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INTRODUCTION

This study is part of a baseline environmental assessment funded by
the EPA under the direction of the Flathead River Basin Steering Committee,
a 15-member committee representing Tand manacement agencies, political
bodies and private citizens or aroups in the area.

This is the second Annual Progress Report and presents a large amount
of data collected during the preceding year. Because most phases of the
study are on-going there is minimal discussion and much of the data will
be integrated in a more sophisticated analysis in succeeding reports. [t
should be noted that data are reported in metric units except for stream flows.
These are reported in English units because most stream discharge information
collected by other agencies is reported in English units. Also, agencies
responsible for adjudicating water do so in English units. Flow data from this
report will be easier to assimilate and use by a broad range of people.

A description of developmental problems facing the basin, the objectives
of Department studies in the Flathead River Basin, conceptual assessment of
the objectives and data analyses are contained in a report by Graham (1979)
Appendi x

STUDY OBJECTIVES
A. North Fork of the Fiathead River Funded Projects

1. Assess relative impertance of tributary streams for producing
migratory and resident populations of westslope cutthroat and
bull trout.

2. Develeop a long-term monitoring index for juvenile trout in major
tributaries and the main river for correlation with habitat
inventories and to monitor changes in environmental guality.

3. Identify the timing and distribulion of spawning and feeding and
"smolt" migrations for major fish species.

4. Assess existing aguatic habitat in major tributary streams and
the main river. Habitat components will be assessed to determine
their importance in maintaining the existing cutthroat trout, bull
trout and sculpin community.  Stream reaches will be ranked in
relation to relative importance for providing spawning and rearing
areas.

5. Determine habitat reguirements and species interaction for juvenile
bull treout and westislope cutthroat trout.

6. Quantify instream flows for maintenance of native fish species in
the North Fork of the Flathead River. '

B. Middle Fork of the Flathead River Fisheries Study

1. Assess relative importance of tributary streams for producing
migratory and resident populations of westslope cutthroat and
bull trout. To compare the potential contribution of juvenile
fish from the North and Middle Forks to Flathead Lake.



2.  Develop a long-term menitoring index for juvenile trout
in major tributaries and the mzin river for correiation with
habitat inventories and to monitor changes in environmental
gquality in a natural system in the eveni development continues
in the North Fork drainage.

3. Identify the timing and distribution of spawning and feeding
and "smolt" migrations for major fish species.

DESCRIPTION OF STUDY AREA

North Fork of the Flathead River

The North Fork of the Flathead River originates in the Rocky Mountains
of British Columbia, fanada and flows south  corpss the U.S. Canadian boun-
dary into Montana {(Figure 1]. According to U.S. Geglogical Survey records,
28 percent of the drainage Ties in Canada and contributes 32 percent of the
total mean annual North Fork discharge {Table 1).

The North Fork crosses the international boundary at 1270m elevation
and flows approximately S2km south to its confluence with the Middle Fork
above Blankenship Bridge loceted between West Glacier and Coram, Montana
(Figure 1).  The upper section of the U.S. portion of the river fiows
through a broad, glacisted valley approximately 12.9km in width and was
classified in 1976 as a Scenic River under the National Wild and Scenic Rivers
Act. The lower 24km of the river is confined in a steep sidewall valley
which exists between the Whitefish and Apgar meuntain ranges and is classi-
fied as Recreational River.

The U.S. portion of the drainage receives water from aporoximately 15
major tributaries which differ in character depending upon their location.
Creeks draining the Whitefish Range on the west side of the North Fork orig-
inate at elevations of 1824 and 2128 meters where approximately 203cm of
precipitation falls annually. Several smell lakes are found on the west side.

Creeks on the east side of the North Fork drain the precipitous and
scenic 3040 meter Livingston Range on the west side of Glacier National Park.
These mountains receive up to 305cm of annual precipitation {Delk 1972) and
form a portion of the Continental Divide. Five of the east side drainages
are interrupted by large, deep fjord-type lakes which noticeably affect the
guality and thermai regimes of their outfiowing waters.

During the past year research conducted in the North Fork drainage by
the Montana Department of Fish, Wildiife and Parks was concentrated on
creeks draining the west side of the U.S. portion of the river and on the
North Fork itself. During September a small amount of survey work was done
on Canada's portion of the drainage.
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Table 1. Discharge (cubic feet per second) and drainage areas
of the North and Middle Forks of the Flathead River
(U.S. Geclogical Survey 1977).

Drainage Mean annual Maximum Minimum
Drainage area (kmg) fiow (cfs) flow (cfs) flow {(cfs)

North Fork near

Intl. boundary 1,106 874 16,306 65
North Fork near

Columbia Falls 4,009 3,004 69,100 198
Middle Fork near

West Glacier 2,922 2,956 140,000 <173




Middle Fork of the Flathead River

The Middle Fork of the Flathead River originates at the confluence of
Strawberry and Trail Creeks at the northern end of the Bob Marshall
Wilderness along the Continental Divide {Figure 2). From this point it
flows in a general northwesterily dirvection approximately 148km to its point
of juncture with the North Fork. A total of 715 meters of elevation are
Tost along its course which transiates to an average drop of 4.9 meters
per kilometer. The U.S. Portion of the North Fork drops an average of
2.9 meters per kilometer ajong iis Tenath.

The drainage area of the Middle Fork {2@22%@23 Table 1) is only 73
percent as large as that of the North Fork yet their average annual dis-
charges are quite similar; 2956 and 3004 cfs (cubic feet per second) respec-
tively. The maximum flow of 140,000cfs observed on the Middle Fork on June
9, 1964 is more than twice as large as that observed on the North Fork which
15 69,100 cfs on June 4, 1964, These record fiows constituted the infamous
1964 flood which caused an estimeted 28.4 millien dollars damage to the
upper Flathead Valley (USDA, Forest Sevvice 1964)., The Middle Fork was
particularly hard hit by the flood which was calculated to have a recurrence
interval of 200 years, versus 100 years for the North Fork. Middie Fork
creeks and the river itself were heavily scoured. An average of 26.7cm
cf rain fell during June 7 and 8 on a higher than average snowpack {USDA,
Forest Service 1964;.

The section of the Middle Fork above Bear Creek is referred to as the
upper Middle Fork (Figure 2] and was classified as a Wild River under the
Wild and Scenic Rivers act in 1976. This upper portion drains areas of
the Bob Marshall and Great Bear Wildernesses and is primarily roadless.

With the exception of the basin-like area around Schafer Meadows, this

portion of the river is deeply entrenched and has many steep sidewalls whose

erosion was accelerated by the 1964 flood. Tributaries entering this section

of river are numercus and have smaller drainage aveas than their North Fork

counterparts. The lLewis and Clark Range of the Rocky Mountains which form

the Continental Divide along the east side of the upper Middle Fork and the
tathead Range on the west are generally 2128 to 2432m in height.

The lower Middle Fork dispiays a similar pattern of entrenchment in
many arveas and is classified as a recreational river. The northeast side
of this reach drains the previously mentioned Livingston Range and forms a
large portion of the southern boundary of Glacier National Park. Tributaries
draining the park are large and similar fo North Fork tributaries although
in general they lack the large fjord-type lakes, with the exception of
McDonald and Harrison Creeks. Tributaries draining the Flathead Range on
the southwest side of the Jower Middle Fork are high gradient mountain
streams.

Montana Department of Fish, Wildiife and Parks research on the Middie
Fork during 1979 was concentrated in the upper river itself and the tri-
butaries to the upper river downstrzam from Schafer Meadows.
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Most of the upper Flathead River Basin is underlain by Precambrian
argillite, quartzite and carbonate rocks {Johns 1963). In a more recent
publication, Johns {1970} presented complete ceclogical maps of Flathead
County. These maps inciude all of the North and Middle Fork drainages with
the exception of those portions lying in Glacier National Park. United
States Geological Survey personnel are currentiy mapping the area within
Glacier Park (Al Martinson, soil scientist for the Flathead National Forest,
personal communication}.

A major fault called the Lewis Overthrust extends through much of the
upper Flathead Basin and is responsible for layers of very old Precambrian
rocks thousands of feet in thickness overiying limestones, dolomites,
shales and sandstone of the more recent Paleczoic and Mesozoic eras. This
fault passed through the upper portion of the upper Middle Fork and has resulted
in a distinctiy different geological pattern in this portion of the drainage.
Fisheries investigations planned for 1980 in creeks draining this area should
aid in addressing the complex relationship between drainage geomorphology
and fish habitat suitabiiity.

Water Quality

Existing Water Juality Information

During the past decade a large amount of water quality information
regarding the North Fork of the Flathead River and its tributaries has been
collected (Table 2). Most of the major tributaries in the United States
portion of the drainage have been examined by either the Flathead Drainacge
208 Project (1976) or by the U.S. Fish and Wildlife Service (1977). The
208 study represents the most intensive survey performed to date.

As has been pointed out by Stanford et al {1979) creeks draining the
large lakes on the Glacier Park side of the North Fork are noticeably less
well buffered and exhibit lower values for standard conductance and total
disselved solids than do their counterparts on the west side of the river.
The large pristine Takes within the park are commonly referred to as sinks
which trap many of the biologically important chemical constituents of
water.

The North Fork itself is characterized by Nunnalliee (1976b}as having
a mildiy alkaline bicarbonate water with low nutrient leveis; phosphorus
concentrations are frequently below the Timits of detectability. Values
for specific conductance were found to range 30 percent annuaily around
a mean of 205 micromhos-cm=1, total dissolved solids average 155mg-£-1
and alkalinity ranges between 65 and 129mg-L-1 as CaCoj.

Information concerning the water guality of tributaries to the Middle
Fork is virtually nonexistent with the exception of McDonald Creek {Table 3).
Two sets of data exist {Nunnallee 1976 and Flathead Drainage 208 Project
1976) whHich allow direct comparison between North and Middle Fork physio-
chemistry at points near their confluence. The chemical and physical



Tabie 2, Sources of information concerning water gualityv of the North Fork
of the Flathead River and its tfributaries

Number

mplig

Sampiing station Year{s} dates Information socurce

River at Columbia Falls 1972 & 1973 15 Nunnallee {(1976a)

River at Polebridge 1975 & 1976 iz Flathead Drainage 208
Project (1976}

River at Polebridge 1978 & 1979 11 Stanford et al. (1979}

12 tributaries within 1675 & 1976 £2 Flathead Drainage 208

Flathead Ntl. Forest Project (1970}

Whale Creek 1977 6 U.5. Forest Service records

Whale Creek 1678 (2 stations} 5 1.8, Forest Service records

Whale Creek 1979 {2 stations} 4 U.S. Forest Service records

Red Meadow Creek 19?8 7 .5, Forest Service records

Red Meadow Creek 1979 (2 stations) B U.5. Forest Service records

Big Creek 1978 & U.8. Forest Service records

Big Creek 1979 {(Z stations) 8 .8, Forest Service rscords




Table 3. Sources of information concerning water quality of the Middle Fork
of the Flathead River

Number
sampling
Sampling station Year(s) dates Information scurce
River near West Glacier 1972 & 1973 15 Nunnallee (1976)
River near West Glacier 1973 & 1976 i2 Flathead Drainage 208
Project (1976)
River at Walton 1978 & 1979 17 Stanford et al (1979}
River at Schafer
Meadows 1977 & 1978 4 Montana State Dept. Health
McDonald Creek 1977 2 U.5. Fish and Wildlife
Service (1977)
Mchonald Creek 1978 & 1979 23 Stanford et al (1977)
Schafer Creek 1973 i Montana State Health Dept.
Schafer Creek 1974 1 Montana State Health Dept.




chacteristics of waters from each drainage are quite similar although
Middle Fork values for standard conductance, total dissolved solids,
alkalinity and hardness are generally 2 o 10 percent lower than those
of the North Fork.

Temperature and Flows in North Fork Tributaries

Monthly summaries of temperature information obtained Tor selected
North Fork tributaries during 1977, 1978 and 1979 are presented in
Tables 4 through 6. Results from 1977 are based on solely maximum-minimum
thermometers checked daily whereas 1978 and 1679 data are from seven-day
continuous recording thermographs or daily maximum-minimum thermometer
readings.

With few exceptions, maximum summer water temperatures in North Fork
tributaries were attained during August. Creeks draining west side of the
river generally reached maximum temperatures of 15-189C {61-660F) and mean
monthly maximum temperatures exceed 100C (50YF} only during the months of
July, August and September.

Bowman Creek represents & typical creek draining a large lake on the
east side of the North Fork and exhibited uniformly higher water tempera-
tures than west side tributaries {(Table 6). Maximum water temperaturss on
east side tributaries exceeded 249C (76°F) as was found in Camas Creek in
August of 1978 (Table 5}. Elevated water temperature in several park
streams draining large lakes presumably accounts for the anomalous presence
of riverine-type benthic invertebrates (Stanford et al 1979) and tolerant
fish species such as the largescale sucker {Cafostomus machochoifus )

(U.S. Fish and Wildiife Service 1977).

Water levels of nine west side North Fork tributaries were menitored
during 1978 and 1979 via placement of permanent gauges at or near the point
where creeks cross the North Fork Road. Stream gauges were read weekly and
the resylts are depicted in Figures 3 through 7,  Stream discharges were
measured at high and low water using a Price current meter and the results
appear in Table 7. Current velocity measurements were taken at 0.4 of the
total depth (from the bottom) at two-foot intervals across the channel of
large streams or at four equally spaced points across small tributaries.

At the present time gauge height readings can not be transposed to
discharge values due to a lack of discharge data during periods of inter-
mediate flow. However, the gauge height information does appear to adequately
represent seasonal flow fluctuations. The water levels of most tributaries
rose rapidly in April, attained maximal values between mid-May and mid-dJdune
then declined swiftly to relatively stable levels by August |} (Figures 3
through 7). This pattern agreed closely with flow curves presented in Delk
{1972) for the North and Middle Fork Rivers. Gauge height readings also
indicatethat 1978 flows were higher than those of 1979 (Figures 3 through 7).

Autumn discharge data for most of the larger Canadian tributaries to

.—EQ_
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is important 1o npte that
ks (39.6¢fs) constitutes
Fork {130.5¢fs} at that point.

to the North Fork are presented in Table 8, I
the combined discharge of Cabin and Howell Cre
nearly gne-third of the total flow of the a?uh
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Fish Species

There are at least 22 fish species present 1n the Flathead River upstrean
from Flathead Lake and in Flathead Lake (Table 9). Several coglwater fish
species have been introduced into the drainage and have maintained populae-
tions in sloughs along the lower river and to some degree In Flathead Lake.
Possibly the most important introduction was kokenee salmon {Oncorhynchus
nerka} officially pzaﬂted in Flathead Lake in 1935, However, introductions
may have been as early as 1916 {Hanzel 1970}

The most common species in the HNorth and Middle Forks of the Flathead
River are native and include bull trout (Safvelinus confluentus), westsiope
cutthroat trout (Safme clanki Lewisd}, mountain whitefish (Prosoplum
williamsond}, stimy sculpin {Coffus cognatus) aﬁé mottled sculpin {Cotius
baindd). Largescale suckers (Catostomuis mache Lﬁaﬁé} have z2iso been
collected in large numbers in some streams. usck&r fry were coliected in
several side channels to the North Fork as far upstream as Red Meadow Creek
during July and August, 1979. However, no suckers were collected in three
nights of electrofishing in the main river during July 1979. Suckers con-
centrate in the lower ends of some streams draining large lakes from Glacier
National Park, probably related to the warmer temperatures.

Kokanee salmon are abundant in the Flathead River from September
through November and create a popular snagging Tishery (Hanzel 1977). Con-
centrations of kokanee were alse observed this fall in the North Fork near
the mouths of several streams draining Targe Takes (S. McMullin, MT. Dept.
of Fish, Wildlife and Parks, personal communication). A large run of kokanee
occurs in McDonald Creek,downstream from McDonald Lake, each fall and kokanee
also spawn in springs at Nyack Flats on the Tower Middle Fork. Survival
of kokanee eggs 1s dependent on the minimum water temperature during incuba-
tion. Those eggs which hatch successfully will obviocusly produce fish which
wiil home to the areas as adults to spawn again.

Bull trout are widely distributed in the Flathead River drainage and
are an important troshy sport fish., Most of the 1ife history data presentiy
available on this fish is for the coastal Dolly Varden and is not necessarily
usefuyl for comparison in this drainage. The question of taxanomic classifi-
cation of the bull trout or Dolly Varden has resurfaced. C{avender (1978)
determined through comparisons of morphometric, meristic, ostecological, and
distributional information that the species, Salvelinus mafma (Walbaum)
should be split into two species S, malma and 5. conflfuentus . Salvelinus
mafma  would be called Dolly Varden, at Teast officially and 8. confluentus
the bull trput. Such a change is proposed by the 5mériagﬁ Fisheries Societly
{Reeve Bailey, University of Michigan, personal communication in 1979 .



Table 8. Discharge and location of several Canadian streams in the
North Fork drainage on September 27, 1970,

Drainage - location River kilometers Discharge(cfs)
McLatchie Creek 155 6.4
North Fork below MoLatehie 158 9.1
Scruaw Cresk 156 5,0
Pollock Creek 148 2.6
Harvey Creek 136 2.3
Howell Creek 108 22.4
Cabin Creek 111 11.2
Confluence of Cabin and Howell 111 .6
North Fork helow Cabin and Howell 108 130.5
Cauldrey Cresk 101 - 18.3
Sage Creek 92 2.2
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Table © A 1ist of fisgh speciesn in Hlathead

o e i

Lake and Flathead River

upatream from Flathead Lake and their relative abundance:

C ~ commen, U - uncommon, and R - rare,

Abundance

Flathead Fiathead

Fish species River Lake

Cutthroat trout
Westslope {Zalmo clarki lewisi) C ¢
Yellows®tone {2almo olarki bouvierdi) B R

Bull trout {Salvelinus confluentus) ® C
Reinbow trout (Salmo gairdneri) I R
Brook trout {(8alvelirnus fontinzlis R R
Take trout {Salvelinus namayﬂush} R y s
¥okanee {Onecorhynchus nerka ) Sl C
Take whitefish (coregonus clupeaformis) C* C
Pygmy whitefish {Prosopium coulterdi) % o
Vountain whitefish (Prosopium willismsond) C 4
Arctic grayling (Thymallue arcticus) R -
Silimy sculpin {Cottus cognatus) C B
Shorthead sculpin {Cottus confusus) 7 -
Mottled sculpin (Cottus bairdi) & -
Longnose sucker (Catcstomus catostomus) U C
lLargeacale sucker (Catostorms macrochedlus ) C C
Peamouth (%ylocheilus caurinug) c C
Northern squawfish (Ptychocheilus oregonensis) C C
Northern pike (Esox lucius) BEC "
Redside shiner (Richardsonius baltestus) R%; C
Largemouth bass (Micropterus salmoidea) R 5]
Pumpkinseed (Lepomis gibbosusg) RE// R
Yellow perch (Perca flavescens) Ré( c
Rlack bullheads (Tetalurus melas) Réf E

1/ -,

«/ % yefers to seasconzl abundance

2/

= cpmmon in some sloughs along the lower river



Major differences between S. mafma and 5. confluentus were in the cranium
and are possibly adaptations to their different food and feeding habits
(Cavender 1978). S. confluentus, primarily a freshwater species, is more
predacious than its coastal, anadromous counterpart. The bull trout is
widely dispersed east and west of the Continental Divide in Canada, although
its distribution east of the Divide is Vimited to the Saskatchewan River
drainage in Montana.

Westslope cutthroat trout are also distributed widely in the Flathead
River drainage and provide a summer and fall fishery in the rivers. Behnke
(1979) presents a good review of information and status of the westsTope
cutthroat. Westslope cutthroat trout are found both east and west of the
Continental Divide through northern Idaho, western Montana, southern Alberta
and part of British Columbia and Saskatchewan {Behnke 1979), The natural
range of the Yellowstone cutthroat (S.c. bouvieri) is the Yellowstone River
drainage, northern Wyoming and the upper Snake River drainage.

Yellowstone cutthroat have been introduced in the Flathead River drain-
age and are present in several Jakes. Limited hybridization has been found
between S. ¢. fewisd and S.c. bouvieni (L. Marnell, personal communcation
Glacier National Park, 1980). Yellowstone cutthroat were seldom collected
by Department personnel inNorth Fork tributaries. In the remaining text
every reference to cutthreoat trout is to S.c. fewdsd unless otherwise stated.

Little is known about specific aspects of sculpin 1ife history, habitat
requirements and population dynamics in the Flathead River system. Taxono-
mists disagree on species identification in the drainage as well. Measure-
ments were made on preserved field specimens collected in the North and
Middle Forks and their tributaries. Twenty measurements were taken based
on key characteristics described in the Iiterature (Bailey and Bond 1963,
Brown 1971, McAilister and Lindsey, 1959, McAllister 1964, Scott and
Crossman 1973). Results will be compared with different phenological
characteristics observed on live field specimens. Preliminary data indicates
that three species may occur in the drainage including Coftus bairdi (mottled
sculpin), C. confusus (shorthead sculpin) and C. cognatus {s1imy sculpin).

Bailey and Bond (1963) report that C.baind{ do not occur west of the
Continental Divide; however, Simpson and Wallace (1979) report that they
occur on both sides. (. confusus is reported to occur only west of the
Continental Divide and were first described by Bailey and Bond {1963), but
previously described only as Cotfus sp. by McAllister and Lindsey (1961).
C. cognatus is widely distributed in northern North America and exhibits
more morphological variation than C. baird{ [(McAllister 1964).

It has been difficult to differentiate between C. bairnd( and C. cognatus
and no single measurement could be used to differentiate the fwo species.
It was even more difficult to differentiate between (. baiad{ and C.oconfusus
and most measurements for C. confusus were intermediate to those of the other
two species. Work is continuing on species identification.
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Land Use Patterns

Land use patterns differ significantly between the Middle and North
Fork drainages of the Flathead River. While both forks are designated
Wild and Scenic, the Middle Fork is currentiy less prone to exploitation.
Of the 325 kilometers of Middle Fork river frontage, 146km (45%) lie in
wilderness areas, 72km (23%)front Glacier National Park, 67km (19%) Tie
along non-wilderness National Forest and 43km (14%) are privately owned
(USDA, Forest Service 1974}, In theory then, a maximum of 33 percent of
Middle Fork frontage land could possibly be su-jected to Togging or other
commercial development.

At the present time most development on the Tower Middle Fork is in
the West Glacier and Nyack Flats areas, with most logging occurring on the
Jower ends of tributaries draining the Flathead range between Essex and
the John F. Stevens Canyon. In the upper Middle Fork, logging activities
have occurred on the upper Twenty Five Mile, Granite and Morrison Creek
drainages (Figure 2).

Although the entire 92km of the east side of the North Fork is pro-
tected by virtue of its being part of Glacier National Park, the west side
is subject to heavy use. Over one-half the west side frontage is privately
owned with the remainder being property of the State of Montana or part
of the Flatheed National Forest. The two major forces acting upon the
North Fork today ave logqging and private non-logging development. Although
lands immediate to the river are spared these impacts, those away from the
banks are not.

Mountain pine beefle infestation of lodgepocie pine has accelerated
timber harvest throuchout the Novrth Fork, During 7978 more than 90 miilion
board feet of timber was harvested in Canada and cutting on the U.S. side
of the border amcunted to over 50 miilion board feet by all ownerships
combined (Ahner, 1978). Much of this salvage cutting is taking place in
Tower elevations along major stireams where important fish and wildlife
habitat can be affected. United States Togging interests have increased the
harvest rate for beetle-kiiled timber in spite of the fact that the U.S.
Forest Service Multipie Use Plan for the Horth Fork Unit (1974) calls
for more conservative cutting rates. Seventeen million board fest of timber
is scheduled to be removed in the Ketchikan Creek avez of the Trail Creek
drainage alone during the next two years. According to the State Forestry
report most large scale removal cof lodgepcle in the U.S. should taper off
by mid-1980; however, large scale species cutting of Todgepole will continue
in British Columbia for the next several years {Ahner 1978). A Final
Environmental Assessment Repori concerning the treatment of the beetle
epidemic in the Flathead National Forest has been published recently (USDA,
Forest Service 1979).

Exploration of the Cabin Creek area in the Canadian portion of the
North Fork (Figure 8) during the early 1970's identified economic reserves
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of 132 million tons of high grade coal suitable for use as a coking

coal in the production of steel {Montana Dept, Netural Resources and
Conservation 1977). In the process of wmining this coal, the Sage Creek
Company Ltd, proposes the establishment of two open-pit mines, the creation
of a new hill in the Cabin Creek VYalley and the 2limination of the Cabin-
Howell Creek confluence by diverting the latter. The Company alsc proposes
the construction of an on-site coal preparation piant and upgrading the
present road system to transport the predicted 1.5 million metric tons

of coal produced annually fo a nearby vraiihead. The potential impacts of
the proposed project on Flathead Basin water guality and on the spawning
and rearing success of migratory saimonids are numergus.

Subdivision of North Fork land is prebably increasing more rapidily
than on lands along the Middle Fork. Combine’ effects of subdivision and
increased timber harvest can have a severs impact upon the watershed and
points to the necessity for instream Tlow reservations to protect fish and
wildlife habitat.

0i1 and gas leasing and recreational use affect both the North and
Middie Forks. 011 and gas exploration has progressed move rapidly in
the North Fork due to its non-wilderness status, but 1t is becoming increas-
ingly apparent that wilderness classification dees not include blanket
protection to an area from such exploration and development.

Both the North and Middie Forks provide sextensive opportunities for
the popular sport of rafting which thrives in the West Glacier area during
the summer months. During normal flows the North Fork is floatable for
most of the summer {Delk 1972) whereas a popular float on the upper Middle
Fork starting at Schafer Meadows becomes marginal in mid-July as runoff
rapidly subsides. A preiiminary draft of the Flathead Wild and Scenic
Management Plan has been recently published by the Forest Service.

METHODS

Eilectrofishing

Various methods of electrofishing were used during the past season. In
March and Apriil, shocking was conducted at night in the lower Flathead River
with hoat-mounted electroshocking gear. The target species ai this time was
upstream migrating westslope cutthroat spawners. Fish were helid in a live
car after capture. Lengths were measured to the nearest 2.5mm, scales were
taken below the dorsal fin and above the lateral line, and Floy anchor tags
were placed in Tish over 25.0cm. Boat shocking generally reguired three
people, a boat operator and two netiers.

On the Targer North Fork streams such as Trail and Red Meadow Creeks
electrofishing involved the use of shore or boat-mounted gas generator
and two hand-held electrodes. Fish collected in these tributaries were
usually juvenile westsiope cutthreoat and buill trout less than 30cm.

- 28 -



At least five people were needed for this operation. In small tributaries,
two meters or less in width, such as Langford Creek, a gas-powered back-
pack shocker was utilized. This lighiweight and maneuverable shocker was
effective in smaiil channels and only two people were required for this
operation.

Electrofishing during 1979 served several purposes. Large numbers
of fish could be collected and marked either by cold-branding or fagging.
By periodically shocking the same sections of stream distribution and
movement of juvenile Tishcould be studied. Tor example, five sections were
sampled on Trail Creek. Lach was shocked on three separate occasions in
19795 mid-April, late July and mid-October, Scale samplies were taken from
most westslope cutthroat and bull trout for age-growth calculations. FElectro-
fishing was also used in conjunction with snorkeling. After a section was
snorkeled a crew came in to compare the velative effectiveness of each
census technique.

Underwater Fish Census

Underwater observations of fish have often been used for studying the
behavior and density of fish [particulariy salwonids) in streams. In streams
Tike those in the upper Flathead River drainage, low conductivity and high
water clarity limit the effectiveness of electrofishing. Many researchers
have thus resoried to taking underwater counts of fish populations using
a single observer (Keenleyside, 1962 , Reed 1967, Pollard and Bjornn 1973,
Everest and Chapman 1972}. The reproducibility and reliability of such
counts was assessed for large sireams by Northcopte and Witkie (1963) and
for smaller streams by Graham and Seckulich {in preparation).

Representative sections of stream, 120 to 150m Jong, were selected
and fish were counted in each habitat type {pool, viffle, run) by a single
observer. OCbservers wore a wet suit, snorkel and diving mask and counted
fish while pulling themselves upstream. Movement upstream was preferred over
downstream movement because of increased control of movements and the elimi-
nation of bottom disturbances which may alter fish behavior. Location of
the observer depended on the width and configuration of the site.  Sites
more than 10m wide were usuaily counted on two passes, one along each bank;
the observer looked toward mid-stream on each pass. In sites less than 10m
wide, counts were made on one pass. When such sites had 3 symmetric stiream
bottom and were shallow, the observer positioned himself at mid-stream and
counted fish while looking alternately toward each bank.

Good concentration and peripheral vision were essential when fish
numbers were large or when the cobserver's view was obstructed. 1f the site
was deep on one side, the observer positioned himself on the shallow side
and looked toward the deeper water. Slight modificaion of these procedures
were necessary when Tish were hidden by water turbulence, boulders, log Jams,
algae mats or undercut banks.
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Size groups of fish were used o assess the abundance of each age
group. Size groups were determined from age and growth and length fre-
gquency analysis. Length fregquencies of juvenile bull trout were relatively
discrete (Figure 9). Age 0 fish ware those under 50mm, age [ fish were
from 50 to 90mm, age 11 fish were from 90 to 140mm and age III and older
fish were over 140mm. Mature adults were over 400mm. Length frequency
analysis of juvenile cutthroat trout did net show as distinct a break
between age 1l and age I1I1. Age 0 fish were under 40mm, age I fish were
from 40 to 70mm, age IT Ffish from 70 to 130 and age III and older fish
over 130mm,

Stream Trapping

Fish trapping was conducted during the field season of 1979 to
monitor upstream and downstream movements of juvenile and adult bull trout,
cutthroat trout and mountain whitefish., Upscream and downstream traps were
placed in Trail and Red Meadow creeks and downstream traps were placed in
Hay Creek and the North Fork River {(Figure 107}.

Low water enhanced the trapping conditions this past summer although
there were the usual sroblems associated with heavy rainfall and leaf bulldup.
Trapping efficiency improved due to low water conditions and the fact that
a smalier-sized wire mesh {13mm square) was used for trap Teads compared
to Zomm square mesh used in previous years.

Tag Returns

Fish tag return information from 1951 to the present has been put in
computer storage. These include data from several studies {Block 1954,
Johnson 1961, Hanzel 1966) as well as tag returns from Canadian Fishery
Studies. Fish have been tagged with individually numbered plastic jaw tags
and Floy anchor tags. Returns have largely been from anglers.

A computer program developed by Graham et al {1980) facilitated sorting
the large numbers of tag returns. Data can be sorted by: 1) species, tag
type and color, 2.a) species and locatien of tagging {river and river mile
interval) and time of tagging {month and year interval), 2.b) species and
focation of tagging only. 3.a) species, location of recapture and time of
recapture, 3.b) species and Jocation of recapture only, and 4) specific
fish by tag type, color and number. The program also calculates distance
and direction a fish moved between tagging and recapture locations in one
oy more rivers.

Redd Measurements

Ten major drainages were surveyed for bull trout redds in the North
and Middle Forks during October 1979, Redds were counted and the following
parameters measured: length, width, depth, distance to nearest cover and
location in the stream. Depth was measured at the approximate level eggs
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would be Jocated in the redd. Five uravel samples from bull trout redds
were collected, thoroughly dried and run through a series of graduated
sieves to separate particle size, Using either a Pvgmy or Price current
meter, velocities were determined at the head of a redd. Velocities were
determined proportionally 0.4 of the distance from the stream bottom.
Areas of numerous redd sites were noted on topographic maps and compared
with previous year's findings. An overall index of spawning bull trout
distribution and concentrations will result from annual surveys in the
upper Flathead drainages.

Habitat Evaluation

Existing stream habitat was inventoried using a modification of a
system developed by the Resource Analysis Branch of the British Columbia
Ministry of the Envivonment which has been used in the Canadian portion of
the North Fork drainage. It draws upon multidisciplinary knowledge in
attempting to describe the various biological and physical factors which
interact to form the environment of a particular reach of stream.

Drainages were partitioned intc one or more reaches. A reach is de-
fined as a segment within the drainage having distinct associations of
stream habitat components. Stream gradient was usually the overriding
factor considered in reach delineation as slignt gradient changes (on the
order of tenths of one percent) were found to noticeably alter channel
morphoiogy and bed material composition.

Reaches on a1l Middle Fork and some North Fork tributaries were
identified by survey parties consisting of two or three persons traveling
down the stream on foot. During the latter part of the summer, two North
Fork drainages (Big and Coal creeks) were surveyed by helicopter prior to
ground surveys. Tnis method was a rapid and effective means for delinea-
ting reaches and identifying important stream features such as mass
wasting areas, zones of debris accumulation, avalanche chutes and notential
barriers to fish migration. Important stream features and representative
portions of each reach were later checked by ground crews., Representative
sections of reaches vary from 1 to 4km in length depending upon the length
and uniformity of the entire reach. Discharge was measured using a Guriey
Pyamy current meter.

A habitat inventory card was compieted by survey crews for each reach
or portion of reach surveyed (Figure 11). The extensive abbreviation sys-
tem developed by the Canadian agency aliows a large amount of information
and commentary to be effectively recorded on the compact water-resistent
cards. Virtually all of the important physical and biological components
of the stream are addressed. Major headings include bed materials, stream
hydraulics, channel configuration, channel cover, gradient, riparian vege-
tation, debris load, pool classification, percent poci-riffie~-vrun, bank
texture, stream features, substrate embeddedness, abundance of stream biota
and fisheries observations. Field personnel carried a 36-page glossary
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of terminology published by the Resource Analysis Branch o aid in
completing the cards. One significant addition by our group to the
Canadian system was the pool rating scheme outlined in Table 10, which
is currently being used in Forest Service stream inventories in the
Kootenai National Forest. We also included imbeddedness of bed material
which is thought to be & particularly important factor in riffie areas.

Fish populations within reaches were sampled by either electrofishing
or snorkeling one or more representative sections as described elsewhere
in this report. A limited preliminary statistical analysis consisting
of simple linear correlation and muitiple regression was conducted using
only North and Middle Ferk snorkel transeci information. Relationships
between several basic habitat characteristics (peool class, stream width,
average depth, surface area, volume, transect elevation, reach number,
reach gradient, and width:depth ratic) and the density and abundance of
specific age groups of cutthroat and bull frout were tested. A program
entitled "MREGRESS” in the Montana State University Statistical Analysis
Package (MSUSTAT) was employed in all cases. Electrofishing information
was not utitized in the analysis as the degree of comparability between
snorkeling and electrofishing results has not yet been clearly defined.

Age and Growth

Juvenile westslope cutthroat and bull trout were collected using
stream electrofishing equipment and traps. Fish were handled and data
collected as described in a previous section. Scales were taken between
the lateral 7ine and dorsal fin on all fish or a larce representative sample
of fish during each collection. Cellulose acetate impressions of all
scales were examined at 67 X magnification.

To obtain back-calculated lengths at annulus, a curvelinear equation
was used to describe the total length:anterior scale radius relationship,

L = k + nnS where:

total fish length

total scale radius
intercept on the ordinate
sTope

o R T T
HE

it

This equation expressed the relationship as well as, or better than, the
linear equation {method 2 in Tesh 1971} for both species. The relationships
for each species were:

5.2 + 3.3 IuS RZ = .74

6.26+ 3.8 IS RE = 69

il

westslopecutthroat trout L

H

bult trout f

Lengths of young-of-the-year fish collections and length frequency analysis
of juvenile bull trout agreed closely with length at annulus estimates. A
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Table 10,

on North and Middle Fork

during

Pool rating system used in habitast inventories conducted
Fiathead River tributaries

Parasmeter Description Points

Area The length oy width of the pool 3
is much larger than the average
strean width
The length or width of the pool 2
is nearly egual to aversge stream
width
The length or width of the pool is i
much smaller tharn the ave
stream widih

Depth The deenest part of the pool is 3
greater than three feet deep
The deepest part of the pocl is Z
two to three feet desp
The deepest pari of rhe pool is i
less than twoe feet desp

Cover Abundant cover 3

Partial cover

Exposed

Total points Pocl classe

- R

G
7 = i
4

i

L

it
[AEES R

Lad
i

1/

= The tetal of five pointe for class 3 pools must

twe points for depth and two points for cover.
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random collection of otoliths yerified the aging of juvenile bull trout
with scales. Analysis of juveniie cutthroat trout data was more compiex.
In 1978, the predicted fish lengths for each age group were quite variable.
Insufficient data was available to assess fish growth using length fre-
quencies. In 1979 we sampled intensively for young-of-the-year cutthroat
trout in tributaries to the North Fork., Samples from fry collected Trom
Tate July into September ranged from 23 to 60mm in fength. The average
Tength of fry collected in late fall, early spring arsi and over winter was 46mm.
Three fry collected from Langford Creek in the North Fork on December 12,
1979 were examined for scales, They were dyed in a sclution of KOH and
Alizarine red. Small scales were observed on the lateral line and on the
caudal peduncle of two fish, both 38wm Tong, 7 third fry, 43mm long, had

a few small scales dorsal to the Tateral Tine. Brown and Bailey (1952)
found that scales did not form on the body aresa we were sampling until the
fish were 50 to 63mm long for Yellowstone cuitnroat trout.

In assessing our collection from 1979 |. was determined that 69 percent
of the fish examined were missing their first annulus. The smail size of
the cutthroat trout at the end of their first growing season was due in
part ot late emergence, slow growth, a short growing ceason or some combina-
tion of these factors. At the end of the growing season the scale either
has not formed or is too small to show the siow cver-winter growth. This
occurs in other populations of westslope cutthroat as well {(Johnson and
Bjornn 1977, 5. Oliver, personal communication, B.C. Fish and Wildlife,
Cranbrook, 1979).

Taking scales from the caudal peduncle, the area where they first form,
reduces the chance of fish having a missing annulus (B. May, Montana Fish,
Wildlife and Parks., Libby, 1979). Future collections will be made from
that area; however, for this study only those fish with a distinguishable
first annulus were used to estimate Tenoth at age I.

Because scales were generally small or lacking for young-of-the-year
and age I fish, both Tinear and curvelinear estimates of a Jength:scale
relationship were variable in estimating fish length under 60mm. The
curvelinear relationship under-estimated by less than 20 percent the
average size of cutthroat trout fry collected in late fall and winter and
age [ trout collected in the spring. The linear relationship over-estimated
their lengths from 30 to 100 percent.

Food Habits

A cursory ook at food habits of fishes in the North Fork drainage was
conducted during 1978 and 1979. Stomachs were taken from juvenile bull
trout, juvenile as well as adult resident westslope cutthroat trout, some
mountain whitefish and sculpin. Spring and fall sempling was made using
electrofishing, while summer samples were collected using electrofishing
and trapping mortalities, Stomachs from the base of the esophagus to the
pyiorus were placed in labeled vials of either 10 percent formalin or
plankton preservative.
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Preserved stomachs were empiied and analyzed in the lab. A1l contents
were jdentified, counted and volumes measured. Insects were identified
to order and many to family. OUrder classifications were used in analysis
for the sake of consistency. Insect head capsules were counted to determine
numbers. A 50 miitiliter self-zeroing buret was used and volumes were
measured by displacement with any volume Tess than .05ml assigned to a trace
value of .01. Data was organized by drainage, species and, where sample
sizes permitted, by season.

Although no baseline insect studies were conducted simultaneously,
some earlier insect information is available through the Flathead 208 Study
(1976). Unfortunately.insect availability and food preference of fish
could not be compared using existing data. :

Stomach contents arve expressed in perceast number, percent volume, or
frequency of occurrence. Severa! authors have combined two of these values
in an effort to reduce the bias of any single method (Tester 1932, Bogorov
1939, Prozhnikev 1955). Recently an index of Relative Importance (IRI) was
developed. It combines values from all three analytical tehcniques into
an arithmetic mean ranging from T to 100. An IRI value of 100 indicates
exclusive use of a food item.

Energy analysis was expressed for each food item as a percentage of
the total caloric intake. Total calories were calculated by multiplying
the percent volume of each food item by the rate of digestion and caloric
value {Alexander and Gowing 1976, McMullin 1380). Caloric values were
taken from condensed charts (McMullin 1980, Alexander and Sowing 1976)
derived from a recent publication {Cummins and Wuycheck 1971).

Upper Middle Fork Creel Card Survey

A voluntary creel card survey was designed and implemented during
the summer of 1979 to obtain information concerning angler utilization of
the upper Middle Fork fishery. Card distribution stations were established
in earty July at the Twenty Five Mile Creek traithead (USFS Trail 159),
Granite Creek traiThead (USFS Trail 1566}, and at the edge of the Great Baar
Wilderness Area near Bear Creek on the Big River Trail (USFS Trail 155).
An additional station was installed at the Schafer Meadows airstrip in
early September,

Two types of self-addressed postage-paid creel cards were used in the
survey. Card type A (Figure 12) was designed primarily for obtaining
information on a dajly basis whereas type B {Figure 13) was intended for
use when trips were in excess of one day. Both types of cards were avail-
able at the Bear Creek Station, type B was suppiied at the Twenty Five Mile
Creek traithead and type A was available at the Granite Station. In addition,
type A cards were supplied to Joe Harper (Wilderness Guard -- Hungry Horse
Ranger District) and Don Hauth {Wiilderness Ranger -- Spotted Bear Ranger
District) who distributed them during the course of their normal duties
within the Middie Fork drainage. Cards were corner-clipped to indicate
origin.
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Numbered tag, MONTANA DEPARTMENT OF FISH, WILDLIFE AND PARKS
Fa o o FLATHEAD RIYER BASIN CREEL CENSUS

Note tag eolor & #, brand symbol
fin clip {fishes' right or left) Area Fished

Number of Anglers

Number of Anglers Catching Fish Angler Residence

I caught the following fish today:
{Temim, State)

FiISE KEFT FISH RELEASED
HO, | Tag Identification 0, | Tag Identification
i

SPECIES

Cutthroat Trout

-bolly Varden (Bull Trout)
Whitefish

Others:

My fishing was by Baat Shore Both

1 fished during tbese hours {Circle hours fished) Total twurs Cished

Midnight <& a.m, =3 Neon & P& 3 Midnigit

1212 3 4 5 & 7T 8 % 10 3 12 1L 2 3 45 6 78 9 10 11 12

Figure 12. Type A creel card used in the voluntary

creel survey conducted on the upper Middle

Fork during 1979
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OXE CARD PER CROQUP
rad tag
B, o B

i

LOO" FOR ANY OF THESE HARES:
Erand 2

HONTARA DEPARTMENT OF FISH, WILDLIFE AND PaRrs

MIDDLE FORK FLATHEAD RIVER CREEL CENSUS

%-\_\
Hiaging fin~
tote Laz coler 4 #, bramd s¥mbol
fin ¢lip :fishes’ right or lefi) Datais! of frip
Number of anglers in party CIFCLE GROUT RESIDENCE STATUS:
Kumber who caught fish ALl Mt. residents ALl nonresidents Mixed

Numbar of days in trib

- e Total hours fished by group during
CIRCLE DAYS FISHED:
- To— trip {approx.i

S M T W T B 2

T {we! handlec . - following fish during the trip:
A SPECIES ¥ FISH EEPT ¥IEH RELEASED

0. Size Hange {inches, HO. Sizg Fange (inches)
Cutthreat treut
Dolly Varden [bull Lrout’ -
Whitefish o T
Gther: o T
Hy (our) fishing was by Boat Shore Both

CIRCLE AREA{S) FISHED:

Hiddle Fork above Schafer #iddle Fork balow Schafer Middle Fork tributaries Gther

Figure 13 . Zype B creel card used in the voluntary
creel survey conducted on the upper

Middle Fork during 1979.
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RESULTS

Trapping

A combined total of 2,695 bull trout, cutthroal trout, grayling
and mountain whitefish were caught in the traps. Results of 1979 trapping
efforts are compared to previous years in Table 11. A1l fish were marked
with either tags, brands, or fin clips. Trapping results from Trail and
Red Meadow creeks are shown on Appendix A, Figures 1 throusgh 6. Because of
the small sample size and short trapping perica, graphs were not presented
for Hay Creek or the North Fork traps,

A partial trap was installed in the North Fork on September 19 and was
removed on October 12. Total catch was 22 ¢ tthroat trout (112 - 193mm),
4% bull trout (140-25Tmm}, and 102 mountain whitefish (122-185mm}. Down-
stream migration of juvenile trout appears to occur throughout the summer
and into the fall. The Hay Creek trap was installed on July 2 and was re-
moved on July 24. Total catch was 57 cutthreat {197-218wm) and 3 bull
trout (145,211 and 188mm). Fyke nets and minnow traps were used in several
tributaries during the high water period from late May to mid-June without
results.

Bulil Trout

Size and age classes of juvenile bull and cutthroat trout migrating
out of Red Meadow and Trail creeks have been compiled {Figures 14 and 15).
The majority of emigrating bull trout were age II and III. Comparisons
between Red Meadow and Trail creeks show that fish larger than 152mm
(mostly age II1) made up the largest percentage of emicrating bull trout
in Red Meadow Creek whereas fish smaller than 152mm({mostiy age I1I1) made up
the largest percentage of emigrants in Trail Creek. Growth rates of fish
collected by electrofishing were similar in both creeks.

The predominance of larger fish emigrating from Red Meadow Creek may
be due in part to the low water year in 1979, Holding capacity for larger
fish may have been reduced by a larger proportion than in Trail Creek
because of its smalil size. Burns {1971} believed that the amount of living
space limited density of young-of-the-year salmonids in streams he studied.

The small percentage of larger bull trout emigrating from Traii Creek
during the summer may be a result of a Tack of suitable overwintering
habitat for larger fish in Trail as compared to Red Meadow Creek. Results
from stream electrofishing samples revealed that 20 percent of the bull
trout were larger than 120mm in the summer and 12 percent were Jarger than
140mm in October. However, in spring sampling only two percent of the buil
trout were larger than 140mm {Figure 16}. Other researchers have observed
downstream movements of salmonids in the fall and suggested they were seeking
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Table 11. Trap catch of emigrating bull trout and cutthroat trout in the
North Fork drainage during 1976,77,78 and 79 represented by
number caught and percentage of each species in the total
juvenile catch for each trap site.

Total number Percent Total number Percent
Creek vull Erout. huil frout cytthroat cutthroat
1976
Big 0 0 3 g
Coal 19 4z 26 58
Cvclone ] O 4 0
Logging 1 14 6 86
Moran 0 0 0 0
Akokala ] G 30 100
Red Meadow 7 5 10z 95
1977
Big 79 39 129 62
Loal 53 9 535 91
Red Meadow 21 18 98 82
Whale 100 48 109 52
Trail 157 ) B3 35
Akokaia z 1 361 9%
River traps 145 61 227 39
1978
Camas ] 4 25 1)
Anaconda 1 43 4 57
Ford G § 3 100
Starvation 47 57 33 48
Kishenehn * - - 34 -
1979
Hay 3 5 57 a5
River trap 4] &5 22 35
Red Meadow 185 27 495 73
Trail {reek 313 3 416 57

* Kishenehn Creek did not have a downstream trap: these fish
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5 Fish Length cmm: Fish Lenath tmm>
7699 102124 127-150152-178 uawamizoawzg!ﬁ ¥7'6—99 amz;@ 127180 152175 178-201 203-226
T T T T
n-47 &/27-F/3 q_ng
45 ¥—i82mm ¥ - 188 mm
5 T
15
Srr— i
74710
n-38 n—-i7
45 X130 F-155
15
| —
FINW-7h7
n-52 fi-4
45 -0 T-I57
15
7N3-FE
n-gi - 50
45 %-137 g -i80
15
| I
a/1-8/14
n-286 i
45 ®-127 E-157
15 l !
8/15-8/28
n-43 ' n-29
451 E-i42 -85
15
— i
TRAIL CREEK RED MEADOW CREEK
Figure 14. Percent abundance and lengths of juvenile

bull trout emmigrating downstream through
Trail and Red Meadow creek traps in 1979.

*Consolidated into two-week time periods
due to smali sampie size.
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% Eish Lengths wnm:
2ATE Fepin
' &/27-7/3
45
-8 et
H-132mm H1EEmm
i5 H S
H
/4710
45
187 n=100
130 TABO
15
2
/A A Vi
45
33 -84
%132 168
15
cnen ST : ; —
T/ 1B ~-T/31
45
748 fi=j 4
130 168
5 -
- =8/1~8/14
£
45 n-30 -9
150 132
15
— —
*B/15-8/28
43 B T n-8
T-158 T-l40
5 -
—
* 8/29-9/11
45
’ 1B
T-165
I
TRAIL CREEK RED MEADOW CREEX .
Figure 15. Percentage azbundance and Tengths of juvenile
westslope cutihroat trout emmigrating down-
stream through Trail and Red Meadow Creek
traps in 1975,
*Consolidated into two-week time periods due
to small sample size.
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104

Figure 16.

-354,.Ir.”;lﬁfmmzﬁ.,.af?”v,E{,wﬁiiwgmjﬁtv o o

n-number of fish

Spring Summer Fail

Seasonal comparison by percent and number of age I, Il, and III
and older bull trout collected by electrofishing in Trail Creek
during 1979. Ages were assigned to the foliowing Tength groups:
During fall and spring, a%e 1 (40-68mm), age 1I (68-120mm) and
age 111 and older (>120mm) durana summer, age 1 {50-90mm) age II
{90-140mm} and age III and oider {>140mm).
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suitable overwintering habit larger bed material
{Everest 19693, Bjiovan 1071, atmonids have been
pheerved buryéﬁe theﬁstéves seeking cover in the
debris in pools {(Everest 196 75, Hanson 1977)

Only three adults [686-737mm) were collected in upstream traps in
Trail Creek and six adults [406-559mm) weve caught in the Red Meadow (reck
trap in 1979, The Trail Creek trap was remn in September. In October,
35 redds were counted in Trall Creek but only two were counted in Fed Meadow
Cresk. In 18977 an estimated 84 2duit bull trout entered Red Headow Creek
(Montana Dept. of Fish, Wildiife and Parks 1 79)

Age 11 and T11 cul a larce majority of emigrants from
Red Meadow and Trail cree ?iﬁﬁ in the 152-175mm class made
un the Targest percentage (i i Red Meadow Creek from July
*brngah August (Figure 15 parly .’*_ Fish in the 102-124mm size

roup made up the largest F nts in Traill Creek, but by
ﬁ?ﬁ“ ummeyr the majority o the Targer size classes
(Figure 15}. Growth ra annulus were nearly equal for
cutthreat trout coliect Red Meadow creeks during 1979,

80} found

$ that the majority (86-97 percent) of the
rout emicraling Trom a tributary to Libby Heservoilr

resided two to three vears in the creek. They observed that peak out-
migration of juveniles occurred with the receding high water in June and
July. Traps were Dilaced in most North Fork tributarias near the end of
spring ?gna¥f and @fgba%%y misses the majority of downsiveam migrants.
Seckulich and Biornn{1977) found that summer trap catches of juveniie

-8

in

May and Huston {19
westsiope cutihroat

A
H

chinook were not necessarily good indicators of total outmigration. However,
trap catches in North Fork tributaries are g;e? i1 in ddentifying streams
which progduce adfiuvial and Tiuvial strain of ¢ oat.

.4

{““?* o
Iy
s
”"'3

Adult Cut

Few aduit spawners werse £ oin tream traps in Red Meadow and
Trail creeks. Four spawned-out fish (] 39Tmm) were caught in the down-
stream frap in Trail Creek and one 351mm cutthroat was caught in the down-
stream in Red %ﬂaﬂ@w Creek.  HMay and Huston (1980 found that ﬁe peak of
spawning occurred from mid-May through mid-June and adulis spent two to
four weeks in the stream with late arrivals spending the shay%es% time in

the stream.



Table 12. Age-growth data from downstream trap catches of

juvenile cutthroat trout in Trail and Red
Meadow creeks for 1979,

TiME PERIOD
6/27—7/3

i

percent of total

6/27—7/3
1

X

percent of total

TRAIL CREEX

AGE T+ AGEI+

i

94

40

124

83

RED MEADOW CREEK

i37

1
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AGE IIT+ AGE I+ SAMPLE AGED

7 - 79

173 -

i5 —

46 1 53

168 190
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Fish Tag Returns FISH TAG RETURNS

Since 1952, when tagging was initiated in the Flathead River drainage,
587 tag returns have heen recorded by the Montana Department of Fish,
Wildlife and Parks. The majority were angler returns of westsiope cutthroat
and bull trout. These fish were tagged at one of three general Tocations:
Flathead Lake, the Salmon Hole-Steel Bridge area of the Tower Flathead
River, or in tributary streams to the North and Middle Forks of the Flathead
River. ATl fish were 25c¢m or Targer when tagged until recently when we
began investigating movements of juvenile fish

Bull Trout

The bull trout popuiation in the Flathead drainage is almost entirely
adfiuvial, Tiving in a lake as subadults or adults and migrating into
tributaries to spawn. The migratory pattern of bull trout is similar in
the North and Middle Forks. These fish reside in Flathead Lake, begin
moving up the lower Flathead River in early spring, start to arrive in their
spawning tributaries in Tate summer and begin returning to the lake in the
fall {Figures 17,18 and 19).

Two buil trout tagged in North Fork tributaries traveled downstream
over 193km. North Fork bulis tagged during late summer were often caught
near the same area when they returned to spawn the following year (Figure 17).

A Canadian tagging prodgram was operated from 1976 to 1978 on Cauldrey
and Howell creeks in British Columbia. A total of 213 bull trout were tagged
during this time and 23 have been recaptured. Canadian tagged bulls moved
downstream an average 177km. Eleven traveled over 193km and one moved 224km,
Canadian returns exhibited the same movement pattern as Montana returns
(Figure 20}. There appears to be no resident adult bull trout in the Flathead
River. Nearly all bull trout tagoed in the upper tributaries were recaptured
downstream and all bulls tagged in Flathead lLake exhibited some upstream
movement (Figure 19}. A majority of trout tacged in streams and re-
covered later in the fall or early winter were found in the lake or lower
river. Bull trout tagged in or near Flathead Lake during the spring were
usually recovered in the upper river or in tributary streams. Six percent
of the bull trout tagged in 1979 were recaptured the same year. Table 13
summarizes the bull trout movement data «c¢ollected from the tagging program.

Westsiope Cutthroat Trout

Three basic 1ife history patterns have been identified throughout the
range of westslope cutthroat trout. These patterns are migratory between
lakes and streams, migratory from small tributaries to main rivers, and non-
migratory stocks (Behnke 1979) which we refer to as adfiuvial, fluvial and
resident, respectively.
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Adfluvial westslope cutthroat spawners begin moving up the lower
Flathead as early as February and prohabiy move into tributaries sometime
in April or May. They spend a varying amount of time on the Spawning
grounds and most return to the main river arcund the time of peak runoff,
Block (1955) found spawners in North Fork streams June 17 and Johnson {1963)
felt cutthroat spawning peaked in mid-June. Time spent in the river between
the tributaries and the lake appears quite variable. Studies of cutthroat
in three Idaho streams indicated a movement patiern upstream to upper
drainages in spring and early summer, no movement during the summer and
movement to the lower drainages in the fall {Johnson and Bjornn 1978,
Thurow and Bjornn 1978). Cutthroat tagged and recaptured in the North Fork
during an earlier study all moved downstream or remained near the tagging
location {Johnson 1963). Johnson reasoned that some cutthroat remain in
the North Fork the entire year.

Cutthroat tagged in the lower Flathead and recaptured in the MNorth or
Middle Forks during the same vear {within 6 months} represent the adfiuvial
segment of the population (Figures 21 and 22;. Returns from fish tagged
at the upper ends of the drainages probably represent both fiuvial and
adfluvial portions of the population {Figures 23,27 and 25). Movement of
the downstream migrants can be guite rapid as indicated by the nearly hori-
zontal arrows in Figures 23 and 24. An individual tag return from a cutthroat
tagged in Howell Creek by Candian biologists showed one trout moved to below
Columbia Falls, Montana ( a distance of 112 kilometers) in less than 24 hours.

A number of cutthroat were captured at or near the point of tagging
even after long periods of time as indicated by the nearly vertical move-
ment line {Figures 24 and 25). This could be fluvial or resident segments
of the population. However, most trout tagged in the upper ends of the
drainage exhibited some downward movement. Three cutthroat moved downward
in a surprising pattern. One tagged in Howell Creek, British Columbia, and
another tagged in Trail Creek were captured in Kintla Lake. Another tagged
in Howell Creek, British Columbia, entered Flathead Lake, then moved up
the Swan River east of Bigfork (Figure 23). This return from Swan River
traveled 214 kilometers downstream which is the jongest cutthroat move-
ment recorded for the Flathead drainage.

(ine hundred seventy-nine cuithroat over 25 centimeters in length were
tagged in 1979 and 25 {14%) of these were recaptured. Seventeen of the 179
were tagoced in the North Fork and 5 (29%) of these were caught by anglers.
Although the sample size of trout tagged in the North Fork is smail, twenty-
nine percent return is high compared with most tagging programs {Johnson
and Bjornn 1978, Thurow and Bjornn 1978).

Table 14 displays the movement summary for westsiope cutthroat tagged
in the upper North and Middle Fork drainages.

Mountain Whitefish

The Department of Fish, Wildlife and Parks initiated a whitefish tagging
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program during 1979 in order to derive information on movement, distri-
bution and use of rivers and tributaries in the Flathead drainage. Nearly
700 whitefish over 25cm were tadged and only three have been recovered to
date. Fossible reasons for this lTow return of whitefish include: 1)
analing catchabiiity of whitefish was less than for bull or cutthroat trout,
2) the whitefish population is much Taraer than either trout population, 3)
there is 1ittle or no fishing pressure on whitefish, or a combination of
the above. To betlter assess movements in the future, we plan o compare
relative abundance of whitefish in various sections of the river during

the spring, summer and fall using underwater ccnsus technigues.

Juvenile Trout Movement

Both bull and cuttnroat trout fry appear to vemain in or near
tributary streams and small yiver side channels after hatching. Shailow
secondary tributaries sucn as Cyclone, Langford and Argosy creeks harbor
Targe concentrations of fry. MNumerous fry were collected during a brief
survey of small side channels in the Nerth Fork., Most of these were mountain
whitefish and a few bull or cutthroat frout were also collected. Three
cutthroat redds were found in a side channel near Moran Creek in July.

Juvenile trout spend from one to four growing seasons in the tribu-
taries before movino into the main river. The majority spend two to three
seasons in the tributaries. Attempts have been made to mass mark large
numbers of these juveniles while they reside in the fributaries by fin
clipping and cold brandino. Fin clipping is a short-term marking procedure
since the clipped fin usually regenerates within a vear. Cold branding with
Tiquid nitrogen leaves a permanent mark and was applied on the right side of the
fish between the Tateral Tline and dorsal fin. Individual brands for North
Fork tributaries in 1979 were as follows.

Big Creek AR Whale Creek M
Coal Creek m Trail Lreck WY
Akokala Creek P Howell Creek lo.

Red Meadow Creek @

Brands increased in size as the fish grew, but were difficult to dis-
tinguish on juvenile fish. On at least two occasions, brands were found by
project personnel on juvenile fish in angler's creels. These marked fish
went unnoticed by fishermen. As a result, return information is scarce on
branded fish even though an effort was made for recovery through a partial
creel census along the North Fork during the summer of 1979.

Buring the 1980 field season some juvenile bull and cutthroat trout
will be marked with small fingerling tags in an attempt to better study
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movement and distribution within the river system. These tags have been
used with some success in Washinoton {Lestelle 1978) and Oregon (Korn 1980
personal communication) on fish as small as 7.5om.  Although the tags are
small, they may be more visible top fishermen than cold brands.

Probably the best emigration data on juvenile bulls and cutthroat

that we now have comes from trapping records and electrofishing in
tributaries. This is covered in more detail in the section on trapping.

Redd Measurements

Redd counts can be an excelient indicator of the number of spawning
bull trout returnino to tributaries. When conducted on an annual basis,
these surveys reveal the importance of each *"ributary for spawning and
distribution of spawners within g tributary .nd throuchout the drainage.
Long-term annual monitoring of spawning sites will help identify changes
in trout popuiations including those dus to environmental alterastions.

Previous investigators have reported that bull trout may arrive in
tributaries as early as Auoust and continue arriving until early Hovember
{Block 1955). Tagoing records have shown that mature bull trout were
present in the tributaries as early as the first week of July. One adult
bull trout was seen in Red Meadow Creek on July 5 and some were found in
Trail Creek as early as August. On August % some mature bulls were noticed
in lower Long Creek and 28 were counted in a 2.5 kilometer section of Granite
Creek on August 16. There is evidence fhat bull trout, especially early
arrivals, spend some time in the rivers and tributaries before actuaily
spawning. Eleven adult bulls were counted while electrofishing the North
Fork the nights of July 24-26. A group of 12 to 15 bulls was seen at the
mouth of Kintla Creek when it was snorkeled September 19, Dolly Varden Creek
was checked in early September and no redds were located althouch mature
fish were present. However, in early October, 20 redds were counted in the
same area. Whale and Coal C(reeks in the North Fork and Lodgepole Creek in
the Middle Fork contained the largest number of redds (Table 15). wWhale
and Coal creeks have the highest flows of any streams on the west side of
the North Fork in late summer.

lock (1955) found that the average depth and size of redds was 30
centimeters and 1.5 by 2.4 meters, respectively. Redds were generally
located in areas with medium to coarse gravel, Studying bull trout in
acuaria, Legget (1969} found spawning occurred at depths of 0.73 to 0.84m.
Depth measurements of Delly VYarden redds in Washington State showed a
range in depth of 0.27 to 0.43m with a mean of 3Zcm (Hunter 1973). In recent
surveys, the average lengths, widths and depth of redds were consistent in
both drainages. Redd size averaged .84 by 1.46m and 20cm in depth. The
average distance to cover varied considerably and could possibly be due to
the size of the particular stream (Table 16). Many redds were found in the
same general areas as in 1977 and 1978. In fact, some redds in Whale and
Trail Creeks were in exactly the same location as in previous years. Block
(1955) also observed this in Trail Cr Wnile definite concentrations of

io
eek,
redds existed in certain reaches of these creeks, we have not yvet determined
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Table 15. Numbers of bull trout redds found in North and Middle
Flathead River tributaries during fall surveys.

Fork

Number of Redds
Drainage 1979 1978 1977 1954 1953
North Fork
Big Creek iz e - 6 —
Hal lowat 2 —_ . 20 —
Caal Creek 44 . — _— _
Mathias 2 —— —_— - _
South ¥ork Ceal 4 e - —_ —_
Red Meadow Creek 2 4 10 — o
Trail Creek 35 3 15 48 18
Whale (reek 34 2 i1 — e
Shorty Creek 33 - 3 — _—
Middle Fork

Dolly Varden Creek 20 — —_— - —
Schafer Creek i6 - — e _
Morrison Creek 25 - — _ —_—
Lodgepole Creek 32 — — — —
Granite Creek 14 —— - — -
Twentv-five Mile Creek Z —— - — _
Long Creek 15 e —— _ —_—
Charlie Creek 3 — — S -
1 - - — —

Dirtyface
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Table 16, Average measurements of bull trout redds in tributaries of the
North and Middle Forks of the Flathead River during 1979

Distance to

Length  Width Depth nearest cover
Drainage No. redds {meters) (meters) {(meters) {meters)
North Fork
Big Creek 12 1.11 .56 .22 1.73
Coal Creek 49 1.37 .89 24 3.68
Red Meadow Creek 2 1.97 .76 .19 3.20
Trail Creek 32 1.486 .92 .29 2.67
Whale Creek 68 1.24 .90 .25 3.67
North Fork Average 1.25 .83 .24 2.99
Middle Fork
Dolly Varden Creek) 33 2.25 1.25 .21 -
Schafer Creek ; 1.93 .20 e
Morrison Creek ) 27 1.81 |
Lodgepole Creek ;
Granite Creek 14 .93 1.00 .19 6.92
Long Creek 14 2.03 1.01 .20 1.8
Charlie Creek 3 1.57 .85 .17 1.75
Middle Fork Average 1.64 .86 .16 4,16
Qverall Average 1.46 .84 .20 3.43
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what the triggering factor{s) may be for redd construction.

Redd gravel samples analyzed from Coal and Hhale creeks in 1979
were similar to those analyzed from Whale, Trail and Red Meadow Creeks
in 1979 and 1978 {Montana Dept. Fish and Game 197%). The dominant size
of bed material in bull trout redds was gravel in the 2.5 to Scm and .84
to .64cm range {Appendix B, Figures 1 through 4). Material over 10cm
was seldom found in redd sampies. In the future all samples will be
sorted using the Wentworth scale,

The majority of velocities measured at bull trout redds were less
than 0,8 feet per second and ranged from 0 to 2.0 feet per second {Figure
26). Block (1955) reported redds were never located in "fast water
or in backwater." lLegget (1969} found surf-ce velocities in aquaria
ranged 0.13 to 2.01 feet per second and Hunter (7973) measured focal point
velocities (13cm above redds) in Washington State at 1.11 to 2.16 feet
per second for anadromous Dolly Varden. Depth of redds appeared to center
about .25 meters and ranged from .0 to .5 meters (Figure 27). Use of
probability curves to evaluate redd data for instream flow use has been
demonstrated by the Fish and Wildlife Service {Bovee and Cochnauer 1977
and Bovee 1978). Although our sample size was vrelatively small, the
patterns approximate probability use curves for depth and velocity.

Spawning areas for bull trout and westslope cutthroat trout as well

as other habitat parameters will be documented on drainage maps as part
of this study. An example of this can be seen in Figure 28.

Abundance and Distribution

Electrofishing and snorkeling were methods used to gather information
about abundance and distribution of juvenile trout in North and Middle Fork
tributaries. When replicated periodically, information gathered by electro-
fishing and/or shocking could result in a Tong-term monitoring index for
populations of juvenile cutthrpat and bull trout. Underwater census to
determine fish abundance has been successfully demonstrated in Idaho streams
(Graham and Sekulich, in preparation). In studies on the St. Joe River
and Kelly Creek, transects were counted each year near the same date in
Tate summer {Thurow and Bjornn 1978, Johnson and Bjornn 1978).

Most snorkeling transects in the upper Flathead drainage were estab-
lished in conjunction with surveyed stream reaches. However, one snorke]
transect was done on four kilometers of the North Fork River itself above
Canyon Creek. Tables 17 and 18 show the results of snorkel transects in
the North and Middle Fork for 1979, This year's data are mainly baseline
information. However, some trends in fish abundance are apparent from the
snorkeling and electrofishing data.

In most cases, where cutthrgat trout densities were large, bull trout

densities were small and vice versa. Sixty-two percent of 43 shocking or
snorkeling transects had comparatively large densities {3:1) of either
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Pigure 26. Velocities recorded at the head of 37 bull trout redds
located in tributaries of the North and Middle Forks
of the Flathead. All meassurencnts were taken with
either Pygmy or Price A current meters.
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cutthroat or bull trout but not both, The remaining 38 percent had a more
even mixture of the two species. _

Juvenile cutthroat were relatively abundant 1in upper reaches (3,4,5,
etc.). As the reach number increases. the fiow within the reach generally
decreases (Tables 22 and 23). Middle Fork flows averaged 5.8 cubic feet
per second (cfs) in transects where bull trout were predominant and 3.7cfs
in reaches where westslope cutthroat were most abundant. The same pattern
was observed in the North Fork. In reaches where bull trout were most abundant,
flows were 25.6¢cfs compared to 9.1cfs in transects where culthroal were most
abundant. We found no significant correlation between reach number and
abundance of younger cutthroat. In part, this could be the result of
grouping all creeks together in the analysis, rather than separating smaller
tributaries such as Tuchuck and Charlie from larger ones such as Red Meadow.
Some of the largest densities were fTound in HReach one of Red Meadow Creek,
where fry and age 1 fish were found in smal! 3ide channels along the larger
main channel.

Hartman and Gi11 (1967} also identified neadwater streams as being
important rearing areas for cutthroat trout. They believed that spatial
differences between juvenile cutthroat and steelhead trout was a function
of stream size and gradient. Henson (1977} believed interactive segregation
was occurring between juvenile cutthroat and steelhead trout. He did not
find sympatric popuiations of steelhead and cutthroat trout in streams he
studied in Idaho.

Griffith (1972) examined habitat utilization of brook trout and
cutthroat trout. He concluded that undervearling trout of the two species
occupied different microhabitats, probably a function of size differences.
He also found that there was considerable habitat overlap at age group I
and II. Older fish were segrecated more so, with brook trout Tiving closer
to cover and associating more with the stream hottom.

From general observations to date in our study streams, Griffith's
findings may be guite similar to interactions between bull and cutthroat
trout. Aithough differences in habitat selection by underyearling trout
based on macrohabitat would be a function of spawning Tocation in the stream.,
this in turn is a function of stream discharce and gradient.

No studies of habitat selection by sympatric populations of juvenile
bull and cutthroat trout in streams is availabiein the Titerature. We will
be undertaking such a study during the summer of 1980.

By midsummer, several long sections in Trail and Granite CUreeks had
gone dry about 10 kilometers up from their mouths. A few other creeks also
had dry sections of smaller lengths. Although these dry sections carry
water during runoff periods, there were no, or very limited populations,
of juvenile bull trout upstream from these areas in Trail and Granite creeks.
0f seven snorkeling or eiectrofishine transects done above dry areas, none
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contained bull trout. In direct contrast, we found cutthrpat trout densities
of .5 to 13.9 fish per 100 sguare meters above the dry area in Trail Creek.
These sections apparently went dry before the arrival of bull trout spawners
and created a migration barrier, There was no apparent upstream movement

of juveniles into these areas when they carried water.

Densities of mountain whitefish in tributaries were much different
than those found in the Middle Fork River pools. The highest density of
whitefish in any tributary was 2.7 fish per 100 square meters of surface
area in Dolly Varden Creek. Mgost whitefish fourd in tributaries were in
the downsiream reaches. lLargest densities of whitefish in tributary streams
apparently occurred near the runoff period in early summer. In two sections
snorkeled on the Middle Fork, densities were 37.0 and 14,6 fish per 100
square meters. These counts were made in 1z 2 July and August. Downstream
movement of whitefish began to occur in Trail Creek during July and August
{(Figure A5}.

Electrofishing helped in determining distribution and relative abundance
in tributary streams{Tahle 19}, More electrofishing took place in the North Fork
than the Middle Fork due to resiricted use of gas oenerators in wilderness areas.
Shocking sections on Trail Ureek cen be seen in Figure 28. The most recent
information on fish distribution in the North Fork compiled from Fish,
Wildlife and Parks, the U.S. Fish and Wildlife Service (1977} and Glacier
National Park records can be found in Tables 20 and 21. This information
will be useful in assessing stream suitabilities and the potential recruit-
ment of juvenile cutthroat and bull frout to Flathead Lake,

An attempt was made to compare shocking and snorkeling sections. After
a transect was snorkeled, 1t was shocked the same day. In the transects
where this was tried, it turned out that fish densities were tco low to
yield significant results.

Habitat Evaluation

1979 Reach Surveys

A total of 178km of 17 North Fork tributaries was surveyed during 1979
(Table 22). This total represents 38 reaches in five major drainages. A
total of 80.5km of eight tributaries to the Middle Fork was surveyed during
1979 (Table 23). This sum inciudes 25 reaches in five major drainages.

The five major North Fork tributaries had average drainage areas of 170.5
kmé  and average late summer flows of 37.3cfs. Middle Fork drainages were
much smaller, draining an average area of 56.1km¢ and having an average late
summer discharge of 6.9cfs. The smallest major North Fork tributary (Red
Meadow Creek; Table 22) had a larger drainage area than the largest Middle
Fork tributary (Granite Creek; Table 23}, Stream reach gradients ranaged
between 0.3 and 15 percent.
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Table 20,

Fork creeks:

unknown, needs further study.

Current information on fish distribution in west bank North
+ = gpecieg pregent, - =secles absent,

?

Creek

Cutthroat

Adfluvial

Hegident

Bull trout

Seulpin

Canyon
MceGinnis
Big
Langford
Lockout
Elelelmum
Hallawat
Skoockoleel
Nicola
Kletomus
Werner
Coal
Cyalone
Deadhorse

South Fork Coal

Mathias
Moran

Hay

Red Meadow
Moose
Whale
Shorty
Ninko
Teepes
Trail
Ketehikan
Yakinikak
Antley
Nokio
Tuehuck
Colts
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Taple 21. Current information on fish distribution in Glacier Park
and Canadian creeks: + = gpeciss present, ~ = species
absent, 7 = unknown, needs Turther study.

Cutthroat
Creek’ Adfluvial Regident Bull trout Seulpin

Glacier Park

Camas + + ? +
Anaconda + + ? +
Tuteh 7 + 7 7
Logging 7 + ? +
Guartsz 7 + ? +
Bowman e + - +
Akokala + + - +
Ford ? -+ ? +
Kintla 7 + - +
Spruce + + ? ?
Starvation o+ = + +
Kighenehn + -+ + +
Sage + + + +
British Columbia

Howell + + + +
Cabin + + + +
Couldrey + + + +
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Table 22. Reach information concerning tributaries surveyed in the North
Fork durding the summer of 1979.

Reach Dra}ﬁag; Tength Gradient  TLate Summer
Drainage Number  Area(lkm”™) (km) (%) Flow({cfs)
Big Creek 212.5 17.0 %l —
1 — 7.0 1.5 =34
2 _— £.5 2.0 24.8
3 — %5 10,0 —
Hallawatt 42,1 8.0 3.0 —
1 — 5.0 3.0 —
2 —_ 4,0 3.0 2.8
Skookoleel 22,2 7.3 8.3 —
1 _— 4.8 10.0 —-—
2 — 2.5 5.0 3.3
Wernier 10.3 1.5 10.0 —
1 — 1.5 10.0 1.6
Nicola 13.6 3.5 8.0 ——
1 - 3.5 8.0 2.7
Kletomus 1h.1 .0 7.0 —
1 — 4,0 7.0 2.7
Langford 12.4 3.0 3.0 —
1 - 1.5 2.0 1.4
2 _— 1.5 3.0 _—
Coal Creek 211.5 25,5 2.3 -—
e : 1 - S 6.0 2.0 20.3
2 _— 7.5 1.0 20.1
3 —— 10-5 2.5 }..2
I _— 1.5 9.0 1.3
Mathias 132 4.0 7.0 -
1 — 1.5 2.0 2.8
2 _— 2.5 10.0 1.0
South Fork Coal =44 10.5 4.0 -
1 - 8.0 3.5 3.0
2 — 2.5 5.5 1.7
Deadhorae 25.2 7.5 £.0 _—
1 — 5.5 4.5 £.8
2 _— 2.0 10.0 3.3
Cycelone 34,9 6.0 1.5 —
1 — 2.0 1.5 6.6
2 —— 4,0 1.5 1.5



Table 22. Continued,

Reach Dralnagg Length Gradient Late Summer
Drainage Mmmber  Area(km”) (em) (%) Flow{cfs)
Red Meadow Creek 76,8 21.0 3.7 —
1 — 8.0 1.7 16.7
2 — 11.0 1.7 12,4
3 — 2,0 15,0 .8
Trail Creek 186.1 2%, 2.5 -
1 - 2.5 2.0 42,8
2 — 4,0 2.0 —
3 — 5.0 2.0 23,8
b — 2.5 0.5 15.1
5 — 2.1 1.0 16,2
6 — 3,2 k0 8.0
Tuchuck 27.2 £.9 2.0 —_—
1 — 6.9 2.0 8.1
Whale Creek 165.5 18.0 1.2 —
1 _— 8.0 1.5 64,3
2 — 10.0 1.0 25,8
Shorty 22.4 11.0 3.6 —
1 — 5.0 2.0 13.0
2 - 6.0 5.0 7.8
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Tahle 23. Reach information concerning tributaries surveyed in the Middle
Fork during the summer of 1979.

Reach Drainage Length Gradient Late Simmer
Drainage Mmber  Area(km ) (lem) (%) Flow(ofs)
Charlie Creek 27.2 6.4 3.0 0.7
1 — 2.9 2.2 ——
2 _— 2.9 2.4 —
3 — 0.6 7.6 —
Long Creek 57.0 12.6 =6 7.8
1 — 2.6 2.3 _—
2 - 1.4 1.7 —
3 - 5.7 3.1 —
4 - 1.1 10.3 o
5 — 2.8 3.9 —
Bergsicker 22.8 8,90 3.9  dry at mouth
1 e 4.3 1.8 -
2 —_ 1.8 2.8 -
3 — 2.8 7.8 _—
Twentyfive Mile Creek 53.6 11.7 4.5 £.1
1 - 1,0 5.1 —
2 — 3.9 1.7 —
3 —— L9 6.0 —
Granite Creek 74,6 13.8 1.4 4,9
1 —_— £.9 1.8 —
2 —— 6.9 1.0 —_
Challenge 18.9 4.5 3.3 1.1
1 — 4.5 3.% —
Dolly Varden Creek 68,4 17.7% 1.1 15.0
1 — .7 0.3 —
2 —_— 3.0 0.7 —
3 — 5.5 1.1 —
4 _— 2.2 2.6 _—
5 — 1,0 2.4 -
Argosy 15,4 5.3 3.6 2.5
1 — 1.7 5.9 -
Z —_— 1.0 1.9 —_
3 _— 2.6 2.8 —




Figure 28 depicts a preliminary inventory map of several key biological
and physical aspects of the Trail Creek drainage of the North Fork. The
mapping system will be upgraded to provide a larger amount of useful infor-
mation on all tributaries surveyed in the upper Fiathead River Basin.

Underwater Fish Census Transecis

Data from 17 North Fork and 14 Middle Fork tributary underwater fish
census transects (Table 17 and 18) were analyzed. Of the 1300 fish tallied,
87 percent were either cutthroat or bull trout (Table 24). Cutthroat were
the most commonly encountered fish species, outnumbering bull trout by a
factor of nearly two. This may be due in part to the fact that of the two
species, cutthroat are in general less secretive and therefore more observable
by divers. However, the above might be mod rated by the fact that data from
several North Fork tributaries known to have high cutthroat densities
(Skookoleel, Werner, Langford and Cyclone Creeks: Table 19) were not used
in the analysis because fish densities were estimated by electrofishing rather
than snorkeling.

Several arctic grayling observed in Red Meadow Creek on the North Fork
represent the only other fish species observed in the snorkel transects.
These fish evidently drift downstream from Red Meadow Lake, where they have
been stocked in the past.

Preference of Cutthroat and Bull Trout for Major Habitat Types

A total of 306 habitat units were snorkeled, including 135 pools,
88 runs and 83 riffles (Table 25). The average density and abundance of
age I and older {I+) cutthroat and bull trout in pools, runs and riffles
is presented in Table 25.

Density and abundance of cutthroat and bull trout were highest in pools,
Towest in riffles and intermediate in runs {Table 25). Average density of
age 1 and older {I+) cutthroat and bull trout in all habitat types of all
tributaries was 9.4 and 4.2 fish per 100m¢ surface area, respectively. The
average density of age I and older (I+} cutthroat in pools {16.7 fish per
100mZ} was somewhat lower than the value of 20.4 fish per 100m2 reported by
Hanson (1977) for nine pools snorkeled in a tributary to the St. Joe River
in northern Idaho. However, this figure was significantly higher than that
reported by Hanson (1977} for St. Joe River poois {3.3 fish per 100m2).

Affinity for pooi habitats was more strongly expressed by age I and
older (I+) bull trout than by cutthroat. Bull trout density in runs (1.8
fish per 100m2) was 24 percent of pool density {7.4 fish per 100m2)
whereas cutthroat density in runs (6.0 fish per 100mZ) was 36 percent of
pool density "(16.7 fish per 100mZ: Table 25). - Cutthréat were
less abundant in riffles than bull trout. Bge 1 and older {I+)

cutthroat density in riffles (1.2 fish per 100mZ] was 20 percent of
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Table 24, 8Species composition by numbers and percent of fish cobserved in
%1 underwater fish census ITransects in tributaries to the HNorth
and Middle Forks of the Flathead River during 197%.

Mountain .
Cutthroat  Bull trout  whitefish Sculping Total

Number observed 740 =57 115 48 1,300
Percent of total B5, 0 30.5 8.8 3.7 —

Table 25, Average density (fish per 100 m2 surface area) and abundance
of age T and older {referred to as I+) cubtthreat and bull
trout by habitat feature (pocls-runs-riffles) in underwater
figh census transects in tributaries to the North and Middie
Forks of the Flathead River during 1979. Abundance values

are in parentheses.

Number examined Age I+ cutthroat Age T4 bull trout
Pools 135 1A,7(3.4) 7.4(1.6)
Ruris ae £.0(1.9) 1.8(1.0)
Riffles 83 1.2(0.7) 1.6{0.8)
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run density whereas bull trout density in riffles (1.6 fish per
100m2) was nearly identical to vrun density (Table 25).

A1l age groups of both cutthroat and bull trout achieved larger
densities in pool habitats as opposed to riffle-run habitats (Table 26).
Data presented in Table 26 reveal some interesting distribution patterns
by age groups of the itwo species.

Fry of both species were observed in pool and riffle-run habitats
with equal frequency. Age I cutthroat were move frezcuently encounterad
in pools but densities were quite similar in both habitat types; 16.7 fish
per 100mZ in pools versus 13.9 fish per 100mZ2 “5 riffle-run habitat
{Table 26). Age II and older (II+) cutthroat more strongly preferred
pocls. They were observed in 43 percent more pool habitats than riffie-
run types and pool densities were markedly higher (19.0 fish per 100mZ
in pools, 5.6 fish per 100mZ2 in riffle-runs)

Age I buil trout were more freguently found in riffle-run habitats
than pool habitats although densities in pools were much larger (17.9 fish
per 100mZ) than densities in riffle-runs (4.9 fish per 100m2). Age II and
older (II+) bull trout show a slight preference for pool habitats. Compai-
son of age I and older {I+] fish of both species reveals that although the
predilection towards pool habitats appears to be stronger in cutthroat,
both species achieve significantly larger densities in pool habitats as
opposed to riffle-run habitats. Bull trout may be able to inhabit a wider
variety of habitats more effectively than cutthroat. Expansion of the
data base during the next year will provide additional information to
test the validity of this hypothesis.

Correlation Between Habitat Variables and
Cutthroat and Bull Trout Density and Abundance

The following represents a preliminary attempt at identifying habitat
compeonents which exert significant influence on fish populations in tribu-
taries to the North and Middle Forks of the Flathead River. This analysis
has been conducted using roughly one third of the information we plan to
eventually have at our disposal. Investigation of habitats in upper Middle
Fork tributaries and those draining Glacier Park on the North Fork during
next summer will provide a more diverse data base which is invaluable to
the process of statistical inference.

A total of 268 simple 1inear correlation coefficients and their associa-
ted levels of significance are presented. They basically represent the
same set of ‘data handled in two different ways. 1In the first analysis, the
dependent variable 1s density {fish per 100mZ) of specific age groups of
cutthroat and bull trout. As described previously, these age groups (fry,
age I, age 1I and older, and age I and older]) were selected to represent
size classes of fish. Numerous studies have shown that fish body size is
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related to habitat size (Everest and Chapman, 1972; Chapman and Bjornn,
1969; Hanson, 1977).

The second analysis employs fish abundance (simply the number of fish
observed in a given pool or riffie-run) as the dependent variable. As in
the first analysis, fish abundance is broken down into age groups by species.

Both analyses are partitioned into regressions involving fish popu-
Jations in pools and in rifflie-run habitats. Since both abundance and
density of cutthroat and bull trout wers noticeably higher in pools {[Table
26) it was felt that separation of the two major habitat types would shed
some light on the habitat preferences of these two species.

The preliminary nature of this analysis is underscored by the fact
that most of the independent variables emploved are physical measurements
taken directly from underwater fTish census I ansect cards. These variables
were chosen because many of them have in the past been correlated with
salmonid population levels (Burns 1577: Hanson 1977; Platts 1976; Sekulich
and Bjornn 1977).

Density

Statistical relationships between densities of specific age classes
of cutthroat and buill trout and several independent habitat variables in
pool and riffle-run habitats are summarized in Tables 27 through 30. With
a few exceptions, densities of all age groups of both species decreased as
stream width, surface area, mean depth and velume increased. The most
significant correlation coefficients {r) describing these relationships
ranged between -0.500 and -0.664.

Cutthroat fry densities were positively correlated with reach number,
elevation and gradient in both pool and viffle-run habitats (Tables 27 and
28). This indicates that cutthroat fry attain higher densities in the
high elevation upper reaches of higher gradient tributaries. These findings
are accepted with caution since one-third of the fry observations were from
Argosy Creek, which is a small headwater tributary to Dolly Varden Creek
in the upper Middle Fork. Argosy Creek supported very high densities of
cutthroat fry {Table 18). Cutthroat fry densities in pools were strongly
correlated with pool width:depth vratio (r=0.697, p=.01; Table 27} indica-
ting that fry preferred wide, shalliow pools.

Relationships between fish popuiations and pool ciass can be deceiving.

The pool classification system employed in our survey {Table 10) attempts

to describe pool habitat gquality by rating width, depth and cover. Theo-
retically, class 1 poois offer high quality fish habitat, class 5 afford
poor habitat. Consequently, the strong, positive correlation coefficient
describing the relationship between age ! cutthroat density and pool class
{r=.588, p=.01,; Table 27} indicates that as pool class number increases,
densities of age I cutthroat increase. In other words, age I cutthroat
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densities were highest in low class pools which presumably offer the

lower quality habitat. It is uncertain whether cutthroat prefer these pools
or inhabit them because they are competively displaced into these supposed
marginal habitats by Targer fish.

The positive relationship between pool class and age II and older
cutthroat (r=.172, n.s.; Table 27). is not as strong as that observed
for age 1 fish. Interestingly, age Il and older fish were the only
cutthroat whose densities increased with increasing riffle-run depth,
although the relationship was not significant {r=.134; Table 28).

Bull trout results are inconsistent and offer 1ittle opportunity for
generalization. Fewer significant correlations were found between bull
trout density and elevation, gradient,and wi“th:depth ratio than were
observed between cutthroat density and these variables. Five sionificant
relationships (at the .05 level) were noted for bull trout versus 11
significant cutthroat correlations.

It appears that densities of all bull trout age classes were consis-
tently higher in pools that were wide relative to depth. This relationship
between bull trout density and pool width:depth ratio was uniformly strong.
Values for v " ranged between -.418 and -.523 (Table 29). This indicates that
bull trout fry prefer relatively deep pools which is the reverse of the
pattern noted for cutthroat fry. This may eventually be related to
differences in spawning habitat selected for by fall spawning bull trout
versus spring spawning cutthroat.

Abundance

Relationships between fish numbers and stream width, surface area,
mean depth, and volume were highly variable {Tables 31 through 34). Of a
possible total of 64, only eight regressions between fish density and
these variables were significant at the .05 level. Of these eight regres-
sions, seven were significant positive relationships, i.e. fish numbers
increased as stream size increased. Sekulich and Bjornn (1977) found con-
sistently positive relationships between anadromous salmonid numbers and
stream size and consistently negative relationships between fish densities
and stream size in Idahc streams. Burns (1971) obtained his best correlation
between absolute salmonid biomass and stream surface area {r=0.898)in seven
northern California streams.

The positive relationship between numbers of age I1 and older
cutthroat and mean depth in riffle-run habitats {r=.381, p=.02; Table 32)
is the only cutthroat abundance regression in this habitat type which is
significant at the .05 level. This again points to the fact that these
fish prefer deeper water when found in this habitat type.
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The highly significant correlation between numbers of age I1 and older
cutthroat and pool class (r=-.414, p <.01; Table 31) indicates that large
cutthroat prefer high class pools which are characteristically larger and
deeper than lower class pools. In addition, a significantly positive
correlation was obtained between numbers of age II and older cuttnroat

and mean pool depth (r=.276,p=.02; Table 31}. A strong negative correlation
was noted between numbers of age I cutthroat and mean pool depth (r= -.423,
p=,01; Table 31}, indicating that small cutthroat were most numerous in
shallow pools. These findings agree closely with those of tverest and
Chapman (1972}, Hanson {1977) and Chapman and Bjornn (1969). In general,

as stream dwelling juvenile chinook salmon, steclhead and cutthroat trout
(a1l members of the genus Safmo)increase in body size they select habitats
having deeper, faster water. Underwater fish census data from 12 upper
Middle Fork River pools snorkeled in Jate 1979 tend to further support this
hypothesis. A total of 46 cutthroat trout wo e observed, all were estimated
to be age II1 and older fish.

Few significant relationships between numbers of bull trout and
measured habitat variables were noted {Tables 33 and 34). Fry and age II
and older fish in riffle-run habitats increased significantly in numbers
as stream surface area increased {r=,646 and .313, p=.01 and .04 respec-
tively; Table 34). The negative correlation between numbers of age II
and older bull trout and pool class {r= -.360, p=.03; Table 33} may indicate
that these fish prefer high class pools although the density regression
(Table 29) does not support this conclusion

Age and Growth

A total of 456 juvenile cutthroat trout and 468 juvenile bull trout
collected during the spring, summer and fall of 1979 were used to determine
age and growth in four major tributaries to the North Fork of the Flathead
River. Annulus formation occurred in late spring for both species;
however, an annulus did not form on many age I cutthroat trout as described
in the methods section.

Growth of juvenile cutthroat trout was similar in all four tributaries,
although age I fish averaged 18 percent larger in Big and Coal creeks than
in Ped Meadow and Trail creeks. This difference was maintained through
age 11 {Tables 35 and 36). Length at annulus for age III fish was similar
for all four streams. Length at annulus at age I and Il compared favorably
with lenagths calculated for cutthroat trout in tributary streams to the
North Fork in 1959 and 1980 (Johnson 1963}, Johnson determined age I fish
averaged 58mm compared to 57mm in this study and age Il fish averaged 174mm
compared to 108mm in this study (Table 37). Length at annulus for age III
fish was 20 percent larger in Johnson's analysis; however, we purposely did
not include age IV and older or mature resident fish in our analysis. Esti-
mated length at annulus at age III may therefore be low if time of downstream
migration is size related. The faster growing age II plus and age III fish
may leave the streams soconer.
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Tabie 35. Average calculated total length and increment of length for
juvenile cutthroat trout in Big and Coal Creeks collected
during the summer and fall of 1979.

Numbe;w?f TLength {rm) at annulus formation
Year claas fig 1 2 )
Big Creek

1976 i 71 115( 7) 153(10)
1977 5 €8 113(10)

1978 z 7k

Grand mean

caleulated length 15 71 1148(17) 153(10)
Grand mean

increment of growth 71 43 _ 20
Coal Creek

1976 2 69 114( 3) 163( 3)
1977 13 £0 121{1%)

1978 _8 5]

Grand mean

calculated length 23 6% 120(17) 163( 3)
Grand mean

increment of growth 63 57 b3

1/

= Mumber of cutthroat used to calculate age 1 figh length; rumbers of fish
uged to calculate length at ages 2 and 3 are in parentheses,

T



Table 36, Average calculated total length and inerement of length for

Juvenile cutthroat trout in Red Meadow and Trall Creeks
eollected durdng the spring,

summer and fall of 1979,

Number of Length (mm) at annulus formation
Year class fishlf 1 2 3

Red Meadow Creek
1976 1z ke 104( 95) 151( 95)
1977 30 5y 111( 60)
1978 2 10
Grand mean
calculated length 51 =5 107(155) 151( 95)
Grand mean
inerement of length 5% 5k 4l
Trail Creek
1976 41 53 102( 77) 1ol 77)
1977 96 51 111(142) -
1978 24 79
Grand mean
calculated length 161 BE 108(219) 149 77}
Grand mean
inerement of length 56 52 41

l/ Number of cutthroat used
used to caleulate length
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Table 37. Average caleulated total length and inorement of length for
Juvenile cutthroat trout in combined tributary streams from
the North Fork drainage collected during 1979.

Number of Length {mm) at annulus formation
Year clasgs fishl/ 1 2 %

Combined Streams
1976 59 53 104(185) 150(185)
1977 144 o 112(223)
1978 48 &
Grand mean
caleulated length 251 57 108(408) 150(1858)
Grand mean
inerement of length 57 51 42

~

l/ Number of cutthroat used to caleulate age 1 fish length; numbers of fish
used to calculate length at ages 2 and 3 are in parentheses,
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Growth of juvenile bull trout was simitar in Coal, Red Meadow and
Trail creeks and slower in Big Creek (Tables 38 and 39). Increment of
length was largest at age I (80mm) and decreased to 18mm by age III for
the combined streams (Table 40). Outmigration of faster growing age II
ptus and age III fish may also be cccurring with bull trout,  The back-
calculated lengths for age III fish was 26 percent smaller at age I than
the average for all fish {Table 40). This may be an expression of Lee's
phenomenon (Lee 1912,Van Oosten 1929, and Ricker 196%9; or a function of
outmigration of faster growing fish.

Few comparisons of growth rates of bull trout are available in the
Titerature. Bjornn (1961) found length at annuius for age I through age
IT1I fish from Priest and upper Priest Lakes wers 771 and 66mm, 114 and
102mm, and 183 and 155mm, respectively. He reported that, as in the
Flathead, juvenile bull trout spent two fto three years in {ributaries before
entering the lake. These lengths were 11 % 18 percent smailer at age I,
8 to 18 percent smaller at age II and § to ZZ percent larger at age I1I
in Priest Lakes than was founda in this studv. Growth rates of bull trout
in the Bow River, Alberta (Miller 1948} were considerably faster than in
the Flathead. Length at annulus at age I was double that observed in the
Flathead and 70 percent larger at age 11.

A Jength frequency of sculpins collected in early spring and fall of
1979 in Trail Creek is presented in Figure 29. The spring collection
was made just prior to the spawning season. A Jimited sample of otoliths
indicate that the three modes in the spring sample may approximate age II,
11l and IV fish.

Food Habits

Stomach contents of sculpins, cutthroat and bull trout were examined
to determine their food habits. A1l samples excepi one were collected in
Trail Creek; the other was collected in Red Meadow Creek. Samples were
taken during several seasons in 1978 and 1979. The IRI values and percent
calories for each food item are presented by species for seasonal compari-
sons in Trail Creek {Figures 30,31 and 32). Stomach contents from each
species by season are expressed in percent number, percent volume and
frequency of occurrence as well as in total and percent calories (Appendix C,
Tables 1 through 20}.

Mayflies (Ephemercptera) were the major food item for sculpins,
cutthroat and bull trout during all seasons in Trail Creek samples {Figures
30,31 and 32). Stoneflies (Plecoptera) and caddisflies {Trichoptera) were
seasonally important for all three species. From insect data collected
seasonally during 1975-76 by the Filathead 208 Study {File Copy, MT. Fish,
Wildlife and Parks, Kalispell), mayflies were generally the most abundant
insect order throughout the year. Stoneflies increased in abundance in
the winter and spring and they were important in the diet of bull frout
during those seasons.



Table 38. Average calculated total length and increment of length for
Jjuvenile bull trout in Big and Coal Cresgks collected during

the gummer and fall of 1979.

Number of Length (mm) at ammulus formation
Year class fiash 1 2 3

Big Creek
1976 17 57 107 =7
1977 19 72 112
1978 10 78
Grand mean
caleulated length xS a7 110 137
Grand mean
inarement of length 67 bz 27
Coal Creek
1976 2 &1 117 ' 11
1977 19 833 124
1979 13 88
Grand mean
calculated length Bk 84 1273 14
Grand mean _
inepement of length 84 39 18

- 98 ~



Table 39. Average calculated total length and increment of length for
juvenile bull trout in Red Meadow and Trail Creeks collected
during the spring, summer and fall of 1979.

Number of Tength (sm) at annulus formation
Year claas fish : 1 2 C =

Red Meadow Creek
1974 17 61 117 157
1977 5% B 127
1978 i2 79 —— —
Grand mean
caleulated length 8% 80 132 157
Grand mean
increment of length Ho 5P 24
Trail Creek

1976 R ‘ 19 .63 1000 0 157
1977 14n 78 121
1978 76 85
Grand mesan
caleulated length 239 80 120 157
Grand mean
increment of length 80 4o =7
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Table L0. Average caleculated total length and inerement of length for
Juvenile bull trout in combined tributary streams from the
North Fork drainage collected during 1979.

Number of Tength (mm) at annulus formation

Year class fish 1 2 3
Combined Streams
1976 55 £0 111 142
1977 278 g1 126
1978 175 87
Grand mean
calculated length 468 80 124 1h2
Grand mean
inerement of length 80 Lk 18
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SPRING

NUMBER OF FISH

FISH LENGTH <cm>

2l FALL

NUMBER OF FISH

FISM LENGTH <cmb>
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1 2 3 L 5 -] 7 B g 1] 13
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Figure 29. Length frequency of sculpins in Trail Creek. All sculpins were
found in Sectiens 3,4, and 5. No wmore than 2 sculpins were found
in Section 3 in any seascon.
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Fiagure 30. Seasonal comparison of major food items of bull trout
collected in Trail Creek during 1978 and 197%. Small

quantities of Hymenoptera, Coleoptera, Hemiptera,
Annelida, Arachnida, and plant material were also present.
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Figure 32. Food intake of sculpins collected in Trail Creek during the fall
of 1978 and 1979. Digestive rates and caloric value for Nostoc
were not available for analysis.
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Over 50 percent of the estimated caloric value for bull trout was
obtained from mayfiies in every season except the fall of 1979 when
fish provided the largest percentage of caloric value (45 percent)
(Figure 30). Even during the fall sample the IRI value was considerably
higher for mayflies. Stoneflies were the next most significant in the
diet during the year, followed closely by caddisflies. Horner (1978)
determined that juvenile bull trout were generally more predaciocus than
other trout he studied. Sculpins and other small fish, in particular
the seasonal abundance of fry, may play a more important roie in the
growth of juveniie bull trout than demonstrated here because of their
high caloric value.

Mayflies were the major food item for cutthroat trout collected in
Trail Creek during the spring and summer of 1979. Approximately 85
percent of the caloric intake in the spring vas from mayflies (Figure 31).
Stonetlies and caddisflies were relatively f.portant as indicated by their
IRT values. By contrast, food habits of cutthroat trout in Red Meadow
Creek were more balanced (Figure 33). Terrestirial insects predominated
stomach contents in the Red Meadow Creek sampie {Appendix C, Tables 15
and 16). The IRI values of Trichoptera and Hymenoptera were siightiy
higher than for Ephemeroptera, although the caloric value remained higher
for mayflies {Figure 33). A larger amount of overhanging vegetation and
suspended debris in Red Meadow than in Trail Creek may provide more
opportunity for terrestrial insects to fall inte the water.

Mayflies also predominated the food intake of sculpins in fall sampling
in Trail Creek (Figure 32). Both stonefliies and caddisfiies were
relatively important. in 1979, Nostoc, a small, globular, blue-green algae
was common in the stomach samples. Sculpins were only found in the Tower
few miles of Trail Creek during all seasons.

In the spring of 1979, there appeared to be little difference in
either IRI or percent calories for the major food items of both bull and
cutthroat trout (Figure 34). However, stoneflies and mayflies were more
impertant for cutthroat trout. In the summer sample from Trail Creek,
mayflies were separated by families. Baetidae were important for both
species but Ephemerellidae were more important for cutthroat trout in terms
of percent calories (Figure 35). Diptera were more important for bull
trout, while caddisflies were more important for cutthroat trout.

In the fall sample, a comparison of bull trout and sculpin stomach
contents revealed more similarities than differences {Figure 38). Baetidae,
Heptageniidae and Piécoptera were important to both species. Diptera and
Hymenoptera were more important for bull trout and Trichoptera was a more
important food item for sculpins. Food habits will be studied in other
streams to see if these results are consistent.
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Figure 33.  Comparisons of summer food intake of cutthroat trout collected in
Red Meadow and Trail Creeks in 1979. Small numbers of Coleoptera,
Homoptera and Arachnida were present in the Red Meadow sample.
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Figure 34, Spring 1979 food habits of cutthroat and bull trout in
Trail Creek.
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Figure 35. Summer 1979 food habits of cutthroat and bull trout collected
in Trail Creek. Mayflies are expressed by family and other

major food items by order.
-708-



IR} % CALORIES

BULL
~ TROUT

BAETIDAE
DIPTERA HEFTAGENIHDAER

HYMENOPTERA EPHEMERELLIDAE

TRICHOPTERA SIPHLOMNURIDAE
PLECOPTERA

SCULPIN
Figure 36. Fall 1979 food habits of bull trout and sculpins in Trail
Creek. Mayflies expressed by family and other major food
items by order.
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Upper Middle Fork Creel Card Survey

A total of 18 voluntary creel census cards were returned during
1979 (Table 41) and returns were equally divided among the summer months
(Table 42). Most of the returned cards originated at the Bear Creek access
point or were distributed by U.S. Forest Service personnel (Table 41).

Analysis of trip information revealed that the average reported trip
tength was 3.3 days {n=9) and fishing was conducted on 60 percent of the
days of the trip. Of the eight Bear Creek returns, only two were one day
trips. The average number of anglers per grous was 2.4 {n=18) and fisher-
man success was 93 percent. Three of 19 parties were nonresidents or had
nonresident members. Only one of the parties reported using a boat. It
is hoped that more boat fishermen will be surveyed during 1980 via the
Schafer Meadows station which was establishe ' after the 1979 floating
season ended. It was found that the average angler fished 2.9 hours per
day as compared to 3.4 hours per angler per day reported by Hanzel (1975)
for the entire Middle Fork.

The 1979 card returns indicate that 44 anglers caught a total of
583 fish of which 385 {66%) were released (Table 43). Composition of
the 1979 catch {63% cutthroat, 3% hull trout and 34% whitefish, Table 44}
was similar to that observed in 1962 (Montana Fish & Game, unpublished
data) when 164 man~hours of fishing effort were expended.

The observed 1979 catch rate of 2.55 fish per hour is quite high when
compared to the values of 0.49 and 1.02 observed in 1975 and 1962 respectively
(Table 44). The 1979 results are based on a small sample size and voluntary
information whereas the 1975 information is based primarily on angler inter-
views and in the 1962 study the anglers were Fish and Game personnel.
However, the high catch rates may indicate better fishing in the upper
Middle Fork. Examination of the 1962 data revealed that catch rates of
0.38 and 0.68 fish per hour were noted in two sections below Bear Creek
whereas values ranging between 0.75 and 1.40 were found in five areas of
the upper river. The average catch per hour in the lower Middie Fork was
0.7 fish based upon 94 voluntary creel census cards returned to Glacier
National Park biologists during the years 1959-1966 (Morton 1968).
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Tablie L41. Sumary of voluntary creel card returns by location on the
upper Middle Fork of the Flathead River during 1979.

Schafer Hungry Spotted
Twentyfive Bear Granite Air Horse Bear
Mile Creek Creek Creek Strip Guard Ranger Total

Number of
Returns 0 8 1 1 4 N

Table L2, Surmary of voluntary creel card returns by month on the
upper Middle PFork of the Flathead River during 1979,

Month Number of returns
July 5
August 6
September &
October 1

Table }3, Fishing pressure and catch information obtained via the
voluntary creel card survey conducted on the upper Middle
Fork of the Flathead River during 1979,

Fish caught
Mumber of  Total (Mumber released in parentheses)
Number of sanglers who hours Bull Mountain
anglers caught fish fished Cutthroat +trout whitefish Total

4y 39 228 367(205) 19(17)  197(263) 583(385)
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Table Lli. Comparison of 1979 upper Middle Fork cateh information derived
from voluntary crsel census card roturns with Middle Fork
results from Hanzel (1975) and from seven float fishing trips
conducted by Montana Fish and Game during July and Ausust
of 1962,

Mountsain
Study yvear Cutthroat Bull trout whitefish Other Total

Percent 1979 63.0 3.0 2.0 0.0 _—
composition 1975 66.9 11.7% 9.8 12.0 —
of cateh 1962 69.5 6.0 2,5 0.0 —
Percent of 1979 440 11.0 18.0 — 3k, 0
fish kept 1975 —_ _ — e 70.0
Cateh 1979 1.61  0.08 0.91 — 2,55
per 1975 - - . — 0.49
hour 1972 0.71 0.06 0.25 - 1.02
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APPENTCIX A

Figures 1.~ 6 Trap Movements
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Downstream trap cateh of juvenile bull trout in Trail Creek for 1974,
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APPENDIX B

Figures 1 - 4 Redd Gravel Samples
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Figure 1. Bull trout gravel samples taken from Whale Creek. Each size
gravel is expressed as a percent of toital gravel weight.
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APPENDIX C

Tables 1 - 20 Stomach Analysis Calculations
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INTRODUCTION

This document was prepared for the Flathead River Basin Steering Committee
to help them assess the direction, progress and eventual results which the
fisheries study will provide as part of the Basin-Wide Impact Assessment. 1t
may also reveal some perspectives and strategies developsd to meet the challenges
of this study.

A fisheries and water quality baseline inventory was started in 1978 as a
major part of the Flathead River Basin Environmental Impact Study. The emphasis
was on the aquatic ecocystem because its quality cun be a good indicator of the
aggregate impacts of man's use or abuse of air, land and water resources. But,
some people wondered, this is the Flathead Basin surrounded by Glacier Park,
the Bob Marshall Wilderness and Great Bear Wilderness Areas and Flathead Lake:
what could possibly happen here?

We are nearing the half-way point in our research and the need for the
tnvironmental Impact Study is already becoming far too clear. A global energy
crisis and inflation coupled with the more localized problems of pine beetle
kill in our forests and the often subtle effects of community growth are coming
to rest in the Flathead Basin.

The Cabin Creek coal development, stalled for a time, now appears to be on
track again. Shell 011 Company set off & series of blasts along the Trail
Creek Road this summer exploring for 0il and gas. The effect of these blasts
on the water tables in the underground limestone formations is unknown.
Presently there are in excess of 900,000 acres under appiication for lease for
oil and gas in the Flathead Forest.

An exploration firm is planning to do seismic work in the wilderness areas
next summer. Their plans include the use of 124 tons of explosives along a
207-mile course. Two oil wells were drilled near Cabin Creek in Canada this
summer and fall. Widespread harvest of beetle-killed timber is occurring on
both private and government owned land. Beetle-killed timber also extends into
Glacier Park and Canada,

A more subtle change is the increase in community growth. The population
of Flathead County, the sixth Targest in the state, has increased by an esti-
mated 41 percent in the last ten years. Unemployment rates in northwestern
Montana are traditionally high annually and seasonally.

To better understand, predict and mitigate the impacts of these develop-
ments on the quality environment in the Flathead River Basin, a systems approach
to analysis of baseline data is necessary. States et al. {1978) prepared a
detailed report on a systems approach to baseline studies. Some of the terms
and techniques they discussed should be useful in analysis of results from our
studies. However, that study was specifically geared for assessing impacts
of known development, while this study is designed to provide baseline data for
use in a systems analysis as future developments are planned. Presently



baseline data is being collected on the fishery and aquatic resource through
three groups of studies. These include: 1) studies funded by the Environmental
Protection Agency (EPA) on the North and Middle Forks of the Flathead River

and Flathead Lake, 2) studies funded by the Water and Power Resources Service
(WPRS), formerly the Bureau of Reciamation, on the Flathead River downstream
from the South Fork and 3) studies funded by the state on Flathead Lake,
Whitefish Lake, Swan, Stillwater and Whitefish river drainages. The EPA

and WPRS studies are being directed and coordinated by Patrick Graham and all
studies are coordinated by the Regional Fisheries Manager, Robert E. Schumacher
and Joe E. Huston, Fisheries Biologist Supervisor.

Fish species of special concern in these studies are westslope cutthroat
trout, bull trout and kokanee salmon. A second group includes species of
sculpin and whitefish. All of these species are migratory with the possible
exception of sculpins of which we know little akout. The three species of
special concern utilize Flathead Lake, main stew rivers and tributary streams
during specific periods in their 1ife cycles. A general outline of present
knowledge about their 1ife cycles is presented in the Flathead River Basin
Fisheries Investigations Report for 1979 which will be available in late
February 1980.

STUDY OBJECTIVES

Objectives of fisheries studies presently engaged in by the Department
of Fish, Wildlife and Parks in the Flathead River Basin are summarized below.

1. -Environmental Protection Agency Funded Projects

A. North Fork of the Flathead River Funded Projects

1. Assess relative importance of tributary streams for producing
migratory and resident populations of westslope cutthroat and
bull trout.

Z2. Develop a long-term monitoring index for juvenile trout in
major tributaries and the main river for correlation with
habitat inventories and to monitor changes in environmental
quality.

3. Identify the timing and distribution of spawning and feeding,
and "smolt" migrations for major fish species.

4, Assess existing aquatic habitat in major tributary streams
and the main river. Habitat components will be assessed to
determine their importance in maintaining the existing cutthroat
trout, bull trout and sculpin community. Stream reaches will
he ranked in relation to relative importance for providing
spawning and rearing areas.

5. Determine habitat requirements and species interaction for
Juvenile bull trout and westslope cutthroat trout.

6. Quantify instream flows for maintenance of native fish species
in the North Fork of the Flathead River.



B, Middle Fork of the Flathead River Fisheries Study

1. Assess relative importance of tributary streams for producing
migratory and resident populations of westslope cutthroat and
bull trout, To compare the potential contribution of juvenile
fish from the North and Middle Forks to Flathead Lake.

2. Develop a long-term monitoring index for juvenile trout in
major tributaries and the main river for correlation with
habitat inventories and to monitor changes in environmental
quality in a natural system in the event development continues
in the North Fork drainage,

3. Identify the timing and distribution of spawning and feeding,
and “smolt® migrations for major fish species.

C. Flathead Lake -~ Fish Food Habits Study

1. Assess food habits of westsiope rutthroat trout, bull trout
and kokanee salmon seasonally in representative areas of the
lake to predict and, if need be, document negative impacts of
development in the upper basin on the food chain.

2. Begin to develop a method for long-term monitoring of relative
abundance of westsliope cutthroat and bull trout in the lake.

3. Determine growth rates and the condition of bull and cutthroat
trout in the lake,

. Creel Census: 198]
The specifics of this study have yet to be completely evaluated by
the Water Quality Technical Committee or the Steering Committee.
The census would have a two-fold purpose.

1. To help quantify the relative contribution of upper river com-
ponents to the Flathead lLake fishery.
2. Determine recreational value of the agquatic resource.

This census would culminate the five-year baseline inventory of the
Flathead River Basin. It would provide relatively accurate fishing pressure
estimates on Flathead Lake, determine seasonal changes in pressure, fisherman
satisfaction and other related information. Besides Tooking at the recreational
values and use, information on fish movements from and within the lake could be
assessed. The composition of the catch from the specific upriver streams could
be assessed in magnitude, distribution and time.

The census could be used to determine a dollar value for water related
recreation. This would reguire the use of both field and mail questionnaires
specifically designed to answer these guestions. The number of recreation
types to be assessed and the study boundaries would determine the dollar value
needed to complete the study.

II. MWater and Power Resources Funded Projects

Studies funded by WPRS for an Appraisal and Feasibility Level Study on
"Powerplant EnTargement and Reregulating Dam Below Hungry Horse Dam."



ITI.

A. Fishery Study

1. To provide the Bureau of Reclamation with the Department of
Fish, Witdiife and Park's best estimate of minimum flows which
will result in the most desirable level of reproduction and
survival of kokanee saimon, mountain whitefish and fish food
organisms.

z. To determine the effects of reservoiv discharge Tluctuations on
survival of incubating whitefish and kokanee salmon eggs in the
Flathead River below the South Fork junction.

3. To quantify the suitable kokanee habitat at staged flows in
Flathead River Basin on additions of flow increments with one
to eight turbine generators; that is, natural fiows from above
the South Fork plus increments o7 approximately 2,500 cfs per
generator.

4,  To monitor delays in upstream migration of aduylt cutthroat trout
as a result of unnatural seasonal Tlow and temperature regimes
caused by discharges from Hungry Horse Dam,

B.  Aguatic Invertebrate Study

1.  To estimate biomass and species diversity and Lo compare life
history characteristics of maior macroinvertebrates in the
Filathead River above and below the confliuence of the South Fork
and in the South Fork of the Flathead River below Hungry Horse
Dam.

2. To make estimates of macroinvertebrate habitat loss as related
to extended periods of minimum discharges from Hungry Horse Dam.

3. To compare the biomass, composition and 1ife histories of the
macroinvertebrate communities altered by reservoir discharges.
Cooperation and coordination with the Flathead Basin Study under
the Environmental Protection Agency's (EPA} guidance will be
necessary te interpret altered and non-altered riverine rela-
tionships.

State: Dingell-Johnson Funded Projects

Fisheries activities under state funded or cost-shared with Dingel-
Johnson funds are projected here for the remainder of the present 1979-
80 biennial budget and for the next biennium (1981-83). A major priority
jtem will be gathering data needed to justify instream flows to be re-
quested as water reservations. Suppori projects will try to fill data
gaps of the EPA and WPRS grant contract studies and will be in the second
high priority area.

The major objective of work in 1979-81 will be to make water reservations
as legal instream water vights to maintain the flows required to sustain
fish and wildlife in each strezam or siream reach, in addition, fish
population estimates and habitat classifications will be made in several
streams.



A, Stillwater River
An ocular habitat survey was made in the autumn of 1979 in coopera-
tion with the 5011 Conservation Service and the U.S. Forest Service.
Fish popuiation estimates, species distribution plus age and rate
of growth parameters will be determined in 1980-281 Fiscal Year for
the surveyed segments of the river, Physical measurements at river
controls will include depth, width and current velocity in incre-
ments of two feet or less of stream width, Streambed materials will
be classified as to particle size and percent compesition in riffles
and/or poois.

Measurements of physical habitat will be made on cross-sections for
principal tributaries. Fish population estimates will be made, species
distribution described and fisherjes habitat classified.

1. Logan Creek
Water quality and temperature data were collected by the Flathead
National Forest and the Department of Health and Environmental
Sciences for the water years 1975,1976, and 1977. Insect abun-
dance was determined at water guality stations under contract
with the Biology Department of the Flathead Valley Community
College in 1975,

The Department plans to make a fisheries habitat survey, fish
population estimates and estimates of age and rate of growth

of important fish species in Logan Creek and its major tribu-
taries. It is believed that resident trout make a major portion
of stream populations., Stream cross-section surveys in
representative and critical habitat will be made as part of the
instream water reservation filing in 1980.

2. Martin, Good and Sunday Creeks
The Department will collect timited water quality samples. Ocular
surveys and stream cross-section data will be gathered for
instream water reservation filing in 1981. Fish population data
will be gathered in 1982.

3. Upper Stiliwafer River
Ocutar habitat surveys will be made in 1981. Stream cross-section
data will be gathered in 1980 for instream water reservation
filing. Fish popuiation work will be done in the 1981-83
biennium along with surveys of the lTower and upper Stillwater
lakes.

B. Whitefish River
An ocular habitat survey was done for the Whitefish River below
Whitefish Lake in 1976 (Hager et al 1977}. HWater quality
data was collected by the Department of Health and Environ-
mental Sciences during water year 1973, Fish population data will



C.

D.

Swan

be collected in the 1981-83 hiennium, The Department will

be measuring stream cross-sections, width, depth and velocity
over controiling riffles and bed material and particie size
classification in cross-sections, '

Qcular physical habitat and stream cross-section surveys will
be done in 1980 on Swift Creek. Some water quality data has
been gathered by the Department of Health and Environmental
Sciences. The Department of Fish, Wildlife and Parks has been
operating a continucus recording temperature station near the
mouth since 1977. Fish population data will be obtained in
1981.

River

Ocular habitat surveys will begi on the main Swan River in 1981.
Stream cross-section surveys in representative habitat and bed
type classification will be conducted in 198]1. Some water
quality data was gathered by the Department of Health and
environmental Sciences in 1972-73, Temperature data was
coliected for the years 1972 and 1973 by the Department of Fish,
Wildlife and Parks and flow data has been collected at two
stations for al least four years (1977-1980). Fish population
data will be obtained in 1983,

Swan River Tributaries

Most significant tributaries to the Swan River had summer
temperatures and water profiies taken for two years (1972-73),
by the Department when population data was gathered. Most
streams should have an ccular survey made in 1982. Stream
cross-section surveys should be dene in 1981.

Holland and Lindberg Lakes

Headwater lakes of the Swan drainage should be surveyed for
chemical and limnclogical parameters in 1983 if sufficient

data are not now available Fish population data (acoustic) will
be gathered in 1980.

Swan Lake
This lake shouid also have acoustical fish population data plus
limnological characteristics gathered in 1983.

Flathead Lake Project

Fish population, composition and relative abundance from netting
was gathered from 1976 through 1980. Accustical population
assessment started in 1974 and is currently being refined to
give reliable population densities of saimon and perhaps lake
trout and the three species of whitefish (lake, pygmy and
mountain).

Recruitment studies of kokanee fry to the lake are underway and
results obtained from 1980 through 1983 should give base recruit-
ment levels.




STUDY PERSPECTIVES

The purpose of the following sections are; 1) to review existing or
potential types of developments in the Flathead River Basin and point out
some of the negative impacts they have or couid have on the aguatic resource,
2) to discuss the complexity of temporal and spatial distribution of fish
species in the Flathead drainage, 3) to review how critical life history
stages of important fish species are being addressed in respect to potential
or existing impacts frum development, and 4) to discuss the importance of
quantifying the relative importance of each component of the basin, how
this information can be used and its iimitations.

Developments: Existing and Potential

To assess the relevancy and approach of the studies which the Montana
Department of Fish, Witdlife and Parks are pres: itly engaged requires a
review of existing and probable developments in the drainage and the scope
of their impacts. Two major categories were used to classify developments in
general. Large-scale, localized developments are those with perturbations of
magnitude to create localized and/or far-reaching adverse impacts. Smail-
scale, incremental developments usually have minimai, localized impact but
the accumulative and aggregate effects of these developments may have a
significant basinwide impact. Accumuiative impacts are defined as the total
effect over time resulting from the sum of the variety of environmental
perturbations produced by one project, development or facility. Aggregate
impacts are the sum of a variety of environmental changes and their total effect
resulting from several projects, developments or facilities.

Examples of large-scaie,localized developments are dams, coal-fired
generation facilities, strip mines, pipe lines or communities. Examples of
smati-scale incremental developments are water withdrawal from streams, Tog-
ging, road construction, oil and gas development or subdivisions. Examples
of accumulative impacts from a large-scale development include the initial
impact of construction of a dam on the immediate area and the resulting loss
of stream habitat following the filling of the reservoir plus those impacts on
the aquatic environment which accumuiate over time including altered water
temperature and flows in waters below the dam. The latter impacts can disrupt
fish migrations, food production, spawning success and rearing. An example
of aggregate impacts of a small-scale development would be a series of water
withdrawals along a stream. As the number of water users increases a point
is reached where stream discharge is reduced to levels which become less and
less suitable for rearing or spawning for fish. Reductions in fish food
production can result and water quality can be rendered unsuitable for irri-
gation. Increased water consumption will eventually dewater the stream and
kill the remaining aquatic biota. By themselves, no single water user may be
responsibie, but as an aggregate, their impacts can be severe.

Existing major developments in the Flathead River Basin include Hungry
Horse, Kerr and the Swan River Dams, Anaconda ATuminum Plant, Tumber mills,
the communities in the valley and others. Dams in the Flathead River System



have been detrimental to both river and Flathead Lake fish populations by
blocking migrations of cutthroat and bull trout, altering annual and daily

water temperatures and flow regimes, and altering natural Take level pat-

terns. Air pollution and subsequent water polliution can result from

emissions from smelters, mills and other facilities. The Anaconda Aluminum
Smelter is presently inthe process of improving emission controls to sig-
nificantly reduce fluorides from the smelter. Communities and large subdivisions
contribute to deteriorating ground water quality through extensive use of septic
tanks. Nutrient loading can and does occur from local sewage plants as well

as from certain agricultural practices (Bedmen and Stark 1980}.  Other impacts
of development along waterways are discussed by Dunne and Leopold (1978)
inciuding floodplain development, stream channelization, etc.

Potential and probably major developments “nclude coal mining in the
Cabin-Howell Creek area in Canada and oil and gas development throuchout the
upper Flathead River drainage in the United States and Canada. Input of organic
and inorganic materials into streams will be the Targest environmental pertur-
bation in the aquatic systems. Localized impacts from strip-mining will
tikely result in accumulative impacts in the aquatic system over a tong period
of time {Matter 1978). The proposed railroad system might also have impacts
on the aguatic system, similar to those observed on the Fisher River {May 1972).
Aggregate impacts will result from Tocalized activity in many relatively small
basins due to surface mining, road and pipeline construction and timber harvest.
these perturbations will impact their respective river systems and Flathead

Lake. Studies underway should help identify the nature and extent of the impacts.

Transportation of oil and gas would reguire pipelines which inevitably
will leak. The potential for Teaking of pipelines would be significant in this
area where annual variation in stream flow is Targe and climatic conditions
severe. Knudson (1979) said 20 pipeline breaks occurred during 1978 in
Montana and 11 of these incidents resulted in 0il and other petroleum related
products reaching state waters. Pipelines often follow streams closely as a
matter of convenience and are subject to floods, bank cutting and other normal
stream actions. Underwater crossings of perennial streams is particularly
dangerous. Energy developments threaten to put increased pressures on the
aquatic resources throughout the west. Additional developments which could
occur in the Flathead Basin or be close encugh to influence the environmental
quality are coal-fired and nuclear powerplants. Emissions from coal-fired
plants contain sulfur and nitrogen oxides which can be chemically converted to
sulfuric (H,S0,) and nitric (HNG3) acid in the atmosphere by oxidation.
Transport o% tﬁese materials can occcur over long distances crossing both
geographical and political boundaries. These materials may return to earth
as rain and snowfall known as acid rain. According to a recent EPA document
(EPA 1979) acid rain may be one of the most significant environmental problems
of the coming decade.

Water quality data from various parts of the Flathead River Basin indicate
that those streams draining the west-facing slopes are pooriy buffered due
primarily to the nature of bed material and the presence of large jakes in
those drainages which act as nutrient traps. Aguatic 1ife in these takes and
streams would be particularly susceptible if acid rains occur.



Enother type of development which will probably cccur in the drainage
is pump storage. As peaking power from hydroelectric projects become more
valuable it will be economically feasible to pump water into storage reservoirs
during off-peak periods at night, on weekends and during high stream flow
periods and releasing it when peak power is needed. This will result in the
Toss of more miles of streams and disruption of downstream temperature and flow
regimes. An inventory of pump storage sites in the northwest was prepared by
the U.S. Army Corps of Engineers (1976).

Existing small-scale incremental developments inciude timber harvest,
road construction, subdivision, water diversions or withdrawals and others.
Timber harvest is a significant existing and continuing form of resource
development that can have both localized and large-scale aggregate environ-
mental impacts. Timber harvest can aiter water auality and guantity, nutrient
input into streams. disrupt streambank stability, reduce cover and increase
sediments into streams. Road construction and -ssociated sediment runoff is
also a major impact of timber harvest.

Harvest of beetle-kilied lodgepole pine in the Flathead River drainage is
resulting in clesarcutting Jarge areas. One cul proposed for a small tributary
to Trail Creek on the North Fork wouid result in the harvest of over 17 million
board feet of timber without a draft FIS being filed. Large ciearcuts and
roads are increasing in numbers in many parts of the drainace such as the
upper North Fork and upper Stillwater River drainages and will probably increase
in the Swan River drainage. Lland clearing has aisc been extensive in some
areas for agricultural land during the last 10-15 years. Harvest is occurring
on both private and government owned land in the United States and Canada.
Large cuts are planned for the upper reaches of Spruce and Kishenena {reek in
Canada. These streams drain into a seclion of Glacier National Park set aside
as a primitive area.

Low hydroelectric dams, those with less than 20 meters of head, are being
bitled in some camps as a significant source of electrical energy which does
not cause air or waler poilution. The Swan River is presently cutoff from
Flathead Lake by one such dam. Une site is being deyeloped by the Forest
Seryice on Addition Creek near Spotted Bear and reportedly they want to develop
a similar site on Big Creek up the Horth Fork. The cumulative effect of these
low-head hydro arojects on the migratory fish populations in the North Fork
would be nothing Tess than disastrous. Studies are underway fto assess the
potential for Tow-head hydro in the northwest (Lomax and Robinette 1978).

Road construction can result in environmental periurbations by altering
the hydraulic nature of a stream through channelization and constriction
resulting from narrow bridges or culverts. Migration barriers can result from
improper placement or size of culverts. Input of sediment is probably the
single largest negative impact of rcad construction of forest lands. Sediment
input can result from failure of o0ld roads, vrunoff near stream crossings etc..

Subdivisions can contribute to ground water poliution through septic tanks.
This is particuiariy frue in areas with high water tables or in floodplains.



Water diversions for domestic or agricultural use may be a significant form
of development in certain parts of the drainage such as the Tower Whitefish
and Stillwater Rivers and some smaller streams in the area.

Fish Distribution and Movements

Most of the historical data collected on the fisheries in the Flathead
River Basin was collected for specific management objectives and is low in
resolution. Confounding present investigations are the reiatively low fish
densities spread across a large and diverse drainage and the complexity of
temporal and spatial distributions of the major fish species including
cutthroat and bull trout, mountain whitefish and kokanee which reguire much
effort just to obtain basic 1ife history informetion.

The major native fish species in the drainage have developed a migratory
pattern that takes them through nearly every aquatic habitat type in the system
during their 1ife cycle. These wide ranging movements must be assessed to lay
the framework for identifying habitat components that are critical to mainten-
ance of Tife cycie processes. The relatively snhort time frame of this study
necessitates studying all the components of the system simultaneously to reduce
the effect of natural variation of the study results. Another approach wouild
be to follow one or two year-ciasses through an entire Tife cycie which would
require seven to eight years of study or longer. Although it is probably the
best approach, it is not suited to this study because of time constraints.

The annual fisheries report for 1979 contains a detailed description of
the life history of each major fish species under investigation. Brief
descriptions of general life history patterns are presented below to illustrate
the complexity of fish movements and distribution in the drainage. The follow-
ing information is a composite of data collected using traps, mark and recapture
fish, general seasonal sampling (electrofishing, snorkeling etc.}, creel census
and a review of available literature.

WestsTope cutthroat trout native to the Flathead River Basin exhibit three
main Tife history patterns across their range: 1) migratory between lakes and
streams, 2) migratory from small tributaries to main vivers and 3} non-migratory
tributary stocks. These life history patterns have been referred to as adfluvial,
fluvial and resident, respectively. Adfluvial and resident forms are found in
all three forks of the Flathead River. Adfluvial fish in the North and Middle
Forks migrate to and from Flathead Lake, while those in the South Fork use Hungry
Horse Reservoir. Spring spawning cutthroat from Flathead Lake have traveled
upstream as far as 136 miles before entering a tributary stream. Juvenile
cutthroat rear two to three years in tributary streams and attain lengths of
four to seven inches before moving downstream through the river system into the
lake. Sexual maturity is generally reached after two vears in the lake at a
size of 12-16 inches. They feed primarily on invertebrates throughout their
tife cycle.
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The distribution of fluvial cutthroat trout in the drainage is under
study. 1t appears that a significani popuiation is present in both the North
and Middle Forks. A creel census in 1975 found that the cutthroat trout
larger than ten inches comprised 54 percent and 16 percent of the catch in
the Middle and Nerth Forks, respectively (Hanzel 1977). Cutthroat smolts are
generally less than ten inches Tong. Therefore, these fish are probably
residents of the river or fluvial. Work is continuing in both drainages to
determine and assess movements and growth of fluvial cutthroat trout.

Slow growth and low densities of cutthroat trout in the iributaries
have made collection and analysis of population data in this drainage difficult.
Short growing seascns, low water temperatures and tow productivity are some of
the apparent limiting factors to growth and population size. The harsh and
relatively unproductive nature of the upper river system has favored the
development of migratory fish forms.

Bull trout are native to the Flathead Rive. drainage and occur in all
three forks. Bull trout in the Flathead River Basin are largely adfluvial in
nature with only smali groups of resident populations occurring in a few small
streams. They have a 1ife history similar to the adfiuvial cutthroat trout
except the bull trout spawn in September and October. Juvenile bull trout
generally spend two years im fributary streams growing five to seven inches in
length. The time required to move from the tributaries to the lake is unknown
but out-migration from tributary streams occurs during the spring runoff and
into early summer. Sexual maturity generally occurs at five to six years of
age with fish ranging from 20 to 26 inches in tength, Mature bull trout have
traveled over 120 miles upstream from Flathead Lake to spawn in tributaries
in Canada.

Mountain whitefish spend most of their lives in large rivers, although
they do migrate within the river. Juvenile and adult whitefish have been
observed in the lower reaches of several of the larger tributaries to the North
Fork during the summer, possibly a feeding movemnent. Spawning migrations have
not been observed in small tributary streams in the Flathead River drainage
although they do occur in the Kootenai River drainage (Huston 1973). Spawning
occurs in late fall and is known to occur in many areas throughout the river
system, Young-of-the-year whitefish were collected in several backwaters and
side-channels of the upper North Fork this summer. Work is continuing on
assessing seasonal movements and growth rates through river electrofishing,
snorkeling, river traps and tagging.

Sculpins are the only other native fish species in the upper Fliathead River
drainage. Identification of the two or three species present in the system
is difficult using morphometric and meristic characters. Two species are
reportedly in the basin, the shorthead {Cottus confusus) and siimy sculpins
{(Cottus cognatus). Fish examined thus far indicate considerable overlap in
morphological characteristics. A third sculpin species, the mottled sculpin
(Cottus bairdii), has been identified in a North Fork tributary but this is under
further study. Studies are continuing on species separation with emphasis on
determining a relatively accurate field identification key. Sculpins have been
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found in all tributaries to the North Fork and in the main North Fork where
electrofishing samples were taken. They spawn in the spring on the underside
of stones. It is believed they exhibit migratory movements. They are found
in the river and in the lower reaches of some streams. They feed primarily

on aguatic invertebrates and their small size makes them suitabie as a food
source for trout. Work is continuing on species distribution, movements and
feeding habits. Their importance as an indicator species for environmental
quality is also under review.

Fish Population Status and Habifal Assessment

Monitering the status of the aguatic environment, documenting changes
and managing it as a resource requires that sufficient data regarding existing
conditions are collected. This information should be collected in such a way
that it can be integrated into inventory syste s that are used in planning
and decision making. For example, the Land System Inventory is used extensively
by the U.S. Forest Service in land mangement decisions (U.S. Forest Service
1976). Platts {1976} discussed the difficulties in integrating fishery infor-
mation inte the planning process. Platts (1979} also described a system
that could be used to integrate fisherv data inte the Tand classification system
in the area and in Idaho where extensive fishery data has been collected.

In British Columbia, the Resource Analysis Branch of the Ministry of
Environment is charged with the inventory of the river basins throughout the
province. We met with the Head of Aguatic Systems, Tom H. Chamberiin, and
reviewed their system and methods. Their system was the basis for our habitat
inventory cards. Their multidisciplinary approach offers many advantages over
any system observed thus far in the United States. . Some of the data we collect
pertains more directly to the watershed than directly to the fishery, but
should be useful in a Tand inventory system. We employed terminology common
to hydrology and geology where possible. The Resource Analysis Branch has
inventoried mosi of the tributdries on the Canadian portion of the Flathead
River. Their inventories were of somewhat lower resolution than ours, although
stream reaches were mapped.

Another facet of the planning system involving the aguatic resource is
the allocation of water. In Montana, Senate Bill 76, enacted in 1978, set up
state water courts to adjudicate water rights which existed prior to July 1,
1973. Those water rights must be refiied by December 31, 7981,  The Montana
Department of Fish, Wildlife and Parks acguired water rights for instream flows
in the North Fork, Middle Fork and parts of the South Fork and main Flathead
Rivers prior to July 1, 1973 under what has become known as Murphy's Law which
was enacted in 1970 to provide for instiream flows for fish and wildlife in
several blue-ribbon trout streams in Montana.

The Department intends toc refile these claims to December 31, 1981 to
assure legal protection for instream flows needed to maintain the aquatic
resource. In the process of documenting the status of the aguatic environment
in the upper Flathead River drainage in this study, this data will also be
useful in establishing the quantities of water necessary to maintain native,
cold water fish species.

-
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Our studies are geared to fit into existing planning processes. Funding
sources and cbjectives vary in specific intent, but our approach is to coor-
dinate all fisheries studies presentiy being conducted by the Department in
the Flathead River Basin for use in systems inventories and predictive models.

Fish species under study were selected: 1) to represent the variety of
Tife cycles present in the system, 2} because they were native or a valuable
local, regional, or national resource, and 3) if their distribution or sensi-
tivity to disturbances made them useful in predicting or documenting changes
in the aquatic environment. Methods and information from studies of cutthroat
trout, bull trout and kokanee salmon are discussed semi-annually or more
frequently with researchers in British Coiumbia, Idaho and Montana. These
interchanges occur with field biologists as well as university fisheries
scientists. This has been particularly helpful in developing a habitat
analysis program and in unraveling problems encountered in studies of Tife
history and development of westslope cutthroat “rout.

In the field, a coordinated effort is ongoing to correlate various physical
habitat components with fish use. Hydraulic stream measurements including
discharge, wetted width, bank stability, average depth, gradient and vailey
flat, bed material measurements including compaction, lag deposits, D9G,
inbeddedness and texture and such parameters as percent of five pool c¢lasses,
percent pool:riffle:run, bank material, debris, riparian vegetation, and channel
cover. This system is similar to the multi-disciplinary system used by the
Fish and Wildlife Branch in Vicioria, British Columbia. Water temperature,
aquatic invertebrate and water guality samples are also available for many
streams. Fish census are conducted using both snorkeling and when possible,
etectrofishing.

Correlations are presently being assessed to determine habitat suitability
of each stream reach and identify important variables. Although habitat
component analysis has been done in several areas. we are not aware of any
detailed analysis in a drainage with a dominant cutthroat and bull trout species
complex. Habitat preference data for bull trout is scarce.

Therefore, we are developing a study to begin this summer to delineate
habitat preference and species interaction of juvenile cutthroat and bull trout.
This study will attempt to bridge the gap between habitat surveys and fish
censuses and provide data much more suitable for site specific impact assess-
ments. We are presently assessing food habits, movement and distribution of
both species. The habitat selection study tentatively will be done in Trail
and Red Meadow Creeks in the North Fork drainage. Trail Creek is predominated
by bull trout in the Tower reaches and cutthroat trout in upstream areas. Red
Meadow is comprised of relatively evenly mixed populations of both species.

A map of ecological subsections for western Montana was prepared by the
Forest Service (1976). It breaks down land units, climate, vegetation type
and geology and attempts to describe the general characteristics. It is a
vatuable tool but the resolution is too low to be useful in describing land
types.  The hierarchy used in the Forest Service land classification (Wertz
and Arnold 1972) is as follows:
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A personal communication with Al Martinson. 2 soil scientist for Flathead
National Forest, explained that the first three groups are the result of
combining similar features at different scales. The last four groups are
the result of splitting differences at decreasing scales {i.e. a land type
association may cover five scuare miles and be roken into land types that
encompass only one-half square mile).

In order to incorporate fishery data into these groups and maintain the
necessary resolution, sufficient data must be gathered at each level to identify
the relationship between the watersheds and the fish populations. This requires
more intense study as land units are subdivided. The Flathead Hational Forest
is presently identifying Tand types and the North Fork is programmed for the
summers of 1980 and 1681. HMore limited work will be done in the wilderness areas
including the upper Middle Fork of the Flathead River. When the land types are
jdentified, data from this study will be valuable for integrating fishery infor-
mation with the land type common in the Flathead River drainage and other similar
areas.

Another important aspect of this study which will be initiated this summer
is the quantification of instream flows in the North and Middle Fork Rivers for
maintenance of native fish species. Initial investigations in side channel
areas on the North Fork shawed their importance as spawning and rearing areas for
mountain whitefish., We will continue to determine other important flow related
habitat components. Methods presently being used for instream flow determina-
tions are being evaluated to develop a practical method for the North and Middle
Forks. The methods used will be determined by their ability to describe the
effects of flow on maintaining specific aspects of the aguatic environment, i.e.
flows needed for fish migrations, spawning and channel maintenance.

The Flathead Lake fish food habifs study will help establish a better
relationship between water quality and fish population density. Because of
the immensity of the lake and the variety of fish species, two projects will
be ongoing simultaneously. The study funded by the Flathead Basin Steering
Committee will assess the food habits of cutthroat and bull trout and kokanee
salmon, and begin to develop an index of abundance for the two species of trout
for long-term monitoring. The study will also investigate the present growth
rates and condition of these species in the lake. Ancther study funded by the
Department of Fish, Wildlife and Parks will assess food habits of Take whitefish
and Take trout. laney Hanzel is presently in the process of analyzing age and
growth data on kokanee salmon in the lake. He has also developed a method for
assessing the relative abundance of kokanee in the lake using electronic acoustical
gear. This culminates many years of studies on Flathead Lake and a report should
be forthcoming in the next vear.
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Hungry Horse Dam has caused the single, largest impact on the fishery
in the Flathead Basin. Besides present impacts on waters below the dam
caused by peaking discharges, it reportedly isclated 60 percent of the cutthroat
and bull trout spawning and rearing areas in the drainage from the fish popula-
tion in Flathead Lake. investigations funded by the Water and Power Resources
Service are underway to determine the feasibility of powerplant enlargement
and reregulating dam below Hungry Horse Dam. The study is geared toward
determining the specific impacts of the existing water discharges and tempera-
tures on the critical 1ife stages of fish and invertebrate popuiations in the
Flathead River. Under study are the effects of discharge from Hungry Horse
Dam on: 1} spawning success of kokanee salmon, 2} upstream spawning migration
of cutthroat trout and 3) agquatic invertebrate ponulations. A progress report
will be available in Aprilt 1980.

Kokanee salmon spawning is being assessed in upstream areas such as
McDonald Creek and Nyack Flats for control purp: ses. Studies downstream from
the South Fork involve delineatinc spawning areas at dewatered, partially
watered and control sites. Monthly collections of all fish are made at three
sites in the Flathead River except during the spring spawning period when
weekly collections are made to assess upstream movement. Radio transmitters
are being implanted in cutthroat trout to more accurately monitor their movement
patterns in respect to changes in discharaes from Hungry Horse Dam.  Presently
the aquatic invertebrate study is coilecting baseline information in regulated
and unregulated portions of the river., Experimental work will begin on the
effect of flow fluctuations on community composition and fish food abundance
during the next phase of the study.

Basin Component Analysis

A major emphasis of this study is quantification of the relative impor-
tance of each component of the basin for providing habitat, food and the
medium necessary for maintenance of the aquatic ecosystem. Historically,
resource protection when pitted against development was a win or lose confron-
tation. Today, efforts to minimize and mitigate development are becoming
more common. In fact, alternatives for many developments previously accepted
as necessities are actively being sought as we guickly squander our diminishing
resources. Understanding of the inter-relationships and relative importance of
various components of the river basin are necessary to provide wise decision
makers with the information needed to balance development and resource exploita-
tion to assure that natural systems are preserved and that human needs can be
met in future generations.

Major breakdowns of the component analysis inciude: 1) a tributary stream
rating system, 2} a comparison of the North Fork and Middle Fork River Basins,
3) the Flathead River downstream from the South Fork {(the regulated stream
reach), and 4) the components of Flathead Lake including the "estuary" area
from the Foys Bend to the river delta, the major arms of the lake and Poison Bay.

Tributary streams and their respective segments or reaches will be rated
as to their known or predicted value for spawning, rearing, passage and other
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processes in the 1ife of the major native Tish species. The inventory methods
we are smploying should aid in determining the sensitivity of various stream
reaches into certain types of deveiopment. The invenitory begins by breaking
streams down into reaches based on repeating patterns of homogenous variability.
These units are a type of ecological response unit {ERU} referred to by

States et al (1978). The ERU's are geographical units of land that, 1) possess
common vegetative, topographic, elevational and edaphic or aguatic character-
istics, and 2) respond to envirvommental influsnces more of less uniformly
throughout. This information can be incorporated into the Land System Inventory
when it is completed.

Reaches are classified and within each reach a representative segment is
quantitatively inventoried and fish are counted in each habitat type and tallied
by size class and species. A second-year study is being initiated to determine
specific habitat recuirements of Jjuverile cutiheoat and bull trout.  Other
inventory data includes a large-scale inventory of bull trout spawning areas
by counting redds in the fall and measuring depth, velocity, gravel size, dis-
tances to cover eic. Singie and multiple paramefers or groups of parameters
for associated siream reaches.

As with the structure of the Land System Inventory, stream ciassifications
must start by grouping similar characteristics before they are split by
differences. The variability of productivity, runoff patterns and other
characteristics from east to west slone streams and beiween river basins are
ways of grouping streams. Unfortunately, no one or two sireams are representa-
tive of the basin. We found it necessary to inventory bhoth the North and
Middle Fork River basins. Only in this way can we assess the relative contri-
bution of each drainage to the Flathead Lake fishery. Estimates are that
60 percent of the spawning and rearing area for production of fish for the
Flathead Lake fishery was lost wheh Hungry Horse Dam was built. Incremental
development in the upper basin, although not necessarily causing the loss
of any one tributary system, may be reducing the carrying capacity of several
tributary streams thereby having the same effect.

The Flathead River downstream from the South Fork is important seasonally
for spawning and incubation of kokanee salmon egys during the fall and winter
and as a conduii for upstream migrating culthroat trout in the spring, bull
trout in the summer and downstream migrating juveniies from the spring through
autumn. 1t also provides year-around residence for mountain whitefish and
probably for some forms of wesislope cutthroat and rainbow trout. This seg-
ment of the river is under intensive investigation in 2 study funded by the
Water and Power Resources Service.

Flathead Lake provides an area where most of the major game fish in
the basin can grow to maturity. WMigratory species then return fo upstream
waters to spawn while other species such as lake trout and lake whitefish spend
their entire 1ife in the lake. \Upstream developmentis which affect the chemical
composition of the water could alter the food chain of this Jarge, oligotrophic
Take. Besides studies on food habits, growth rates and developing indices of
abundance, a creel census is necessary on the Flathead System to; 1) guantify
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the present harvest, pressure, success, species composition etc., 2) assess
recreational value of the aguatic resource, 3} determine relative importance
of various river or tributary systems to the lake and river fishery, and 4}
assess relative importance of each segment of the basin in providing guantity
and quality recreation.

The value of a natural ecosystem is hard to determine in dollars and
cents. This creel census would add another dimension Lo the study that
would be valuable for planning the future of the basin. It should not be
the only source by which the value of agualic resource 1s measurec. The number
of visitors to Glacier Park and increased pepularity of the wild and scenic
rivers in the area also serve to 1liustrate the imnortance of the intrinsic
values of coexistence with nature.

Lands and resocurces once considered untouchable are oniy beginning to
feel the pressures of an epergy hungry country These studies alone will not
protect or mitigate the loss of our natural resources. Only man can do that.
While it has long been argued that we can not put a dollar amount on intrinsic
values of our natural resources it should be remembered that is 1s not the
fault of the resources but of our own vaiue system,

- 17 -



LITERATURE CITED

Bodmer. S and N. Stark. 1980. Final Report on Studies of Non-Point Source
Pollution in the Upper Flathead ODrainage. School of Forestry. U of

Montana, Missoutia.

junne, T and L.B. Leopold. 1978, Water in Environmental Planning.
Freeman and Co., San Francisco  817pp.

Hager, R.L. and R.J. Domrose, and D.L. Tennant. 1978. Whitefish River
Natural Resource and Physical Features Inventory. USDA, S£5, Bozeman,
Mt.

Huston. J4.E. 1973, Reservoir Investigations: i .otenat River Study. dJeb
Progress Report. F-34-R-6. IV-a. Montana Dept. Fish and Game.

{omax. C.C. and M.J. Robinette. 1978. Studying the Northwest's Low-Head
Hydro Potential in Low-Head Hydro compiled by: J.5. Gladwell and C.C.
Warnick. Idaho Water Resources Research Institute, Moscow. pp 174-176.

Platts, William S. 1976. Validity in the use of aquatic methodoiogies to

document stream environments for evaluating fishery conditions. Instream

Flow Needs Proceedings, Vol. 2, pp.267-284. Am. Fish Soc., Bethesda, Md.

Platts, William S. 1979. Including the Fishery System in Land Plianning.
USDA For. Serv. Gen. Tech. Report. Into-60. Intermt. Reg., Ocden, Utah

37pp.

States, J.B. P.T. Haug, T.G. Shoemaker, L.W. Reed and E.B. Reed. 1978.
A systems approach to ecological baseline studies. FWS/0BS-78/21.
U.S. Fish, Wildi. Serv., W. & L. U.T., Fort Coilins, CO

U.S. Avmy Corps of Engineers. 1976 Punped-storage in the Pacific Northwest,
an Inventory. Report No. 26. North Pacific Division, Portland.

U.S. Forest Service. 1976. Land System Inventory uide. USDA, Northern
Region, Missoula, MT. £9op.

Wertz, William A. and John F. Arnold. 1972. Land Systems Inventory.
0SDA For. Serv., Intermt. Reg., Rp. Ogden, Utah.

-« I8 -

'\.4





