Hungry Horse are conparatively high when conpared to Lake
Koocanusa indicating thermal structure may be less inpacted in
Hungry Horse. However, residence times during drawdown periods

still appear |ow enough to inpact thermal structure and zooplankton
popul at i ons.

The relationship between nonthly residence tines and
zoopl ankton populations will be determned. Since residence tinmes
are usually lowest in winter and early spring we wll need to

col lect zooplankton data during this period when the reservoir is
i ce covered.

The rel ationship between zoopl ankton popul ations and vol ume of
water in euphotic zone and volumes in selected tenperature ranges
will also be evaluated as nore data is collected and anal yzed.
Low zoopl ankton popul ations may be reflected in the growth rates
and condition factors of cutthroat trout and mountain whitefish in
the winter and early spring. Both of these species appear to

utilize primrily zooplankton (Daphnia) during the winter and early
spring period.
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Surface Insects

Insects on the surface filmare the primary food of cutthroat
trout in Hungry Horse Reservoir. Reservoir drawdown has a drastic
effect on dipteran densities in areas dewatered by drawdown. A
reduction in dipteran production in dewatered areas should result
inlower densities of Dipterans on the surface film especially
during the spring and early summer period when dipteran are
emerging and much of the littoral zone is still dewatered. Years
of extreme drawdown may result in slower growth rates and | ower
condition factors for cutthroat trout than in years of |esser
dr awdowns.

Terrestrial insects are the most inportant food item of west-
slope cutthroat trout in Hungry Horse Reservoir during the summer
and fall. Unfortunately, there is a paucity of data in the litera-
ture concerning the effects of drawdown on terrestrial insects
densities on the surface film Intuitively, it appears that draw
down would not effect terrestrial insect density, but rather would
cause a reduction in the total number of insects available in the
epi neuston due to less surface area. A large reduction in total
numbers of terrestrial insects may be reflected in |ow sumer and
fall growth rates and condition factors of westslope cutthroat
trout. The relationship between drawdown and surface insect
densities will be evaluated and estimates of nunbers and biomass of
insects not available due to reduction in surface area calcul ated.

Ganefish Species
Westslope Cutthroat trout

Reservoir operation inpacts cutthroat trout populations
through influencing fish food availability and living space or
habitat quality and quantity. The relationship between drawdown,
aquatic Dipteran densities, zooplankton standing crops and avail-
ability of terrestrial insects on the surface filmare in the
process of being devel oped. The next step is to determne the
rel ationship between food availability and seasonal growth rates
and condition factors. This will be acconplished as nore data on
these parameters are collected during the study. Initial analysis
of the data indicates that large reservoir drawdowns nay adversely
affect fish food availability and may reduce seasonal growth rates
and condition factors of trout. Timng of drawdown may al so be
inportant especially in the fall. Food resources were high during
Sept enber and Cctober and drawdown during this period nay adversely
effect cutthroat trout grow h.

Reductions in quantity and quality of living space negatively
effects cutthroat trout populations by increasing intraspecific and
interspecific conpetition for food and space. Conpetition for
limted resources usuall?]/ causes an increase in nortality coupled
with a decrease in growth. Large annual drawdowns probably expose
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juvenile cutthroat to increased predation rates by concentrating
theminto a smaller volume with [ess escape cover. Stevens and
MIller (1983) found that predation on salmon smolts increased in
low fl OW years because the young are concentrated in smaller river
volumes Where they are more readily caught by predators. Sl ower
gromth resulting froma large drawdown would increase nortality of
%uvenile cutthroat because they woul d be vulnerable to predation
or a longer period of time. MIls and Foring (1983) found that
slow growth rates of yellow perch prolonged the period of vulner-
ability to predation by walleye.

Annual nortality rates will be calculated from three sources:
1) Purse seine population estimates, 2] age structure of gill net
and angler catches (catch curves) and 3) rate of adult returns
fromtagged juvenile and adult cutthroat em grants from Hungry
Horse cCreek. These parameters will be correlated with reservoir
operation to determne if there is a relationship between operation
and cutthroat trout mortality rates.

Vst sl ope cutthroat trout mortality due to angling should be
determned in 1985 This will entail running a creel survey to
determne catch rates. Total harvest will be calculated from these
catch rates and fishing pressure from a mail survey conducted by
Montana Department of Fish, Wldlife and Parks in 1985.

Bul |l Trout and Mbuntai n Wi tefish

Reservoir operation also affects bull trout and mountain
whitefish populations through its impacts on fish food availability
and quantity of available habitat. Reduction in zoopl ankton
popul ati ons (Daphnia) would |ower the food supply of mountain
whitefish and may result in a decline in growth rates and condition
factors. Large drawdowns woul d probably adverseldy affect the
growth and survival of small bull trout due to reduced food supply
and living space. In contrast drawdowns are probably beneficial to
the piscivorous larger bull trout. Drawdown reduces living space
which concentrates fish and makes them more susceptible to preda-
tion by bull trout.
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10.

11.

12.

RECOMMENDATTONS
Continue the study with the follow ng nodifications:

Conpl ete stream habitat surveys including Gaves Creek above
the barrier chute.

Cbtain population estimates for cutthroat trout in najor
spawning tributaries in order to develop a nodel relating
habitat to standing crops of juvenile trout.

Eval uate westslope cutthroat trout use of structure in
shoreline habitats during the spring and fall.

Drop the Enery Day and Graves Ray Wsconsin tows and pick up
an additional randomtow in each area for a total of three
sanples in each geographic area per sanpling date.

Increase frequency of surface insect tows during the
spring, summer and fall. This should help reduce bias caused
by large tenporal variations in their abundance.

Col  ect and anal yze stomachs using present nethodol ogy through
1985. Continue to collect stomachs after this date but pool
them for analysis.

Delete vertical gill net and acoustical sanpling, because of
low fish catches in nets and few fish recorded during
acoustical runs.

Sanple fish populations in the reservoir seasonally with gill
nets using a nore intensive effort.

Estimate total harvest of major game species in 1985 b
conducting a creel survey to determne catch rates. Tota
harvest will be calculated from these catch rates and fishing
pressure obtained from a fishing pressure survey conducted by
the Montana Department of Fish, Wldlife and Parks.

Run a downstream trap in Hungry Horse Creek through Septenber
and determne trap efficiency by two week periods.

Col | ect Wsconsin zooplankton tows during February and March
in the Enery and Mirray areas.

Oogduct intensive purse seining in the Sullivan area in spring
and fall.
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Appendi x A
Stream Habitat Survey Data
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Appendi x A2, streamsurvey data foe east-side tributaries of Hungry Horse Reservoir collected during 1983 and 1984
Barrier
| ocation
km from _ Spawni ng Percenkt
Stream Reach Stream Drainaqeﬁ/ stream Accessibleb/ Length G adient gravel D90 Instream overhead
Name No. order Area (km®) origin (YIN'P) (km) (% fme/t~/km)  (cm cover  cover  Pool Run
3
Emery 1 3 52.8 Y 5.2 2.1 33.5 21.3 1.3 14.7 6.1 70.0
2 Y 4.9 2.4 70.4  10.3 25.5 22.5 20.0 53.3
Qiver 1 1 Y 0.7 5.5 Too smal
2 1 N 1.4 22.1 Too steep
Rem ng- 1 1 Y 0.7 4.2 Too snal |
ton 2 1 N 1.3 27.1 Too st eep
1
Royal 1 1 Y 0.8 10.8 Too smal |
2 N 0.7 34. Too steep
Strife 1 2 Y 0.4 9.9 Too snal |
2 1 N 1.5 24.3 Too steel
Emery 1 2 Y 1.3 2.0 Too snal |

Loop



Appendi x A2.  Conti nued

Barrier
| ocation
km from Spawni ng Percent
Stream Reach Stream Drainag stream  Accessiblel/ Length G adi ent grgvel D-90 Instream Overhead
Nane NO. Oder Area (km®) origin (YN P) (km )] (m“/km)  (cn) cover  cover Pool Run
Hrory 2 3 39.8 Y 3.1 2.0 322 21.6 19.0 16.5 10.0 43.3
Hor se 3 2 7.0 Y 3.6 4.3 96.0 10.3 17.8 29.2 36.7 60.0
2 N 0.8 14. 6 Barrier
Margaret 1 2 Y 2.7 4.1 27.4  34.4 11.2 13.3 20.0 50.0
Tiger 1 2 Y 2.8 3.5 59.3 33.5 17.8 12.2 36.7 43.3
Turmoi |l 1 2 Y 0.9 9.0 Too snal |
Lost 1 2 Y 1.2 5.1 68.3 43.3 5.7 13.2 13.3 50.0
Mare 2 2 N 2.1 18.3 Too steep
Tent 1 3 48.9 Y 1.3 3.6 43.1 41.9 48.5 13.5 20.0 11.0
3.5
Dudl ey Al 2 Y 1.8 7.4 39.4 28.4 6.8 8.0 13.3 36.7
9.7
Dudley B 1 1 0.1 N 0.4 25.4 Barrier
2 2 N 1.3 Barrier
8.4
Dudley C1 1 Y 0.7 30.9 Too smal |
2 1 N 1.1 Too steep
Ryle 1 2 Y 1.0 8.4 Too snal |
2 2 N 1.2 17.2 Too steep



VA

Appendi x A2. Conti nued
Barrier
| ocation
kmfrom spawni ng Percent
stream Reach Stream Drai.na.qei/ stream Accessibled’ Length Gradient grgvel 0-90 Instream Overhead
Nane NO Order Area (km?) origin (YNP (km (% {m%/km}  (cm)  cover  cover  pool  Run
Lost 1 1 N 1.4 24.8 Too steep
Hai r
Seagrid 1 1 N 0.7 12.0 Too steep
A 2 1 N 1.6 23.6 Too steep
Seagrid 1 1 N 0.5 10.8 Too st eep
B 2 1 N 1.3 29.9 Too steep
Riverside 1 3 15.8 Y 0.9 5.3 24.4  67.9 5.8 2.5 33.3 16.7
2 3 c-1.3¢/ P 3.2 9.8 Too snal |
Mir r ay 1 2 8.3 c-0.2 P 1.1 6.8 7.3 48.8 28.3 19.5 0 13.3
2 N 2.6 21.1 Too st eep
3 2. N 1.7 6.3 Too srdl |
2
Mclnernie 1 2 6.4 c-0.5 P 1.2 4.0 5.3 11.2 9.1 18.4 17.2 34.5
2 P 1.0 6.1 18.0 36.3 23.5 38.3 5.0 40.0
3 2 2.3 N 2.0 23.5 Barrier
2
Deep 1 1 1.5 Y 1.4 9.6 30.7 Needs survey
2 N 1.8 23.5 Too steep



Appendi x A2, Continued
Barrier
| ocation )
km from spawni ng Percent
stream Reach stream Drainagea/ stream Accessibleb/ Length Gradient gegvel D-90 Instream Over head
Name NO. order Area (ka®) origin (YINP) (km) (% I'km  (cm  cover cover Pool  Run
clorinda 1 1 3.7 c-0.2 N 1.0 13.1 Barrier
2 1 N 2.1 20.3 Barrier
Canyon 1 2 10.0 Y 1.1 8.8 36.4 53.2 41.7 13.7 0 16.7
2 2 N 2.0 15.0 Too Steep
1 1.2 c-0.3 P 1.8 8.2 35.6 48.8 31.8 13.2 3.3 20.0
Harris 2 12 N 2.5 21.4 Too steep
1
Fel i x 2 3 23.0 c-0.2 N 2.5 2.9 32.8 40.8" 5.3 3.5 13.4 40.0
3 N 1.3 2.1 18.5 52.1 14.7 12.0 13.3 33.3
3 2 N 2.1 18.1 Too steep
Unawan 1 2 Y 1.3 1.4 7.7 Too snal |
2 2 N 1.9 20.4 Too steep
1
Pai nt 2 1 6.4 c-0.2 N 1.5 9.0 Barrier
1 N 3.2 3.9 Barrier
3 1 N 1.6 33.3 Barri er
Logan 1 2 15.6 c-0.5 P 2.8 4.8 9.6 42.6 15.7 8.3 20.0 10.0
2 2 N 2.8 12.1 Too steep
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Appendi x A2. Conti nued

Per cent

spawn
Stream  Reach Stream Drai.nagi/ Accessible? Length Gradient grgvel D90 Instream Overhead
Nare NO. Oder Area {ki (YINP) (km) (% (m®/km) (cm cover cover Pool Run
S.F. Logan 1 2 21.4 Y 2.9 6.3 4.1 230 5.7 14.3 16.7 23.3
2 2 N 2.0 21.3 Too steep
Devil's 1 2 4.5 N 2.1 1.3 Too steep
Corkscrew
Hoke 1 2 30.9 Y 1.9 6.3 Too small
2 2 N 2.6 23.0 Too st eep
Baptiste 1 2 N 1.4 5.4 Dry
2 2 N 2.4 22.5 Dry
Deadhorse 1 2 N 1.2 5.9 Dy
2 2 N 2.1 9.1 Dry
Peters 1 2 Y 2.7 10. 2 Too snal |
2 2 Y 1.2 5.2 Too smal |
3 2 Y 1.8 29.9 Too snal |
Brush 1 2 N 2.5 26.4 Too steep
Dry Park 1 2 N 1.9 23.2 Too steep
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Appendi x A2.  Conti nued
Barrier
| ocation
km from Spawning Percent
stream Reach Stream . stream Accassibleb/ Length Gradient vel DP-90 Instrean Overhead
Name NO, Oder Area (km) ori gin {(Y/N/P) (km) (%) /«m) (cm) cover cover Pool Run
So. Fork
Dry Park 1 1 N 1.7 41.8 Too steep
2.6
Lover Twin 1 3 Y 4.5 1.5 2.9 68.9 18.7 1.2 0.0 10.0
2 k| 7.0 Y 4.9 ——— 3.5 59.9 17.8 1.8 6.7 6.1
3 2 N 2.5 4.8 Dry
4 2 N 3.1 Dry
5 1 N 3.3 3.4 Dry
Rib Al 2 N 4.8 14.5 Dry
Trib. B 1 1 N 1.4 41.5 Dry
Trib. C 1 1 N .9 36.0 Dry
Trib. D 1 1 ] 0.8 31.1 Dry
Trib.E 1 1 N 1.5 14.5 Dry
Trib. F 1 1 N 2.5 15.3 Dry
Trib. G 1 1 N 2.5 23.2 Dry



Appendi x A2. Cont i nued

Barrier
l ocation
km from Spawning Percank
stream Reach Stream Drainageﬁf stream Accessibleb/ Length Gradient gravel D-90 Instream Owverhead
Name NO. Oder Area (kmz) origin (Y/N/P} (km) {3) (m?/km} (cm) cover cover Pool  Run
Rib. H1 2 N 2.3 23.9 Dry
Trib. I 1 1 N 1.6 31.7 Dry
Tanner 1 2 Y 1.1 8.7 Too small
Wper Twin 1 4 Y 5.0 1.3 0 Canyon
2 4 1.8 Y 6.8 2.0 0 Canyon
3 4 N 7.0 1.5 Barrier
4 3 N 4.2 2.9 Barrier
5 2 N 1:5 6:1 Barri er
Nort h 1 3 Y 2.6 7.4 Canyon
2 1 Y 3.1 6.3 Canyon
3 1 Y 1.1 15.1 Canyon
Sout h 1 2 N 2.6 3.6 Barrier
2 2 N 3.0 1.4 Barrier
Nanny 1 3 N 1.7 4.0 Barrier
2 2 N 1.6 10.6 Barrier
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Appendi x A2.  Conti nued

Barrier
| ocation
km from spawni ng Per cent
Str=am Reach stream Drai.nagea/ stream  Accessiblel Length G adi ent gravel D-%0 |Instream Overhead
Name NO. O der Area (km?) origin (Y/1/P) (km) (% (n*/km) (em)  cover cover  Pool Run
Gouse 1 2 N 1.8 6.8 Barrier
2 2 N 0.6 10.2 Barrier
Head 1 3 N 2.6 2.9 Barrier
2 2 N 1.4 6.0 Barrier
Spy 1 1 N 3.0 13.7 Barrier

a/ rai nage areas are given for entire streamand i nclude drainage areas of subordinant tributaries

b/ y = Yes; N = No; P = Passage possible during early and | ate parts of spawning period

&/ ¢ = aivert
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Appendi X A3. Stream survey data for west-side tributaries to Hungry Horse Reservoir collected during 1983 and 1984.

Barrier
| ocation
km from spawning Percent
Stream  Reach Stream Drainaged’ stream Accessiblel’ Length Gradient grgvel D90 Lnstieam Overhead
Nane No. Oder Area (km?) origin (YIN'P) (km) (% {(m“/km) (=m) cover cover Pool Run
Al pha 1 1 3.2 N 2.4 25.6 Too steep
Bet a 1 2 3.1 N 3.0 23.8 Too steep
Doris 1 3 35.1 5.5 % 2.1 3.5 12.4 38.5 252 9.2 10.0 36.7
2 3 3.4 5.8 18. 8 64.6 25.2 13.7 13.3 36.7
3 3 N 2.3 12.4 Barrier
cove 1 1 N 2.2 20.6 Barrier
Si | ver 1 2 N 1.7 13.9 Barrier
Lost Johnny§ 3 24.4 2.0 %g gi 61.0 56.5 3.1 10.9 17.8 28.6
N 3.5 4.7 Barrier
Qila 1 2 N 3.8 11.8 Barrier
Vignded ! g 41.5 Y 3.6 2.0 29.7 42.6  20.0 5.0 0o 73.3
' 5.6 ¥ 2.3 3.5 42.5 20.5  14.0 12.8  10.0 80.0
1.3 13.8 5.2 31.9 12.0 6.1 13.6 45.4

4 2 N * Barrier
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Appendi x A3.

Cont i nued

Barrier
| ocati on
kmfrom Spawni ng Per cent
Stream Reach Sream Drainaggii/ Stream  Accessinlel/ Length Gradient grgvel D-90 Instream Overhead
Nane NO. Oder Area (kn?) ori gin (YINP) (ko (% (- 4erm) (cm cover cover Pool Run
Clayton 1 3 17.2 0.1 N 2.6 5.1 Barrier
2 2 N 3.7 11.6 Barrier
Gol die 1 2 9.6 c-01 N 1.5 8.0 Barrier
Nat r ona 1 1 0.9 N 1.4 12.6 Too st eep
Fannor a 1 1 2.2 N 2.5 10. 4 Cascades
Kni ef f 1 3 11.8 0.4 N 1.2 8.1 Barrier
2 3 N 1.2 8.5 Barrier
John 1 2 N 2.1 16.1 Barrier
Ema 1 1 1.8 Y 0.9 15.5 Dry
Pear | 1 1 2.8 N 2.3 20.1 Too steep
Anna 1 1 N 1.4 22.8 Too steep
Ben 1 1 4.2 N 3.3 18.4 Too st eep
Mazi e 1 1 3.8 N 3.2 17.5 Too steep
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Appendi x A3. conti nued

Barrier
| ocation
kmfrom spawni ng Per cent
Sream Reach Stream Draina stream  Accessible?/ Length G adi ent gravel D-90 Instream Overhead
Nane NQ. Oder Area (km®) origin (YIN'P) (km) (% {m® /km (cm cover cover  Pool Run
6.9
wildcat 1 2 0.3 N 2.7 1.9 Barrier
2 2 N 4.4 Berrier
Lid 1 2 7.1 c0.3 N 15  12.7 Barrier
2 2 N 2.7 15.3 Barrier
Flossy 1 3 4.5 N 2.3 14.0 Too steep
2 2 N 1.3 25.0 Too steep
1.3
Elya 1 2 2.0 3] 1.2 15.1 Too steep
2 1 N 25.8 Too steep
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Appendi x A3.

Cont i nued

Barrier
| ocation
_ km from ) spawni ng Percent
Stream Reach Sream Dramaqeg/ stream AccessibleR/ Length Gadient grgvel D-90 Instream Overhead
Narme NO. Order Area (km®) origin {(Y/N/P) (km) (% {m< -/ km) (cm cover cover Pool  Run
Graves 1 3 75.6 0.0 N 2.1 3.9 Needs survey
2 2 N 5.1 4.0 Needs survey
3 2 N 2.0 7.6 Needs survey
3.3
Aeneas 1 2 N 2.4 6.6 Needs survey
2 2 N 3.2 Needs survey
Jones 1 2 N 3.3 14.4 Too steep
Baker 1 1 5.0 Y 3.3 18.4 Gascades
3 4.2 8.3
For est 1 2 12.6 Y 1.7 15.4 23.3  33.7 20.8 10.5 13.3 0
2 N Too steep
1
Vheel er 2 3 57.3 Y 1.7 2.8 24.1 44,9 40. 2 4.7 33.4 233
3 10.0 Y 8.3 2.6 112.8  32.7 38.2 5.8 26.7 33.3
3 2 N 4.9 12.1 Barrier
Martin 1 1 N 2.9 24.3 Too steep
M nk 1 1 N 1.8 32.2 Too steep
Trapper 1 2 N 4.2 11.9 Toosteep
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Appendi x A3. Cont i nued

Barrier
| ocation
kmfrom spawni ng Per cent
S ream Reach Stream Drai.nagea-/ Stream Accessibleb/ Length Gradient gravel D-90 Instream Over head
Nane NO.  Oder Area {km) origin (YINP) (k) (% (= //km}  (cm  cover cover. Pool Run
Bogdow 1 1 N 3.3 19.5 Too steep
Kat e 1 2 N 2.3 8.9 Barrier
2 1 N 1.4 26.7 Barrier
Hei nrude 1 1 3.6 N 3.0 16.4 Too steep
Battery 1 2 Y 1.9 13.7 7.4 24,1 11.3 13.7 13.3 53.3
Sul I'ivan 1 4 Y 3.2 1.1 6.8 34.3 12.3 0.2 3.3 6.1
2 4 Y 7.6 1.6 63.0 24.5 9.8 3.2 0 23.3
3 3 Y 4.5 2.1 34.0 12.2 3.5 3.3 10.0
4 2 Y 5.6 3.0 9 16.2 22.0 19.3 16.7 30.0
Bal | 1 3 Y 1.8 6.2 34.4  33.9 22.0 9.2 10.0 16.7
2 3 Y 4.0 4.5 Too smal |
Brancn 1 3 1.5 Y 3.5 6.1 10.6  40.0 21.8 7.0 13.3 23.4
2 3 N 2.8 4.8 Barrier
Conner 1 3 N 4.8 3.3 Too smal |
Slide 2 N 2.1 5.5 Dry
: 2 N 1.6 8.4 Dry
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Appendi x A3. Cont i nued

Barrier
| ocation
_ km from . spawni ng Percent
Stream Reach Stream Drai nageg/ stream Accessiblel Length G adi ent gravel D-90 Instream Overhead
Nane NO. Order Area {km®} origin (YNP) (km) (% {1=/%n) (cm cover cover RPool  Run
Qui n- 1 3 Y 4.3 2.3 40.9 34.2 18.8 4.3 6.7 20.0
Tonken 2 3 5.2 N 4.0 2.5 Barrier
3 3 N 7.2 7.6 Barrier
Posy 1 2 N 3.2 11.2 Barrier
Red ot 1 2 N 2.0 16. 2 Barrier
Cark 1 2 Y 2.5 3.9 82.4  26.9 13.8 16.5 10.0 40.0
2 2 Y 3.0 6.8 36.7 19.8 14.0 15.7 16.7 50.0
Tayl or 1 1 N 2.4 19.4 Too steep
Sol di er 1 2 Y 2.6 7.3 53.1 39.7 22.3 23.0 16.7 23.3
2 1 Y 2.7 5.2 92.6 Needs survey
Tin 1 3 Y 1.5 4.3 18.7  30.2 22.2 9.0 10.0 26.7
2 3 Y 3.0 7.5 5.3 34.5 17.3 3.4  14.3 10.7

& pai nage areas are given for entire streamand include drainage areas of subordinat tributaries
o/ y=Yes; N=No: P = Passage Possible during early and late parts of spawning period
& c = ailvert
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Length Frequency Distributions of \estslope
Cutthroat Trout Caught in Fish Trap
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Appendix Bl.  Length frequency distribution of 904 juvenile westslope
cutthroat trout caught in downstream trap in Hungry Horse
Creek.  July 1984,
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Appendi x B2. Length frequency distribution of juvenile cutthroat

trout caught in downstreamtrap in Hungry Horse Creek
June and August 1984.
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Appendi x B3.  Length frequency distribution of westslope cutthroat

trout caught in downstream fish traps, 1984.
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LONGTTUDINAL PROFILE OF HUNGRY HORSE RESERVOIR
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Appendix C1. Longitudinal cross—sectional profile of Hungry Horse Reservoir at water surface
elevations of 3,560 (full pool), 3,484; 3,475; 3,432 and 3,336.
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Appendi x Q2.
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Euphotic zone, tenperature, pHand specific conductance
profiles fromthe Mirray area of Hungry Horse Reservoir;
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Appendi x C3. Tenperature, pH and specific conductance profiles from
the Miurray area of Hungry Horse Reservoir, 10/12/83
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Appendi x C4. Euphotic zone, tenperature, pH specific conductivity and
D.O profiles frmthe Mirray area of Hungry Horse Reservoir,
May 15, 1984.



Euphotic zone, Tenperatm; c), pH specifit‘: ]conduct ivity

(mmhosscm™ x10), D. O kg-
10 15 20 P
A P | P PR | 2 o [ 2 L1 3 } 3 2 ‘i
% I
! |
° |
e |
10=y *
- J [ ]
-] A} T
20m o o enper at l_Jr € cmmrma
o \l Conductivity _ _ _
o
. o \ PHe . . .
[ : ‘ D'o' 0000
- 304 : o \ Buphotic Zone _L
a \
ot e |
40 . o \
. b \
. i
o |
- Q I
6 0 - . °
o |
. o |
. o |
. [+] l
60 = . ° !
. 3 :
] g §
. o []
70= . o ¢

Appendix C5. Euphoticzone, tenperature, pH specific conductivity,
and D.O profiles for the Mrray area of Hungry Horse

Reaervoir; August 7, 1984.
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Cctober 11, 1984.  Conductivity neter was not
fuctioning properly due to low air tenperature.
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Appendix C7  Isopleths of water temperatures (2°C) from the Emery Bay Station,
Hungry Horse Reservoir, 1983-84.



80

MEASUREMENT (FEET)

ELEVATION OF

570

3550

354C

3530

352¢C

3510

3500

3430

34837

3473

1 ]
,_.

=
—
.

Ji GUC  SEP  OCT  NOY  DEC  JAN  FEB  MS8  APR MAY  JuUN UL RUG  SEP
1933 128y

Appendix C8 Isopleths of water temperatures (2°C) from the Graves Bay Station,
Hungry Horse Reservoir, 1983-84
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Isopleths of dissolved oxygen (lmg-l 7) from the Hmery Station,
Hungry Horse Reservoir, 1983-84.
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Appendix C12. Isopleths of dissolved oxygen (img*1”}) fram the Bmery Bay Station,

Hungry Horse Reservoir, 1983-84.



10

ELEVA [ON QF MERASUREMINT (FEET)

3520' 1

3510

3soo

3490

3480

3u7C

Appendi x C13

T T T

SEP | 0CT  NO4  CEC  JRN  FEB

1983

" MBR

" GeR

| sopl eths of dissol ved oxygen(lmg-l"l)fron1the G aves Bey Station,

Hungry Horse Reservoir, 1983-84.



1384
pH standard units (0.1) from the Bmery Station,

ervoir, 1983-84.

1353
Isopleths of
Hungry Horse

JuL RUG 3
Appendix C14.

Res



UG I

[1934] INIWTUNCHAW J0 NDTIHAIT]

C15

1283

Appendix C15. Isopleths of pH standard units (0.1) from the Murray Station,

Hungry Horse Reservoir, 1983-84.
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Appendix C18. Isopleths of pH standard units (0.1) from the Graves Bay Station,
' Hungry Horse Reservoir, 1983-84.
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Appendix C19.

Isopleths of specific conductance (10 mmhos) from the Emery Station,
Hungry Horse Reservoir, 1983-84.
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Appendi x Dl. The nean density and yearly average of adult zooplankton captured bi-
nonthly in 30 m Wsconsin tows for the permanent, random and bay stations

A the BEnery Mirray axd Sullican areas of Hungry Horse Reaervoir from
July-Decenber 1983 and Apri | -June 1984.

Caery Hureay Sullivan

Dace Parm. Raadon Hean Bay Pera. Randos 2an Parm. Raadon dean Yy

DAPHITA
7/25/33 3.56 8.23 5.90 5.21 3.14 3.00 3.47 2.87 2.41 2.54 1.55
8/24/83 1.35 0.96 1.16 0.91 0.80 0.73 0.77 8,35 0,80 0.73 0.43
9/14/83 2.68 0.74 0.71 0.84 0,62 0.77 0.70 1.15 1.17 1.16 0.42
9/23/33 0.10 0.36 0.33 0.42 0.29 0.60 0.44 1.21 0.30 0.76 0.75
10/13/83 1.26 0.64 0.85 0.91 1.21 0.79 1,00 0.64 0.31 0,49 0.20
11/1/83 0.71 0.53 0,52 0.62 1.76 1.10 1.43 0.33 0.52 0.43 2.25
11/17/33 1.13 0.07 1.00 0.82 1.34 0.79 1.07 1.49 2,00 1,73 3,05
11/29/33 0.66 1.18 0.92 1.49 1.87 0.93 1.40 - - m——— e
12/13/83 0.82 0.64 0.73 -- 0.94 0.17 0.56 2.22 3.74  4.09 ---
4/24/34 J.88 0.25 0.50 0.21 1.03 0.36 0.70 0.12 0.68 3.03 ---—-
5/15/84 0.57 0.86 0.72 0.20 - - -——— - - 0,45 0,0 0.57 ---—-
5/30/34 Q.44 0.9 0.70 0.52 1.27 0.88 1.09 0,01 0.01 0.53
6/13/84 2,33 1.6 2.25 ——= 0.60 2.67 1,68 -—-—- s
3/26/84 2.0 1,63 153 1.00 1.83 1.31 157 __ 0.60 ---- 2.71
Jean 1.29 1.19 1.22 1,15 1,306

Ti!’i]nﬂa
1/26/33 0.45 0.67 0.5 0,93 0.57 1,20 0.94 0.58 0.54 0.55 0,835
8/24/33 0.16 .06 0.11 0,05 0.18 06,22 0.20 0.10 0,15 0.13 0.22
9/14/33 0.34 0.30 0.32 0.256 0.40 0,13 0.27 1.00 0.53 0.81 1.95
9/26/33 0.49 0.4  0.45 0,54 0.49 1,23 0.8 1.33 1.15 1.24 0,93
13/13/33 1.23 0,79 1.01 2,62 1.05 0,38 0.72 2.04 2.30 2.42 2.13
11/01/33 1.50 0,92 1.21 1,97 1.3% 1.22 1.31 1.17 1.29 1.23 6.53
11/17/83 0.77 0.556 0.67 1.4% 1,26 0.81 1.04 3.44 5.23 4.34 9,33
11/29/33 0.64 0,57 0,61 1.91 1,52 0,96 1.24
12/13/83 0.38 0.40  0.39 ——= 3,92 0.3 0.63 2.53 1.35  1.97 -——-
5/15/84 3.01 0.04 0.02 0.01 --- ~---- == 0,10 0.12 0.11 ---
6/13/84 0.31 0.02 0.17 ---- 0.07 0.25 0,15 ----
6/26/949 0.06 0.0 0.03 0.07 0.08 0.04 0.06 ——— 0.13 --- 0.72
dean 0.43 0.83 0.59 1.17 2.65

Dl



Appendi x DL. (Conti nued)

Fery Murray Sullivan
Dat e Perm Random Mean Bay Perm Random Bay Perm Random Mean Bay
CYCLOPS

1/25/83 1.79 2,70 2.20 2.56 2.01 2.9 2.46 0,38 0.32 0.45 2,51
8/24/83 3.04 2,50 2.77 2.99 3.12 1.70  2.41 2.50 3.40 2.35 3,30
9/14/33 5.00 4.33  4.69 5.32 7.17 474 59 3.21 5.15 4,48 7.02
9/28/83 6.606 4,85 5.76 5.36 6.58 4.62 5.60 6.93 3.44 8,14 7.30
10/13/83 6.22 S.49  5.86 6.20 4.62 5,94 5.28 7.04 8.37 7.71 6.39
11/1/83 5.45 4.20 4.83 4.83 4.02 3.31 367 474 4,02 4.33 10.83
11/17/83 3.50 3.78  3.73 3.50 3.37 3.21  3.53 7.41 11.51 9.46 17.26
11/25/83 4,13 5,73  4.93 5.70 3.26 2,56 291 - - --- 570
12/13/83 3.14 2.73  2.94 =— 3.22 1.84 2.53  6.47 434 5.41 ---
4/24/34 0.05 0.48 0.67 0.20 1.74 100 1.37 1.30 0.59 0.95 ---
5/15/84 0.52 122 0.92 0.44 - - R 1,80 1.61 ----
5/30/84 0.39 0.30 0.35 0.22 1.35 1.35 1.35 0.10 0.09 0.35 1,32
5/13/84 0.99 0.40 0.70 --- 0.9 253 174 --- e
6/26/34 0.81 0.66 0.77 0.45 1.60 1.89 1.45 ~--- 169 ---- 571
Azan 2.94 3.15 3.10 4.23 5.35
1/25/93 0.03 0.06 0.05 0.03 0.06 0.06 0.06 0.10 0.20 0.15 0.21
9/14/43 0.57 0.86 0.72 0.35 0.83 0,76 0.83 0.57 0,35 071 oM
9/23/33 0.94 0.72 0.83 0.75 0.47 0.54 0.56 0.53 0.63 0.63 0.27
10/13/83 1.26 0.76 1,01 1.09 0,51 0.52 0.52 0.50 0.54 0.52 0.24
11/1/33 1.00 0.62 0,81 1.30 1,35 0.64 1.00 0.24 0.43 0.34 2.20
11/17/43 1.49 0,95 1.23 1.41 1.60 0.83 1.22 0.97 2.63  1l.83 3.69
11/29/33 1.34 111 1.23 2.10 2.01 1.47 174 —~- m———
12/13/83 0,99 0.98 0.39 ---- 1,68 0.01 125 7.33 a.22 7,80 ---
4/24/84 3.31 1.05 2.18 0.66 3.04 1.03 2.04 0.27 0.27 0.27 ----
5/15/04 1.74 435 3.05 0.66 - - -t 133 .52 1.,3 ---
5/30/34 3.00 1,65 236 1.44 2.99 2.28  2.64 0,35 0.39 0.3a 0.45
5/13/34 5.74 6.40 6.07 ---- 1,63 415 2,92 —- ——— T e
6/25/04 5.49 9.00 7.25 4.73 4.02 2.64 3.33 —-- 0,81 --- 5,04
Mean 2.00 1.28 1.44 1.33 1.50

---- = sample not usable or nat collected

D2
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Appendi x D2. The nean Number of surface insects captured per hectare for Enery, Murray, and Sullivan areas
and the total of these averages for "ear (<100 m fromshore) and of fshore (>100 n) Sanples
col l ected at Hungry Horse Reservoir area fromAugust - Novenier 1983.

Area
| nsect Emery _Murray  __ Sullivan e
Month group Nearshore O f shore Nearshore Of fshore Nearshore Of fshore Nearshore O fshore
Aug. Terrestrial 21 0 35 42 14 28 23 23
Aquatic 14 0 63 83 35 70 37 51
TOTAL 35 0 98 125 49 98 60 74
Sept Terrestrial 16, 063 2,608 446 117 96 179 5,535 968
Aquatic 146 36 25 37 79 146 83 73
TOTAL 16, 209 2,644 471 154 175 325 5,618 1,041
Cet. Terrestrial 54 92 142 138 13 46 70 92
Aquatic 96 79 83 325 46 29 76 144
TOTAL 150 171 225 463 58 75 146 236
NW. Terrestrial 0 0 4 4 17 8 7 4
Aquatic 17 17 0 0 0 8 6 8
TOTAL 17 17 4 4 17 16 13 12
Mean Terrestrial 4,034 675 157 75 35 65 1,409 272
Aguatic 68 33 43 112 40 63 50 69
TOTAL %™ 4,102 708 200 187 75 128 1, 459 341

D44 a -’,JA




Appendix D3, The mean nusber of surface insects captured per hectare for Emery, Murray, and Sullivan areas
the total of these averages for near (<100 m from shore) and offshore (>100 m) samples
collected at Hungry Horse Reservoir area fram April - November 1984.

g

Ared.

Insect _Baery nrray Sullivan ——Grand Mean
Month group Nearshore Offshoce Nearshore Offshore Nearshore Offshore Nearshoce Offshoce
April  Terrestrial 8 [:] [} 0 8 8 6 6
Apatic 1 8 17 33 @ n 25 25
TOTAL 25 16 17 kx] 50 41 E) k)
May Terrestrial 250 233 63 a8 17 17 110 113
Aquatic 146 125 142 146 142 184 143 151
TOTAL 396 358 205 234 159 201 253 264
June Terrestrial 221 142 213 188 13 17 149 115
Aqatic 83 13 kX 17 108 156 75 62
TOTAL 304 155 246 205 121 1m 224 1n
July Terrestrial 161 25 53 “ 25 47 80 39
Aquatic 53 8 39 17 58 61 50 29
TOTAL 214 33 92 61 83 108 130 68
A, Terrestrial 17 28 175 106 1,809 633 667 256
Aquatic Ty p] 19 17 s3 39 7 26
‘TOTAL 64 50 294 123 1,662 6712 739 28
Sept. Terrestrial 9,560 7,243 861 525 403 89 3,608 2,619
Aquatic T2 22 64 n 303 119 146 57
TOTAL 9,632 7,265 925 556 706 208 3,754 2,676
Oct. Terrestrial 6 6 261 489 245 656 170 383
Aguatic 28 106 94 283 78 94 67 161
TOTAL k21 112 355 m 323 750 pxy) 544
Nov, Terrestrial [} 0 0 0 0 1} 0 0
Aquatic 6 0 0 0 0 0 2 0
TOTAL 6 0 0 0 0 0 2 0
Mean  Terrestrial 1,278 961 203 180 315 183 599 441
Aquatic 56 38 64 68 98 86 7 64
TOTAL 1,334 999 267 248 413 269 672 505




Appendi x D4.  The number and wei ght (g) of aquatic macroinvertebrates.m2 in benthos sanples from

Enery, Murray and Sul livan areas of Hungry Horse Reservoir August through Novenber,
1983.
Dipteran
Mean __ Larvae = _Pupge = ___Total =~ _Oligochaeta  __Other
Dat e Depth No. Wt., WNo. Wt. No, Wt. No. Wt No. Wt.
Emery Area 1983
October 14 8.2 3.6 0.000 — - - 3.6 0.001 32.3 0.037 68.1 0.050
30.0 5.8 0.023 - - @ — 53.8 0.023 14.3 0,219 17.9 0.008
December 12 18.5 154.1 0.082 - - - - 154.1 0.082 7.2 0.013 — ----
49.2 139.8 0.587 - - —-——-= 139.8 0.587 10.8 0.006 — - -
Summar y 13. 4 78.9 0.041 - - - - 78.9  0.041 19.7 0.025 34.1 0.025
30.0 53.8 0.023 - - - - - 53.8 0.023 14.3 0.219 17.9 0.008
49.2 139.8  0.587 139.8  0.587 10.8  0.006 .- -
Murray Area 1983
Cctober 14 13.1 43.0 0.019 3.6 0.002 46.6  0.021 25.1 0.033 20.7 0.021
3.2 121.8 0.481 3.6 0.003 125.4 0.484  18.0 0.039 --- ---
40.7 10.6 0.008 -- - - - 10.0  0.008 10.8 0.015 -- ----
December 12 17.4 172.0  0.079 ----  172.0 0.079 21.5 0.021 ----  --
38.7 204.3 1.439 - - - - - 2043 1.439 35.8 0.054 3.6 0.013
53.9 64.5 021  ---  ---- 64.5 0.221 144 0.039 --- ---
Summary  15.3 107.5 0.049 1.8 0.001 109.3 0.050 23.3 0.027 14.4 0.011
34.5 163.1 0.960 1.8 0.002 164.9 0.962 26.9 0.047 1.6 0.006
41.3 37.7  0.115 — S 37.7 0.115 12.6 0.027 --  ----
Sullivan Area 1983
October 14 8.7 25.1 0.013 - --- 25.1  0.013 7.2 0.001 10.8 0.003
28.7 190.0 0.298 --- " oCC 190.0 0.298 107.5 0.036 1.2 0.227
39.2 103.9 0.150 3.6 0.081 107.5 0.231 39.4 0072 - -  ----
Decenber 12 17.9 283.1 0.805 - - 263.1 0.805 50.2  0.052 _
44.3 154.1 0.542 — - - - 1541 0.542 82.5 0.071 --- —
Sumary 13.3 1541 0.409 --- ---- 1541 0.409  28.7 0.027 5.4 0,002
28.7 190.0 0.298 -- - --- 190.0 0.298 107.5  0.036 7.2 0.227
41.2 129.0 0.346 1.8 0.041 130.8 0.387 61.0 0.072 -:-  --_-_
1983 Areas Carbined Mean
1983 14.0 113.5 0.166 0.6 0.001 114.1 0 .)57 23.9 0.026 17.9 0.027
31.9 142.5 0.560 0.9 0.001 143.4 0.561 43.9 0.087 7.2 0.062
[83.5] [63.3] [16.1]
459 102.2 0.349 0.6 0.013 102.8 0.363 28.1 0.0 ---- --_ -
[93.3] [43.2]

a/ Standard deviation in brackets.



Appendi x D5. The number and wei ght (g) of aquatic macroinvertebrates'm? in benthos sanpl es from
Enery, Murray and Sul livan areas of Hungry Horse Reservoir June through Noveniber

1984.
Di pteran
Mean Larvae Pupae Total _Oligochaeta  __other
Dat e Dept h(m) _No. W Wt. No.  wt. No. W . No.  W. NO  wt.
Emexy Area 1983
June 6 11.7 - == = — == e - —
27.3 46.6  0.147 - - 46.6  0.147 7.2 0.002 -
48.3 10.6  0.047 - - - - 10.8  0.047 14.3  0.005 - -
August 10 8.3 43.0  0.079 3.6 0.037  46.6 0.116 107.5 0.043 —_ = —
28.0 663.1 1.078 — ———e  663.1 1.018 308.3 0.242 - __-
53:0 236.5 0.575 — — 236.5 0.575 186.4  0.223 - ——-
Novenber 7 14.8 57.3  0.075 — — 57.3  0.075 —— " - ——
31.8 50.2  0.120 - - === 50.2 0.120 3.6 <0.001 - ==
51.5 186.4  0.967 — - - 186.4  0.967 7.2 0.013 ——
Summary  11.6 33.4 0.052 1.2 0.012 346 0.064 358 0.014 - ——
29.1 253.3  0.448 — - - 253.3  0.448 106.4 0.061 - -
50.9 1446 0.530 — - - 1446 0.530  69.3 0.081 - -
Muzray Area 1984
June 20 19.3 8.1 0.006 2.7 0.002 10.8  0.008 5.4 0.002 - -
28.3 83.3 0.135 - - - - 83.3 0.135 51.1 0.033 -
60. 3 430.1 0.315 14.3 0.104 444.4 0.419  28.7  0.007
August 9 3.0 154.1  0.171 — - - 1541 0.171  17.9  0.012 3.6 0.005
25.8 559.1 1.960 — ---- 5501 1.960 207.9 0.173 R
50: 5 455.,2 0.351 --- - - 4552 0.351 147.0 0.459 - _- _
Novenber 8  10.8 14.4 <0.001 - - - 4.4 <0 —° --- - -
30.2 211.5 0.839 — - - 2115 0.839 143 0.14 s-e -
50. 8 75.3  0.505 — - 75.3  0.505 - I
summary  11.9 53.8 0.054 1.1 0.001 54.9 0.055 7.5 0.004 3.2 0.007
28.1 264.5 0.894 - - - - 2645 0.894  87.1 0.069 - o
53.9 320.2  0.391 4.8 0.035 325.0 0.426 585 0.155 - - - _
Sullivan Area
June 21 8.3 28.7 0.068 — 28.7 0.068 17.9 0.071 - - - -
37.7 172.1  0.423 3.6 0.005 175.6 0.428  89.6  0.047 - -
August 8 3.8 168.4 0.125 --- - -- 168.4 0.125 359 0.043 7.2 0.057
34.2 440.9 0.545 - - - - 440.9 0.545 240.1  0.312 - -
Novenber 8  10.2 333.4  0.305 --- ----- 333.4 0.305 20.7 0.133 - - -
33.5 50.2  0.136 - - ----- 50.2  0.136 """ - o
44.5 125.5 0.701 - - --- 1255 0.701 144 0.008 - _--
Summary 7.4 176.8  0.166 — - - - 176.8 0.166  27.5 0.082 2.4 0.019
35.1 221.0  0.368 1.2 0.002 222.2 0.370 109.9 0.370 --- - -
4415 125.5 0.701 --- ---- 1255 0.701 4.4 0.008 - _-
Areas Combined
10.4 87.6
: 86.8 0.089 0.8 0.004 [1l44.4)3/0.093 [%32 %] 0.033 1.9  0.008
30.7 246.9  0.582 0.4 0,001 241.3 0.583 100.6 0.089 -_ - -
296.1 154.9
513 217.1  0.495 2.1  0.015 219.1 0.510 [ 41, 6] 0.102 - - --
[218.1] [60.7]

a/ Standard deviation in brackets.
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Appendi x EL.

Reservoir during 1983 and 1984.

Numder of fish stonmachs collected in Hungry Horse

Vst slop
cut t hr oat Bul | Muntain  Northern Longnose Largescale
Dat e trout trout whitefish squawfish  sucker sucker Total
Duery Areq
08/23/83 3 5 5 7 4 29
09/27/83 21 17 11 6 - o 55
11/29/83 11 6 10 2 — -- 29
06/26/84 16 20 8 21 -- -- 65
08/14/84 2 16 7 16 41
Murcay Area
08/24/83 3 2 4 8 6 5 29
09/28/83 23 9 5 6 == -- 43
11/30/83 14 4 11 -- -= -- 29
06/27/84 21 21 6 23 -- -- 71
08/16/84 5 14 6 20 - -- 45
10/12/84 12 20 7 7 -- -- 46
12/22/84 48 -- - - - -- -- 48
Sullivan Area

08/25/83 12 2 7 5 4 32
09/29/83 21 2 5 6 -- -- 38
12/15/83 11 15 -- -- -- 33
06/28/84 23 1: 6 14 -- -- 60
08/22/84 16 6 8 19 - 49
10/10/84 20 21 11 13 -- - 65
Total s 282 193 127 175 16 13 806

E



Zd

Appendix E2. Mumber and weight in grams of food jtems ingested by westslooe cutthroat trout in Hungry Yorse Resarvoir, 1983, The sercent thac each
iten comprised of tne total food for each season i3 given in parenthesis, Emnpty stomachs were not incliuded in the analyses,

Hunber " i s s

Season  Stomachs Daphnia Epischura  Hymenoptera Coleogptara — Hemiptera — Homopters — Lepedoptera Arachnids  Riptera  Ingeck Parts  Jiag.

No. Wt No. Wt. No. Wr. No. . No, W, No. Wt. No. Wt. No. W, to. e, No. We. No. W,
Westslone Cutthroat <300-m

Swmmet 11 - - 1 - 48 0.374 15,060 - - 57 095 - - 3 0,0201,758 4.040 - 0.625 - 0.280
(0,1} (2.5 (7.8 (0.8} (1.3} (3.0) (1.8 (0.2} (0.4) (93.5) (75.5} - {11.7) (2.5

Fall 29 344 0,124 21 0.008 5464 129,100 142 0.986 99  0.581 169 2.050 2) 0.838 67 0,499 585 3,050 - 1.630 - 0.030
(5.00 {L.0)(0.3} (<1} (79.0) (92.0) (2.1) {0.7) ({1.4) (0.4} (2.4) (1.5 (0.3} {0.6) {1.0) (3.4) (B.5) (2.2) ~- (1.2} = {<.1)

gs 1479 0.601 1 0,001 -~ - - - - - - - - - - - 21 0.810 =~ - - 0,010
Winter 13 (38.5) (90.5) (<.1) (1.3) 19.2) (0.3)
Total 55 1823 0,715 23  0.009 5512 129.474 157 1.045 99 0.581 226 2,145 23 0.838 70 0,519 2364 7,700 - 2.255 - 0,320
(17.7) {0.5) (0.2) (<.1) (535) (88.9) (1.5)(0.7) (1.0} (0.4) (2.2) (1.,5) {0.2) (0.6) (0.7) (0.4) (23.6) (5.3) (1.5) (0.2)

Hastslope Cutthroat >300 oq

Sumer 2 - - 1 0.004 1072 29,800 12 1.550 8 0.001 74 0,709 - - 20 0.425 57 3,250 -~ 8,940 - 4,700
v (<0.1) (85.2) (61.8) {0.9)(3.)) {0.68) (<.1) (5.9 (1.5} {1.6) (0.9} ({5.3){6.M - {l8.3) - (4.5
Fall o8 194 - 0,054 325 0,125 23,791 392.100 279 2.450 2.38 3.130 253 1.86D 78 3,650 107 0.634 842 5.500 - 0,554 5.300
(0.7) {<.1} {L.2) {<.1) (90.9)  (95.4) {L.1)(0.6) (0.9) {0.8} (1.0} (0.5) (0.3} (0.9} {0.4) (0.2) (3.2) (1.4} =~ (£.1) {0.1}

- 2538 1.010 1 tr. - - - - - - - - - - - - 24 0,064 - 001 0.010

7 .

fiaker Y (38.6) (93.8) (<0.1)(<0.1) (0.9) (6.0) (0.1} (9.1

Total 49 2732 1,064 327 0.129 24,863 421.900 291 4.000 246 3.131 333  2.569 78 3,65 127 1.079 933 8,904 9.495 10,010

(9.1) (0.2} (1.1) (<0.1}(83.1) (90.5) (1.00(C.%) (0.9} {0.7) (1.1} (0.5) (9.3} (0.8) (0.4) (0.2} (3.1) (1.9} (2.0) (2,2)
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nets from Hungry Horse Reservoir, 1983-84.

Mean catch by nonth for fish species captured in floating gill

Appendi x FI .
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nets fromHingry Horse Reservoir 1983-84

Man cat ch by Month For fish species captures in sinking gill

Appendi x F2.

Sullivan
WCT DV MWF NSQ CSU LNSU

)
wn
=
-
oD
(9]
(@]
(@4
|2
="
=
=
=
[
T
(@]
=
)
wn
=
-
o
(9))
O
I
5=
<]
Lih,
=
=
>
o
T
(@]
=
fr
Oma
5
£08
>2°
[y
2
()

Lo

om= O oM~ =
NS ©ommm  Z
oo w0 2 ~N~Or~ ~—
. = =
WS omam
— o — =3
Q™Z ~r~~m 2
ONS oomoa N

38 05090030
0277650000

3550363050
.

0124641100

3055333_/83
0457005031
050539036_/
173111371_/
9V
5000383 ©m
2754013331

5030010003
=R =T= == g

MmoABINmom o
- . - . . .8 .
W W — 0 O) =)
— —

0085387um~ o™
A O O < o
3555./00./-J ~
—A M~ Moo NS o
LMmo oo ©vo o
AN AN ® W0 7]
— i
3550377uﬂ_ ~
S wm A< —
5050300"m ™
. - » . . . . .
1000000._ -

a

I~

—
StITTANMmMOdNO o™

— ~

<
2S5R888ss=
Fhenssasgd

F2

2/50ven nets were set in Sullivan ad none in Emery do to Mechanical problems with boat.



Appendi x F3. Average catch per net of fish species in floating and sinking gill nets
fromthe Emery Mirray and Sullivan areas of Hungry Horse, August and
Qrtooer 1983 and May, August and Qctober 1984.  Nunber of net sets is
given in parenthesis.

Area
Eay Murcay Sullivan
Speci es 1983(28) 19843/ (42) 1983(28) 1984(70) 1983(28)  1984(66)

Eloating Netg
Westelope cutthroat 1.9 0.9 0.7 1.3 2.1 1.5
Bull trout 0.1 0.8 0.1 0.2 <0.1 0.4
Mount i anwhi t ef i sh 0.3 0.3 0.2 0.3 0.5 0.1
Nort hern squawfish 1.9 0.2 0.9 2.2 0.8 0.9
Largescal e sucker 0.0 0.2 <0.1 0.1 0.1 <0.1
Longnose sucker 0.0 <0.1 <0.1 <0.1 0.1 0.0

Sioking Nets

1983(6) 1984(14)  1983(6)  1984(24)  1983(6)  1984(21)

Westslope cutthroat 0.2 0.0 0.0 4.1 0.2 0.4
Bul | trout 1.3 4.1 1.7 10.3 1.5 2.9
Mountainwhi t efi sh 5.5 5.5 4.3 v 7.2 10.5
Northern squawfish 5.5 8.2 5.5 6.2 1932 4:7
Largescal e sucker 2.2 3.7 1.9
Longnose sucker 5.7 7.4 3.0 3.0 3.0 2.1

E/Emeryarea was not sanpl ed i n Cct ober, 1984 due to mechanical problems with boat.

F3



Appendi x F4. Mean catch by season for fish species captured in floating and sinking
gill nets from Hungry Horse Reservoir, 1983-84. The nunber of nets is
gi ven i n parenthesis.

-Spring (May)  __Summer (August) ___Fall (October)
Speci es 1983 1984 (40) 1983(42) 1984 (84)  1983(42) 1984(54)3/
Eloating Nets
Weat sl ope cut t hroat 2.4 0.4 0.2 2.4 1.1
Bul | trout 0.6 0.1 0.1 0.2 0.1
Mount ai nwhi t ef i sh - 0.4 0.0 0.1 0.6 0.3
Nor t her nsquawf i sh -- 0.7 2.0 4.1 0.1 0.5
Largescal e sucker - 0.2 0.1 0.1 0.0 0.1
Longnose sucker 0.1 0.1 0.0 0.0 0.0
Sinking Nets
1983 1204(12) 1983({9) 1984(30) 1983{9)
Vst sl ope cut t hroat - 0.4 0.1 0.1 0.3 0.3
Bul | trout 5:3 0:8 1.4 2.2 4.4
1.3 3.1 10.0 22.3
Nort hernwhi t ef i sh -- 8.9 8.3 9.1 2.2 4.6
Largescal esucker 1.1 4.1 3.7 0.9 0.8
Longnose sucker 3.8 7.8 6.1 0.1 0.3

a'/Emery area was not sanpled in fall, 1984 due to mechanical problens with boat.

F4
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Length Frequency Distributions of Fish Caught
in Horizontal GII Nets in 1983.
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Gl. ILength frequency diagrams for westslope cutthroat captured in floating
and sinking gill nets set in Hmery area, Murray area, and Sullivan area
of Hungry Horse Reserveoir, 1983.
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Appendix G2. Length frequency diagrams for bull trout captured in floating and
sinking gill nets set in Emery area, Murray area, and Sullivan area
of Hungry Horse Reservoir, 1983.
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Appendi x G3.  Length frequency di agramfor mountain whitefish
captured in floating and sinking gill nets set in

Enery area, Mirray area and Sullivan area of
Hungry Horse Reservoir, 1983
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Appendi x 4.
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Length frequency diagrams of northern squawfish captured in floating and
sinking gill nets set in Enery area, Mirray area, and Sullivan area of
Hungry Hor se Reservoir, 1983.
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Appendi x Cb. L_en?(t_h frequency diagrams of |ong-nose suckers captured in floating and
sinking gill nets set in Enery area, Murray area, and Sullivan area of
Hungry Horse Reservoir, 1983.
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Length frequency diagrams of large scaled suckers captured in floating
and sinking gill nets set in Emery area, Murray area, and Sullivan area
of Hungry Horse Reservoir, 1983.
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Appendi x H. Tagging and return infornation for westslope cutthroat and bull trout tagged in trioutaries to Hungry Horse Reservoir
and south Fork River 1983.

Jagaing bata Retuen pat e
Met hod b stance
) Length Length of Moved
Date Location (7m) Data Locat i on ) Recapt ure (km)
iest3lope Qutthrcat
6-16-83  Enery cr. 170 W@ 6783 Enery cr. -150 Angl i ng —
6-24-83 Enery cr. 135 J 7-20-83 Hingry Horse Res.--Enery Bay 169 Gl Net -
6- 28- 83 Enery cr. 146 J 11-29-83 Hingry Horse Res.--Enery Bay 266 G Il Net —
7-3-83 Enery cr. 142 J P-3-83 Enery cr. -178 Angl i ng -
6-28-83 Hungry Horse cr. 348 A 12-15-83 Mouth of dark Cr. -368 Gl Net +49, 92/
7-4-83 Hungry Horse cr. 368 A 7-23-83 Hingry Horse Res. - Angling
7-19-83 Lower Twn Q. 380 A 7-26-83 Muth G Lower Twn cr. -368 Angl i ng 0.5
7-19-83 Lover Twin Q. 200 J 8- 31-83 Inlet of S. Fork River -203 Angling -8.4
7-24-83 Lover Twin Cr. 255 J 7-26- 83 Mouth O Lower Twn cr. -252 Angl i ng 0.5
7-28-83 Lower Tw n cr. 234 J 8-2-83 Mouth of Lower Twin Cr. -229 Angl i ng 0.5
8-2-83 Lower Twn cr. 232 J 9-21-83 Inlet of S Fork River -254 Angling -8.4
6- 15-83 Mirrray cr. 106 J 6-29- 83 Mout h of Hungry Horse cr. - Angling -18:8
6- 16- 83 Mirray cr. 340 A 6-29- 83 Mout h of Lost Johnny cr. - Angling +14.5
6-23-83 North Fork Logan Cr. 172 J 8-30-133 Mout h of Sullivan Cr. 203- 229 Angling -9.3
6- 24- 83 North Fork Logan Q. 145 J U 24-83 Mout h of Lid Cr. -178 Angling -28.2
7-28-83 sullivanCr. 200 J 8-21-83 Sullivan Cr. - Angling -
7-30- 83 Sullivan Cr. 163 J P-29-83 Hurgry Horse Res.--Devils 208 G Il Net -
corkscrew Area
6-16- 83 Tent cr. 333 A 6- 25- 83 Ri versi de Boat Landi ng - Angl i ng +3.7
6-21-83 Tent cr. 367 A Hingry Horse Res.--Devils -373 Gl Net +28.5
Qorkscrew Area
Bull Trout
8-1-03 Qllivan Q. 194 J — Hingry Horse Res.--Devils -203 Gl Net +5,2
Qorkscrew Area
a/ J-guvenile fish: A-Adult fish

Y oiis up-reservoi r novenent; -

is damreservoir novenent
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Appendi x H2. Tagging and return information of juvenile westslope cutthroat tagged in trebutaries
to Hungry Horse Reservoir (HHR) and South Fork River, 1984,

Return Date

Tagging Data Method Di stance
Length Length o Moved
Date Locati on (mj Location (mh Recapture (km
7-9-04  Ewry cr. 135 HHR-Mouth OF Lost Johnny — —- Angling +2.28/
7-25-84 Enery cr. 170 VWunded Buck Q. - Angl i ng +4.9
7-20-84 Forest cr. 165 Sullivan Cr. -190 Angl i ng +4.0
7-23-04 Forest Cr. 170 HR -Muth of Gaves Cr. - Angling -4.0
9-7-83 Hungry Horse cr. 148 Hingry Horse Q. Trap 206 Tr -
7-5-84 Hungry Horse cr. 152 HHR- Mout h O Lost -153 AngPi ng +2.3
Johnny Q.
7-11-84 Hungry Horse cr. 175 HR-Muth O Hungry - - Angling 0.5
Horse cr.
7-12-84 Hungry Horse cr. 182 HR-Muth O Hingry - Angling 0.5
Horse cr.
7-31-83 Lower Twin cr. 210 HHR- Sul I'i van Area 283 Gl Net -5.2
8-1-83 Lower Twin cr. 181 HHR- Sul i van Area 239 Gl Net -12.9
7-14-84 Lower Twin cr. 227 Lowver Twn Cr. 227 Angling -
7-31-83 Sullivan Cr. 180 HR -l livanArea 262 G Il Net 4.0
8-8-83 Sullivan Cr. 202 HR -Mirray Area 290 GIl Net -24.1
7-23-84 \Weel er cr. 155 Sullivan Cr. - Angl i ng +4.0
7-23-84 Wieel er cc. 152 Sull'ivan cr. - Angl i ng +4.0

a +is up-reservoir nmovenent - is down-river reservoir novenent
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Appendi x H3. Tagging and return informati on of adult westslope cutthroat

and bull trout tagged in tributaries

to Hungry Horse Reservoir (HHR) and South Fork River, 1984.
Return Drte
Tagging [rte Method Di stance
Length Length (0] Moved
Dat e Locati on (mmy Date Location (rm) Recapture (kh
7-11-84 Forest Cr. 388 9-2-84 Mirray Bay - - Angling -22.7%/
6-24-83 Hungry Horse ¢ 378 5-20-84 Hungry Horse Cr. Trap 390 Tr
7-3-83 Hungry Horse ¢ 386 5-23-84 Hungry Horse - Angling 0.5
6-28-84 Hingry Horse Cr. 390 10-23-84  Hungry Horse -430 Angling 0.5
7-7-84 Hungry Horse Cr. 391 7-18-84 Hungry Horse - - Angl ing 0.5
7-2-04 Hingry Horse O 368 7-5-84 Hungry Horse - - Angling 0.5
7-3-84 Hingry Horse Cr. 369 7-8-84 Hungry Hor se - - Angl i ng 0.5
7-7-84 Hungry Horse cr. 319 7-15-84 Hungry Horse - Angl i ng 0.5
7-4-04 Hungry Horse cr. 391 7-15-84 Hungry Horse — Angl i ng 0.5
7-4-84 Hungry Horse Cr. 284 7-27-84 Hungry Horse Trap 204 Tr —
7-6-84 Hingry Horse Cr. 371 7-12-84 Hungry Horse — Angling 0.5
7-11-84 Hingry Horse COr. 357 7-15-84 Hungry Horse — Angling 0.5
7-13-84 Hungry Horse cr. 355 7-21-84 Hungry Horse Bay - Angl i ng 0.5
7-13-84 Hungry Horse cr. 351 7-15-84 Hungry Horse - - Angl i ng 0.5
7-17-84 Hungry Horse Cr. 373 7-21-84 Hungry Hor se - Angl i ng 0.3
8-9-83 Lower Twn cr. 297 7-1-84 HHR-Ld C. Aea - Angl i ng -52:3
6- 15- 83 Mirray cr. 351 7-9-84 Hungry Horse Cr. Trap 367 T -18.8
6-17-83 North Fork Logan Cr. 340 5-19- 84 North Fork Logan Cr. — Angling
7-12-84 Quintonkon Cr. 378 7-15-84 Sullivan Cr. -390 Angling -1.0
5-9-84 Reservoir--Muth of 370 5-31-84 H.H.R.-Emery Area -365 G Il Net -48.0
Sull'ivan Cr.
5-2-84 Reservoir- - Upper end 255 7-?7-84 S.Fork River-Log Landing -340 Angl i ng +3.0
8-8-83 Sullivan Or. 387 6-16-84 -390 Angling
6-18-83 Tent cr. 360 6-25-84 Hungry Horse Cr. Trap 380 Trap -14.0
6-22-83 Tent Cr. 392 7-8-84 H.H.R.--Mouth O Deep Cr. -415 Angling -5.6
5-9-04 Reservoi r-Muth of 559 *Dv* 8-29-84 Qui nt onkon Cr. - Angling -6.0
Sullivan Cr.

a +is up-reservoir Mvenent - is darn-reservoir novenent





