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SUMMARY

This report recommends a fish abundance and aquatic habitat monitoring
program for the Upper Flathead Basin. We recommend estimating fish abund-
ance, age and growth, inventorying bull trout spawning sites, and assessing
streambed composition in bull trout spawning areas in selected tributaries
to the North and Middle Forks of the Flathead River. Habitat surveys
should be repeated in tributary drainages as development occurs or following
catastrophic natural events. We also recommend monitoring relative fish
abundance in five areas of Flathead Lake during the spring and plankton
populations at one site in Flathead Lake from mid-April through mid-

Cctober.

I. North and Middle Forks of the Flathead River
A. Fish abundance

1. E?ectrofishing

a. Estimate numbers of fish by species for fish 75 mm and
larger. '

b. Block fences (nets can be used in streams less than
10 cfs).

c. Bank shocking techniques must be used in stream 10 cfs
or larger. Backpack shockers may be used in inaccessible
streams less than 10 cfs.

d. Two-catch estimators may be used in streams less than
20 cfs, providing probability of capture is great (p>0.6).
Calculate probability of capture in the field:

L 6 -G
(p = T where C4
Co

]

number of fish captured during
first pass

number of fish captured during
second pass) _

il

e. Mark-recapture estimators must be used in streams larger
than 20 cfs and in all streams smaller than 20 cfs where

probability of capture is low (p<0.6).
2. Snorkeling

a. Count fish by species and age class while moving upstream
through 150 m sample sections in tributaries.

b. Count fish by species and size class while moving upstream
in every pool, 50% of the runs and two or three represen-
tative riffles and/or pocketwaters in two 3.0 km sample
sections of the Middle Fork of the Flathead River.



B. Age and growth

1. Take scale samples from above the lateral 1ine between the
dorsal fin from ten fish in each 10 mm size range captured

during electrofishing.
2. Make cellulose acetate impressions of scales.

3. Read scales and measure distances from the focus to each ‘
annuli and the scale's edge.

4, Analyze data on computer programs.

C. Bull trout redd inventories

1. Conduct preliminary surveys during the fall when maximum
daily water temperatures drop to approximately g°C.

2. Conduct final redd counts when few fish and numerous redds
are found in the spawning grounds.

3. Classify all redd observations according to established
criteria and locate each redd within the survey area by

pace number.

4. Measure depth of the water over the front edge of the
depression.

D. Streambed composition in bull trout spawning areas .
1. Remove 10 kg samples from four sites along each transect.

2. Take a 1.0 liter Imhoff cone sample of water from within
the corer and let settle for 20 minutes before reading

the settleable material as mg/1.

3. Record the depth of water within the corer.

4, Transport the sample to the USFS Soils Laboratory, dry and
shake through a sieve series consisting of 76.1, 50.8, 16.0,
6.35, 2.0 and 0.063 mm sieves.

5. Weigh the material in each sieve.

6. Analyze data using appropriate computer prog%ams.

II. Flathead Lake

A. Relative fish abundance

1. Set two-38.1 by 1.83 m (125 by 6 feet) standard floating .

iy



gill nets and standard sinking gill nets tied end to end
at three sites in five areas of the lake during the spring.

The lake should be isothermal at 4 to 5°C at the time of
sampling. Measure temperature profiles at the netting
area to document this jsothermal condition.

Record ]ehgths and weights of all fish by species.

Check gonadal condition and collect scaTe samples for all
trout and salmon.

?. Zooplankton

1.

Two 15 m vertical plantkon tows should be collected biweekly
near Bigfork from mid-April to mid-October.

Combine both samples into a single sample bottle.

Count the number of each species in three to five 1 mil
samples on a Sedgewick-Rafter cell after diluting with a
known volume of plankton preservative. Expand the numbers
to a total sample.

County Leptodora and adult Epischura for seven to 10 percent
of the sample.
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INTRODUCTION

. The Flathead River Basin Environmental Impact Study was initiated in 1978

to collect baseline natural respurce information. The Montana Department of .
Fish, Wildlife and Parks (MDFWP) was responsible for the fisheries portion of
the study During this study, methodologies to document fish abundance and the
condition.of the aguatic habitat were. deve]oped and evaluated (Montana Department
of Fish and Game 1979, Graham et al. 1980, Leathe.and Graham 1981, Fraley et
al. 1981, -Leathe and Graham 1982, Shepard et al. 1982). Another aspect of the
f]Sherles investigation dealt w1th the utilization of the fish resocurce by the
angling public (Fredenberg and Graham 1982, Fredenberg and Graham 1983, Graham
and Fredenberg 1983). Other fish resource investigations presently be1ng con-
ducted in the upper Flathead Basin by the MDFWP include: 1) assessing kokanee
- salmon populations in Flathead Lake, and their use of lakeshore and upriver

spawning areas (Hanzel 1964, McMullin and Graham 1981, Fraley and Graham 1982,
Decker-Hess and Graham 1982); 2) sport fish use of the Swan River drainage above
Swan Lake, and potential impacts of micro-hydro development on this resource
(Leathe and Graham 1983); and 3) the response of cutthroat and bull trout popu-
lations and their habitat to logging activity in the Coal Creek drainage (Shepard
and Graham 1983).

The purpose of this report is to recommend a fish abundance and aquatic
habitat monitoring program for the waters of Flathead Lake and drainages of
the North and Middle Fork of the Flathead River. The monitoring program is
organized in two parts: 1) North and Middle Fork drainages and 2} Flathead
Lake. Methods and monitoring procedures are presented, including: 1) rationale,
2) assumptions, 3) sample sites, 4) equipment needed, 5) procedures, 6) esti-
mators, and 7} report format. These monitoring procedures could also be
applied to other waters in the region. Sample sites and sampling frequencies
were prioritized based on a desire to provide a variety of information in
developed and undeveloped (control) sites. Lower priority sites would serve
to increase sample size rather than provide more diversity of sites. Monitor-
ing costs were computed by sampling procedure and by sample site using 1982
dollar:walues {Appendix A{

The need for some type of long term monitoring in the basin was recognized
by Graham (1980) and Fraley et at. (1981). Fish resource information collected
during this study provides an exhaustive data base against which future data
can be compared to evaluate changes in fish abundance and habitat. The rela-
tive merits of various methodolegies have been evaluated during the five years
of this study to recommend preferred methodologies for collecting data. The
procedures selected for monitoring the fish resource described in this report
must be followed precisely to facilitate meaningful comparisons between the
baseline data collected to date and data collected in the future.

The major problem one faces in designing a long term monitoring program
is balancing the need for precise and accurate data within a limited budget.



Methodologies presented provide for a range of resolution based on sampling
intensities. An estimate not meeting the precision recommended can be re-
ported but should be used cautiously. Reliability can be improved by in-
creasing the number of sites sampled and the frequency of sampling.

The minimum monitoring program described will provide data to index
trends in fish abundance and habitat conditions. The number of sample sites
and sampling frequencies should be increased to fine tune monitoring both

spatially and temporally.



NORTH AND MIDDLE FORKS QF THE FLATHEAD RIVER

The monitoring program is designed to collect information on fish popu-
Jations in developed and undeveloped stream drainages. Monitoring undeveloped
drainages in Glacier National Park and adjacent wilderness areas will provide
neontrol" data on natural fluctuations in fish populations, in contrast to
fluctuations in populations potentially impacted by man-caused perturbations.
This monitoring frogram can provide fisheries professionals with the necessary
information to assess cumulative impacts of seemingly unrelated impacts upon
the fish resource. When monitoring a complex, dynamic biological system, such
as fish populations in the upper Flathead Basin, data collection must continue
over a long time period (several decades) to account for variability associated
with environmental conditions, relative year class strengths .in fish popula-
tions, and precisions of methodologies. More intensive investigations would
be warranted when:

a) fish population levels seem to be decreasing, or

b) to provide information in areas where proposed development may affect
fish habitat or fish abundance.

A factor complicating the development of a monitoring program in the upper
Flathead Basin is the mixed ownership of land in the basin. Tributaries drain-
ing the west and south portions of Glacier National Park flow into the North
and Middle Forks of the Flathead River, respectively (Figure 1). The upper and
middle segments of the Middle Fork of the Flathead River and its ‘tributaries
flow through U.S. Forest service land comprising the Bob Marshall and Great
Bear Wilderness areas, respectively. The U.S. Forest Service manages the
“‘majority of remaining land in the upper river basin under multiple use with a
small portion of land under private and State ownership. These various land
managers often have diverse management objectives, resulting in a wide range
of land management activities occurring within the basin. For this reason, any
Tong term monitoring effort must be coordinated with the various agencies and
individuals affected.

FISH ABUNDANCE

Qur study relied on a single fish abundance assessment technique to make
meaningful comparisons between streams within the upper Flathead Basin. Snor-
keling was chosen to assess fish abundance because: 1) the study area was
extensive (27000 km?) with large portions being inacessible by road; 2) waters
jnventoried included streams draining Glacier National Park and the Great Bear
and Bob Marshall Wilderness areas where the use of motorized equipment is pro-
hibited; and 3) snorkeling was reported to be an effective method to assess
- fish abundance in clear, low conductivity waters (Northcote and Wilkie 1963,
Goldstein 1678, Whitworth and Schmidt 1980, Griffith 1981). Fish abundance
was also estimated using electrofishing techniques in a limited number of
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accessible sites to evaluate the relative efficiencies of snorkel counts and
estimates computed using mark-recapture {Vincent 1971}, two-catch {Seber and
LeCren 1967) and multiple-catch {Zippin 1958) electrofishing estimators.

Future monitoring will focus on guantifying yearly variation of fish abun-
‘dance in stream sections sampled consistently vear after year. We recommend
using electrofishing techniques to assess fish abundance in accessible sireams

because:

1)

2)
3)

the precision of electrofishing estimates can be esiimated and reported,
providing a measure of reliabiltity:

There is less bias associated with changes in field personnel; and

estimates derived using electrofishing techniques are presently better
accepted by fisheries professionals.

After analyzing fish abundance estimaticn data collected during this study and

reviewing pertinent literature, we documented the rationale followed in developing
the following fish abundance monitoring guidelines {Appendix B).

were.

1)

2)

3)

In streams less than 10 cfs, use a two-catch electrofishing estima-
tion technique. 1In these small streams adequate numbers of fish can be
captured using a back-pack mounted generator-Variablie Voltage
Pulsator combination (Coffelt or equivalent). Probability of capture
(B} should be higher than 0.6 to obtain reliable results.

In streams 10 tg 20 cfs, two-catch electrofishing estimation can be
used; however, p values must he higher than 0.6. Bank shocking tech-

niques (see "Mark-Recapture Procedure,” p. 10) must be used.
If the P value falls below 0.6 for a sample site, a mark-recanture
estimate should be used instead of tne two-catch estimate.

In streams larger than 20 ¢fs, use a mark-recapture estimation tech-
nigue and electrofish the sample section using bank shocking proce-

dures.

Snorkeling is the only viable technique to assess fish abundance in streams
within Glacier National Park and wilderness areas. Priorities were assigned to
the recommended fish abundance sampie sites beased on a desire to adequately
assess the diverse fish populations present within the drainage (Table 1).

Electrofishing

Sampie Sites

Sample sections for monitoring fish abundance using electrofishing
techniques were established in tributaries to the North and Middle forks of

Our conctusions
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the Flathead River. Langford, Coal, Cyclone, Red Meadow, Whale and Trail
creeks were.selected for monitoring fish abundance in the North Fork drainage
(Figure 2). Challenge, Morrison and Qle creeks were selected for monitoring
fish abundance in the Middle Fork drainage (Figure 3). Maps showing exact
sample site locations were prepared (Appendix C). Conduct all electrofishing
estimates in the late summer except those in Langford and Challenge creeks
which should be conducted in late June (Table I).

Equipment

Equipment needed to electrofish sample sections includes gear to block
off the section, capture fish, collect information from fish and record data

(Appendix D).
Mark-Recapture Assumptions

1) Marked fish suffer the same natural mortality as unmarked fish (or
mortalities caused by marking are removed from the population and
added to the final estimate separately).

This assumption can be met by handling captured fish with care and
recording all mortalities.

2} Marked fish are equally vulnerable to the method of capture as are
unmarked fish. .

If fish are segregated by species and include only fish 75 to 250 mm,
this assumption will be met.

3) Marked fish do not lose their mark.

Tag loss can be réducediby proper application of the mark.

4) Marked fish become randomly mixed with unmarked fish; or the dis-
tribution of fishing effort in subsequent sampling is proportional
to the number of fish present in different parts of the body of

water. .

Assumption 4 can be reasonably met if all fish captured during the marking
Tishings are distributed throughout the sample section at the time of release
and 2llowed two or three days to redistribute naturally before the recapture
fishings. -

5) A1l marks are recognized and reported on recovery.

This assumption will be met if assumption 3 holds and cantured fish are
examined carefully after the recapture fishings.
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6) There is a negligible amount of mortality, movement and recnuitment
to the catchable population between the marking and recapture fishings.

Assumption 6 can be satisfied by doing the recapture fishing a short time
(2 or 3 days) following marking fishings and maintaining block fences of 12.7
mm mesh hardward cloth at the upstream and downstream boundaries of the sample
section. Fish in upper Flathead tributaries were found to be highly mobile and
movement frequently occurred during summer months when abundance estimates should
be conducted. For that reason, we recommend using block fences during all electo-
fishing estimates. We believe these block fences effectively block movement of
fish 75 mm and larger, and recommend estimates be made for .fish of that size.

Mark-Recapture Procedure

Place block fences (12.7 mm mesh) at the upper and lower boundaries of
the shocking section. Pound fence post through the hardware cloth approximately
0.30 m above the bottom edge of the hardward cloth. The bottom edge of the hard-
ware cloth must be facing upstream (Figure 4). Place rocks and gravel on the
bottom portion of the hardward cloth and around the fence posts sealing the
bottom of the block fences to prevent fish from moving under the fences. Tie
a rope from a tree or rock on one bank and string this rope across the stream
by tying it to the top of each fence post and securing it to another tree or
rock on the opposite bank of the stream. Use bailing wire cut into 0.30 m
lengths to wire the hardware cloth up to the rope holding the hardware cloth

fence upright. .

Set up generator and Variable Voltage Pulsator in the middle of the
ish abundance section. Use either a stationary plate located in the water near
the generator -~ Variable Voltage Pulsator setup or a hand held electrode as the
negative electrode. The positive electrode must be hand held and is connected
to the Variable Voltage Pulsator with enough electrical cord to extend over the
entire fish abundance section. It is advisable to tie overhand knots in the
electrical cord at all locking plug connections.

Flectrofish the section starting at the upstream end and fish downstream.
Hold all fish in live cars. Fish less than 75 mm should be held in buckets.
After fishing the section down to the lower block fence, carefully check for
stunned fish lying against the lower block fence.

Work the fish after anesthetizing them in groups of 20 to 25. Record species, -
length (to the nearest mm), weight (to the nearest g), tag numbers (on fish 2 100 mm
but <250 mm use dangler tags and on fish >250 mm use floy tags) or clip a fin
on fish less than 100 mm, take a scale sample {see AGE AND GROWTH, p. 23).
note sex and state of maturity and return the fish to a live car. After working
all fish, sum the fish captured and determine if enough fish were captured to
obtain the level of precision desired (see "Mark-Recapture Population Estima-
tors" p. 14}, Be sure to identify mortalities on the data sheet.

-10-
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If another pass is needed to mark the desired number of fish, be sure to
keep fish captured during the second pass separate from those captured during
the first pass. A two-catch estimate (see "Two-Catch Population Estimators™
p. 16) can be made in addition to the mark-recapture estimate. HWerk fish as
described in the preceding paragraph, keeping the two fishings separately iden-
tified. : o

After the fish have recovered, return them by redistributing fish through-
out the length of the section. Be sure to record any mortalities by tag number
or fish length. Maintain the block fences for two or three days. Check and
clean the block fences every morning and evening. More freguent cleaning may
be required. Record any fish mortalities collected along the fences within the
section by tag number or fish length.

Recapture electrofishing is done two or three days following the marking
run. Electrofish the section using the same procedure as the marking run. When
working the fish, carefully examine all fish for marks or tags. Fish not pre-
viously marked can be marked at this time to provide movement information’
and/or allow for further recapture runs and application of a Schnable-type (1938)
estimate (Appendix B). Record all fish collected during the recapture run as
either newly marked fish or recaptured fish on Form FMD-A (Appendix £E). Sum
the total number of fish captured during the recapture run and determine if
~enough fish were captured to provide the level of precision desired (see "Mark-

Recapture Population Estimators" p. 14 for an explanation). ° '

After compieting the electrofishing, estimate the wetted surface area of
the shocking section by measuring its length and at Teast 10 widths.

Markfﬁétapture Population Estimators

Formula to estimate population numbers:

R= (M +1)(C+ 1) Ricker (1975)
R+ 1)

population size at time of marking

Where: ﬁ

]

M = Number of fish marked

C = Catch or sample taken for census (Total catch on recapture run)

R

H

Number of recaptured marks in sample
Variance of the estimate:

v (N) = N2{C-R)
(E+1)(R+2).
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Calculate N (number of fish) by species for fish 275 mm and their asso-
ciated 95% confidence intervals. The number of mortalities found during the
marking pass and between the two passes must be added separately to the esti-
mate (separated by parentheses since these fish were not used to estimate N)}.
When the numbers of marked and recaptured fish are sufficiently high, the ad-
vantage of stratifying by age or size classes should be applied (Vincent 1971).
Calculations should also be done to estimate the density by species (number of
fish per 100 m® of wetted surface area) using the formula:

" Density = A X 100.
o Wetted Surface Area

Sample sizes (the number of fish to mark and recapture) for the desired
level of precision (95% confidence interval to be within 25% of the estimate)
~can be found in Robson and Regier's (1964) chart for 1-«=,95, p = 0.25 and

N £100 or by consulting Table 2 for equal mark and recapture efforts. At
least four {Ricker 1975) and preferrably seven (Robson and Regier 1964) fish
of each species must be recaptured to make a reliable estimate. As mentioned
previously, we believe there is 1little difference in capture probabilities
(efficiencies) for the size range of fish sampled (75 to 250 mm) in tributaries

monitored.

Two-Catch Assumptions

1) Probability of capture (p) is large enough to have a significant
effect upon population total (N). .

_ This assumption can be tested by computing p after two passes are complete.
If p is less than 0.5, assumption 1 probably has been violated (Junge and
Libovarsky 1965} and a mark-recapture estimation technique should be used. We
recommend p should be 0.6 or larger,

2) Probability of capture is constant. Fishing effort is the same for
both catches and fish remaining after the first fishing are as vul-
nerable to capture as:were those that were caught in the first fishing.

Assumption 2 has frequently been found to be faulty when electro-
fishing (Lelek 1965, Gooch 1967, Cross and Stott 1975, Mahon 1980). White et al.
(1982) found if p was 0.8 or larger, two-catch estimates were reliable because
failure of constant probability of capture (assumption 2) did not matter. We
found that as long as p was 0.6 or larger and stream discharge was less than
10 cfs, estimates computed using two-catch estimators were similar to mark-
recapture estimatesA(Appendix B?. Zippin (1956} determined that if the proba-
bility of capture (p) decreases with subseguent fishings, the estimate was an
underestimate of the true population size. These estimates may still be re-
ported, but should be used cautiously. They can be used to compare trends in
population abundance, provided the same techniques are used throughout the

monitoring program.

-13-



Table 2. Number of fish to be captured during each fishing (marking and
recapture) for various estimated population sizes éN) and error
bounds (B, recommended B<25% f).at the 95% level of confidence.
From the formula: o :

B =2 /NZ(N-W)
MC
where M=C, presented by Jensen (1S81).
Estimated Error bound (B)
Populatjon 1/
Size (N) 25% N~ 50% N 100% N
25 20 14 9
50 33 : : 22 13
100 54 33 22
150 71 42 23
200 86 50 27

1/ Recommended error bound

~14-



3) There is no recruitment, mortality, immigration or emigration
between the times of the two fishings.

Assumption 3 can be easily met, since both electrofishing fishings take
place within a single day and the section is blocked using block nets.

4) The first catch is removed from the population or, if returned
alive, the individuals are marked so they can be ignored when
counting the second catch.

This assumption can be met by removing the first catch from the population.

Two-Catch Procedure

- Place a braided nylon block net (12.7 mm mesh) at the lower boundary of
the shocking section in streams less than 10 c¢fs. In streams 10 to 20 cfs,
hardware cloth block fences should be placed at the upper and lower bound-
aries allowing a mark-recapture estimate to be conducted, if necessary (see
“"Mark-Recapture Procedure” p. 11). When using a block net, place the net
in the stream with the bottom edge facing upstream and place rocks on the
weighted (bottom) edge of the net to hold it in position. Tie the ropes
along the top edge of the net to a tree (or any available stable item) on
each bank to stretch the net tight and hold it perpendicular across the
stream. Place rocks along the entire bottom edge of the net to ensure no
fish will move past the net. Support the net upright using willow or

alder branches cut into 1.0 to 1.5 m Tengths on-site. '

In streams less than 10 cfs, a backpack mounted generator-Variable
Voltage Pulsator combination can be used to electrofish the stream. In
streams larger or equal to 10 cfs, use the bank shocking technique described
in the "Mark-Recapture Procedure" {p. 10). The bank shocking method was
more efficient for capturing fish and should be used where possible.

Electrofish the section working from the upstream boundary down to the
Tower block net as described in the "Mark-Recapture Procedure® (p.-10). We
found that downstream electrofishing was more efficient than upstream
electrofishing, and if two passes are needed for each catch (to provide a
reliable estimate), both passes should be made downstream. It is important
to extend equal efforts during each catch, so that if two passes were used
for the first catch, two passes must also be fished for the second catch.
Mahon (1980) believed longer time periods between catches improved the
accuracy of catch per unit effort estimators. For this reason, we recommend
waiting a minimum of S0 minutes between fishings. During this time, work
all fish captured on the first catch (see "Mark-Recapture Procedure” p. 10}.

It is advisable to mark fish ("Mark-Recapture Procedure" p. 10) from
the second catch allowing movement information to be collected. It may
also be necessary to conduct a mark-recapture estimate if the desired level
of p cannot be met.

-15-



After working the fish from the second paSs (see “Mark~Recapture
Procedure” p. 10), compute p values for each species using the formula:

p=C -G (see p. 10 for details)
0!
Where: ﬁ = probability of capture
C1 = number of fish »75 mm captured during first catch (by species)
C, = number of fish >75 mm captured during second catch (by species).

If p >0.6 a reliable estimate can be made using the two-pass estimator;
otherwise, more fishing effort must be expended. This effort can be
expended for computing a multiple estimate (by completing additional
electrofishings and computing a multi-catch estimate using formulas pre-
sented in Zippin {1958). Note: To apply multi-catch estimates, p must
remain constant for each pass. This can be verified through calculations),
or for a mark-recapture estimate (by marking all fish captured during C
and C, and completing a recapture fishing two or three days later). The
choicé will depend upon available time and the opinion of those in the
field concerning the probability that additional effort will produce the
desired precision using two-catch versus mark-recapture estimators.

Two-Catch Estimators

Formula to estimate population number:

N =G, 2
1 (Seber and LeCren 1967)
T C _
2

=

-

18]

“3

m

=
H

population size at time of first catch

number of fish captured during first catch

L]
H

number of fish captured during second catch

[
!

Variance of the estimate:
VIN) = C12C22(C1+C2)
(Cl - Cz)#

Probability of capture (p):

p=Cp -0
Cy
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As stated previously, ; must be >0.6 for a reliable, two-catch estim§te to be
made. If p <0.6, the estimate can be reported, but must be viewed with

caution.

Report Format

When reporting the estimates of fish numbers computed by electrofishing,
report the estimate, the 95% confidence interval in parentheses, the area of
the section surveyed, the date, and the density calculated as shown for 1982
(Table 3). When reporting mark-recapture estimates, report the mortalities
enumerated between the marking and recapture fishings. When reporting two-
catch estimates, report the probability of capture (p) with the estimate.

Sample Sites '

We selected snorkeling to monitor fish abundance in Akokala Creek, a
Glacier National Park tributary to the North Fork supporting exclusively west-
slope cutthroat trout, and Schafer and Trail creeks in the Middle Fork drainage
(lccated in the Great Bear and Bob Marshall Wilderness areas, respectively).

We also recommend using snorkel techniques to assess trends in fish abundance
in portions of the Middle Fork of the Flathead River located in the Great Bear
and Bob Marshall Wilderness areas (see Appendix C, for exact sample site Toca-

tions).

Equipment Needed

Equipment 1ists of all equipment needed are in Appendix E.

Assumptions

1) The number of fish present in a sample section of a stream or river
can be counted by underwater observation.

Snorkeling was shown to be an effective method for enumerating age I and
older westlope cutthroat trout in moderate size streams (5 to 20 cfs) of low
gradient (less than 3%) with Tittle instream debris and sparse riparian canopy,
provided the counts are conducted during late summer when stream flows are iow
and water temperatures are high (Appendix B). Snorkeling can also be used as
an effective technique to evaluate trends in fish population abundance and
structure (Northcote and Wilkie 1963, Goldstein 1978, Whitworth and Schmidt
1980, Griffith 1981).

Procedures

In Akok@Ia, Schafer and Trail creeks a diver should begin at the Tower
end of the fish abundance section and count the number of fish in each age class

-17-
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by species as he pulls himself upstream. Age classes can be determined by se-
gregating fish into size classes by noting the locations of the fish's nose and
caudal fin over reference points on the substrate. Measure the distance between
these reference points after frightening the fish downstream. Measurements can
be done with a wet suit glove marked into intervals recommended below. Age
class distinctions for westslope cutthroat trout were maximums of 40, 65 and

110 mm for ages 0, I and II, respectively. Cutthroat trout larger than 130 mm
should be classed as age III+. Bull trout maximum sizes for age classes 0, T
and II were 50, 90 and 140 mm, respectively. Bull trout larger than 140 mm
should be classed as age III+ (Fraley et al. 198l). An aide walking the stream-
bank downstream from the snorkeler, should record each fish as the snorkeler
describes them on Form FMD-B (Appendix E). The aide can also measure the
section's length and a minimum of 10 widths for estimating total surface area.
Habitat features within a sample section can be segregated and measured separately

during the count.

Sample two sections, each approximately 3.0 km long, to assess fish abun-
dance in the Middle Fork of the Flathead River using snorkel techniques (see
Appendix C for sample site locations). Census every pool, 50% of the runs,
and two or three representative riffles and/or pocketwaters within each section.
Divers should count each fish by species and age class using techniques de-
scribed above. Estimate surface areas of all areas snorkeled by measuring the
length and several widths. Count every feature in the sample section, and
estimate their surface areas by measuring lengths and widths.

Y

Snorkel Estimates

[

Compute fish densities (the number of fish per 100 m® of the wetted surface
area) by species and age class. For the river sections, compute fish densities
by feature. No precision of these estimates can be calculated. Total estimates
of fish populations in Middle Fork of the Flathead River sample séctions can be
computed by multiplying the average fish density for each feature type by the
total estimated area of that feature in the section.

Report Format

Report fish density estimates for tributaries in a format similar to that
shown for snorkeling estimates done in 1979-1981 (Table 4}. Report estimates
of fish density for the Middle Fork of the Flathead River sections by feature,
ang gﬁtimates of total number of fish for the entire 3.0 km section (Tables 5
an .
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Table 6. Estimates of the number of cutthroat trout, bull trout and
mountain whitefish per 3 km in the Middle Fork of the Flathead

River during 1982.

Cutthroat Bull Trout Mountain

Age Age Age Age Age Age whitefish

River section Year I iI IMf+ I II [III+ Maturel/ <I52m _>152mm
Schafer Meadows 1982 <1 4 25 <1 <1 <] 0 157 253
Gooseberry Park 1982 <1 8 63 <1 <1 <l 1 140 151

1/ Mature bull trout numbers were based on actual counts of bull trout in
sampled areas and were not expanded over the entire section.
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AGE AND GROWTH

Age and growth characteristics can be used to monitor the health and age
structure of trout populations. Relative year class strengths and incremental
growth for each year can be used as indicators of habitat quality. Dramatic
changes in population structure or dectining incremental growth rates could
indicate degradation of aquatic habitats, excessive harvest or overpopulation.

Scales should be used for age determination and back-calculating fish
lengths at previous annuli. Based on comparisons between otoliths and scales,
readers generally preferred scales because: 1) very few scales were considered
unreadable relative to the number of unreadable otoliths, 2) ages assigned using
scales were made with more confidence than ages assigned using otoliths, 3)
scales can be collected without sacrificing the fish, and 4) ages assigned to
scales corresponded closely to ages assigned to otoliths from the same fish
(Fraley et al. 1981, Leathe and Graham 1982). Collect scales from an area just
above the lateral 1ine between the dorsal and adipose fins. Place each scale
sample in a scale envelope on which the fish species, fish length, fish weight,
collection location, date and other information has been recorded (Appendix E,

Form FMD-C).

Assign each scale sample a unique identification number. Make cellulose
acetate impressions of scales at 101 to 107°C (215 to 224°F) using 9072 kg
(20,000 1bs.) of pressure for 30 seconds. Scratch the identifdcation number
on each acetate. Examine these acetate impressions at 43 to 72X magnification
and record the distance from the focus to each annulus and the scale's edge in
mm using a transparent rule. Measure these distances along a 1ine approxi-
mately 20-30° from the longest axis of each scale. These varijous magnifications
can be standardized to a 67X magnification when these data are analyzed using
FIRE I (Hesse 1977) and AGEMAT (Montana Department Fish, Wildlife and Parks)
computer programs {Appendix F). These computer programs back-calculate fish
lengths at previous annuli. RBack-calculated lengths can be upwardly biased
and should be used only if scale sample sizes at each age class are small.

scales should be read only by trained and experienced personnel. The slow
growth rates and small size of scales from juvenile westslope cutthroat and
bull trout make interpretation difficult for untrained scale readers. The
first annulus was found to be missing from approximately 60 to 70% of the
westslope cutthroat scales examined from fish captured in the Middle and North
Fork drajnages attributed to their late emergence and slow growth (Fraley et
al. 1981, Graham et al. 1980), and from 43 to 29% of the westslope cutthroat
scales examined from fish captured in Flathead Lake and the mainstem Flathead
River above Flathead Lake, respectively (Leathe and Graham 1982, McMullin and
Graham 1981). Johnson (1963) suggested the presence of seven or more circuli
inside the first annulus indicated a missing annulus. Five circuli inside the
first annulus of westslope cutthroat trout scales is reason to suspect a missing
annulus. These .scales should be further examined for abnormally thick or broken
circuli, indicating a missing annulus. Scale collections made during the course
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of this study are on file at the MDFWP Regional Headquarters, Kalispell,
Montana, and should be referenced to standardize scale reading techniques and
missing annulus designations. Enter data associated with each scale on IBM
computer forms (Appendix E, Form FMD-D) following the proper format. '

The following Monastyrsky logrithmic équations were computed for 2953
westslope cutthroat trout (r = .95, b <.001) and 1397 bull trout (r = .97,
p <.001) collected from Flathead Lake, the North and Middle Forks of the Flat-
head River, tributaries to the North and Middle Forks of the Flathead River,
and the mainstem Flathead River (Leathe and Graham 1982): .

Westslope Cutthroat Trout:

Log TL = .747 log SR + 1.0§
Bull Trout:

Log TL = 1.020 log SR + .751

TL = total fish length

scale radius.

SR

For monitoring purposes, the above equations should be used to standardize
back-calculations from scale measurements to compare present fish growth to
future growth. Back-calculate growth using FIRE I (Hesse 1977) and AGEMAT

(Montana Department Fish, Wildlife and Parks) computer programs. Report the
back-calculated lengths at each annutus and growth increments between each age.

Future investigators may want to develop body length-scale Tength relation-
ships for individual creeks where adequate sample sizes are available. Differ-
ent growing conditions may result in slightly different body length-scale
length relationships and it may be advantageous to develop relationships for
individual creeks to more accurately reflect changes in those creeks. We
collected scales from a sufficient number of westslope cutthroat from Coal, Red
Meadow, Langford, Hay, Moose, Trail, Moran, and Cyclone creeks in the North Fork
drainage to develop individual Monastyrsky scale length-body-length eguations
for these creeks. We also collected scales from a sufficient number of bull
trout from Trail, Red Meadow. Coal and Whale creeks in the North Fork drainage and
Geifer and Ole creeks in the Middle Fork drainage. The data from these fish
and their scales are on file and/or computer tape and could be reanalyzed to
compare body-length-scale length relationships for potential changes due to
changes in habitat.

Future investigators must use caution when comparing incremental
growth between years because: 1) salmonid growth rates may vary within age
classes. even within a single species from the same water, 2) salmonid growth
rates are affected by water temperatures, and 3) westslope cutthroat trout
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growth increments are difficult to compare because of the potential seasonal
mixture of fish with three different life-histories (tributary resident, river
migrants and lake migrants).

Weight-length relationships and condition factors (W X 10°) were calcu-
 lated for westslope cutthroat and bull trout from the North and Middle Fork
rivers and their tributaries (Fraley et al. 1981). Condition factors and the
relationship between condition factor and fish length were reported by Leathe
and Graham (1982) and 928 bull trout collected. from Flathead Lake. Condition
factors can also be used to monitor the relative health of fish populations
(Everhart et al. 1975). — :
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BULL TROUT REDD SURVEY

Survey Section Sites

Portions of Big, Coal, Whale and Trail creeks consistently contained
the majority of bull trout redds enumerated in the North Fork of the
Flathead River drainage during redd surveys conducted between 1975 and
1982. Portions of Ole, Morrison, Lodgepole, Granite, Schafer, Dolly Varden,
Trail and Strawberry creeks were identified as important bull trout spawning
areas in the Middle Fork of the Flathead River drainage. Recommended
bull trout redd survey sections, identified by beginning and ending land-
marks, are shown and described on maps (Appendix C). Priorities were
selected for suggested sample sites (Table 7). Complete (basinwide) redd
surveys should be conducted at least every five years. For descriptions
of all survey sections in the basin consult the two Montana Department
of Fish, Wildlife and Parks reports:

1) Fish and habitat inventory of streams in the North Fork drainage
of the Flathead River {1983a Montana Department of Fish, Wildlife
and Parks, Kalispell, Montana).

2) Fish and habitat inventory of streams in the Middle Fork drainage
of the Flathead River (1983b Montana Department of Fish, Wildlife
and Parks, Kalispell, Montana).

Equipment Needed

A 1ist of the equipment needed is in Appendix D.

Assumptions

1) Accurate counts of bull trout spawning sites (redds} can be
obtained by visual inventories.

Assumption 1 can be satisfied by conducting ground surveys with experienced
field personnel at the proper time. Redds are large (1 m X 2 m) and easily
jdentified by experienced personnel because gravels in redds generally has
a "cleaned" appearance and is loosely compacted so that it can be easily
worked by foot or hand. Timing of the surveys is critical and surveys must
be done immediately after spawning is completed.

2) Redd inventories of selected (known) bull trout spawning areas will
provide a reliable index of yearly trends in bull trout redd
numbers throughout the basin and also can be used to assess adult

bull trout escapement.

Assumption 2 is based on the fact that bull trout use the same spawning
areas annually, and that the relative use of each area remains consistent
year after year. Graham et al. (1982) discussed the habitat characteristics
of spawning areas selected by bull trout adults and illustrated that bull trout
consistently utilize specific spawning cites on an annual basis. Four years of
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Table 7. Summary of recommended creeks to inventory for bull trout
redds for monitoring adult bull escapement into upper Flathead
River tributaries, including time of survey, estimated field
man-days, estimated man-days for data analysis and priorities.

e B 4
Man-days~'

_ ' Data
Drainage Creek Timing Field Analysis Priority
North Fork Coal Mid-September 6 1 1
‘ Whale to 6 1 1
Trail mid-October 2 1 1
Big ‘ 3 1 2
Middle Fork 01e%/ Mid-September 3 1 1
Morrison 5, to 6 I 1-
L.odgepole~ mid-October 2 1 1
— Granite 3 1 1 :
: : DoTTy Vardens 4 jm_w‘?fwﬂ_’q%f“T*Tg—”ﬂ_ﬂﬁf_Fﬂﬂ—#_
Schafer3/ 2, 1 .2
Traild/ 4/ 6 2 1 3
Strawberry— 2 ~ 1 3

1/ Man-days in the field were based on traveling to a part1cu1ar dra1naqe
and survey1ng all creeks from a base camp.
2/ 0le Creek is within Glacier National Park and would prov1de "control”

information.
3/ Creeks with the Great Bear Wilderness Area would provide "contro?“

information.
4/ Creeks within the Bob Marshall Wilderness Area would provide "contro?“

information.
5/ Trail and Strawberry creeks must be done during the same sampling

period.
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bull trout redd inventory data suggests that the relative number {expressed
as percent of the redds enumerated in the basin) of redds remains generally
consistent by creek (Table 8). .We believe redd counts conducted in selected
areas can be used as an index of total bull trout spawning {and adult escape-
ment) in the upper Flathead basin. We urge continued research to further
‘document the number of adults escaping into spawning tributaries versus the
number of redds in those tributaries. Many researchers have recognized the
value of using redd surveys as an index of adult escapement (see the review
by Neilson and Green 1981).

"Procedure

Preliminary Surveys

Actual redd counts should be conducted immediately after spawning has been
completed. Because timing of redd surveys is critical, preliminary surveys
should be conducted through the spawning period. Begin preliminary surveys in
late August.

Maximum daily water temperatures can be used to determine when spawning
activity has been initiated. Fraley et al. (1981) suggested that bull trout
spawning was initiated when maximum daily water temperatures dropped to 9°C.
Further research in Coal Creek produced evidence to support this hypothesis
(Figure 5). Begin monitoring maximum daily water temperatures in these tribu-
taries, as time permits, beginning around 20 August. After water temperatures
drop below 9°C, begin preliminary surveys in either Big, Coal, Whale, Trail or
Morrison creek. Areas recommended for preliminary survey are jdentified on
sample site maps (Appendix c). Final spawning inventories should begin after
observing numerous completed redds, few adult fish and little evidence of active
spawning. During previous years of study, final inventories were done in late
September or early October.

Final Redd Surveys

Conduct final redd inventories as quickly as possible to ensure redds are
identified before silt covers them. If redds are "silting in" during the pre-
1iminary surveys, it may be necessary to survey these sections twice {early and
Jate) and either use the highest count or mark early redds so they will not be

recounted during subsequent counts,

Visually identifying redds generally presents Tittle problem since redds
appear as large (1 mby 2m) "cleaned” areas of gravel with a distinct pit
and associated tailspill. Each identified redd should be classified into a

category based on the following criteria:
1) Definite: No doubt. The area is definitely "cleaned" and a pit

and tailspill area are recognizable. Not in an area normally cleaned
by stream hydraulics.
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!

Number of bull trout redds by creek, percent of redds in each

Table &. .
creek for drainage (NF=North Fork, MF=Middle Fork} and percent
of redds in each creek for entire upper Flathead River Basin
area surveyed during 1979 to 1982 by year.
YEAR
- 1987 1681 1980 - 1979
Creek 0. ot] No. % ot| No.  GNF ZTotl Ho. 4NF Ziot
Noftﬁ Fork '
Big 45 6 4 24 5 3 15 5 3 12 7 4
Ha?]owat 31 4 3 14 3 2 8 3 1 2 1 1
Cba1 : 95 13 ~ 8 30 6 4 48 18 8 44 26 i5
-S.Fk.Coal 9 1 1 24 5 3 2 1 <1 4 2 1
- Mathias 17 2 2 10 2 1 10 4 2 2 1 <1
Red Meadow -- 19 4 36 2 1 2 1 1
Whale 208 31 20101 22 14 47 17 8 34 20 12
- Shorty 56 8 5 17 _4 2 4 1 1 33 20 11
i 99 13 9 8 17 12 31 11 5 35 21 12
Kj shenehn 23 3 2 13 3 2 16 6 3 a- - -
Howell 103 14 9 72 15 10 53 19 g .- - --
Other 3% 5 36l 13 93 12 6 -- o= -
" NF Total 741 100 467 274 168
Middle Fork GMF MF LHF HF
Nyack 23 6 2 14 & 2 14 T2 - -= -
Other -- -— -= 17 i 2 17 6 3 19 i5 7
0le . b1 13 5 23 10 3 19 6 3 -- - -
Bear 23 6 2 12 5 2 9 3 2 -- -— .-
#7 Granite 34 g 3 14 6 2 34 11 b 14 10 4
:; “Morrison 86 22 8 32 13 4.5 75 25 13 25 20 g9
# °©  Lodgepole 23 6 2 18 g 2.5 14 5 2 32 26 11
Schafer 17 4 2 12 5 2 10 3 2 i6 13 5
- Dolly Varden 36 9 3 31 13 4 21 7 4 20 3 7
Clack 7 2 1 7 3 1 10 3 2 - | - -
Bowl 19 5 2 10 4 1 29 10 5 - - -
Strawberry 39 10 3 21 9 3 17 ) 3 -- - e
Trail 30 8 32 1 431 10 5 -- - -
MF Total 388 237 300 124
Grand Total 1129 704 574 292
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2) Probable: An area cleaned that may possibly be due to stream hydraulics
but a pit and tailspill are recognizable, or an area that does not ap~

pear clean, but has a definite pit and tailspill.

3) Possible: A cleaned area that is probably due to stream hydraulics
and does not have a recognizable pit and tailspill.

For final reports only class one and two redd observations should be included.
Occasionally, extremely large (up to 5 m X 10 m) areas of disturbed streambed
may be encountered, and surveyors will find it difficult to determine the exact
number of redds within this area. We recommend enumerating each identifiable

pit as a separate redd.

' Locate the upper boundary of the survey section from the map (Appendix C).
Establish this point as pace "0" on data sheet (Form FMD-G, Appendix E) and

- begin pacing downstream, keeping track of paces walked. Record an estimate

of ‘pace length for the individual pacing the survey. When a redd is encountered,

record its certainty class (sure, probable or possible) according to criteria

suggested previously, along with its Tocation in the stream {as the number of

paces from the start of the survey). Water depth over the redd at the upstream

edge of the depression (in centimeters) should also be recorded. Record the

above information for each redd observed.

It is ‘recommended that fieldwork be done by two surveyors to adequately
cover the entire section. Surveyors should record any distinct landmarks (bridges,
trajl crossings, creek mouths, etc.) by noting the pace number_ at. the Tocation of
each landmark. Water temperature, date, stage (if available) and-stream dis-
charge should all be measured during or immediately after completing the survey.

Since Schafer and Dolly Varden creeks are interconnected drainages (as are
Morrison and Lodgepole creeks), it may be desirable to survey the two creeks
within the same drainage during the same day. In this case, we recommend (for
speed and efficiency) that Schafer and Lodgepole creeks be surveyed from their
mouths upstream. These data can later be adjusted to reverse the direction of

the survey for reporting purposes.

Shepard et al. (1982) compared ground versus helicopter redd survey results
for eight tributaries in the Flathead basin and found that helicopter counts

generally provided reliable results. The disadvantages of using helicopter
surveys are:

1} higher cost;

2) timing becomes more critical since redd identification is based exclu--
sively on the "cleaned" appearance of the streambed;

3) weather conditions must be favorable;
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4) streams surveyed must be large streams with Tittle riparian canopy
hanging over the surface of the water; and

5) plotting redd distributions within each stream is more difficult.

The major advantages of using he]icopter“surveys are: 1) surﬁeys can be con-
ducted faster, and 2) only one field surveyor. (plus the pilot) is needed. In
most cases, the disadvantages outweigh the advantages and helicopter counts

should be used only when ground surveys are not feasible. y

" 'Data Analysis

Summarize the number of redds for each creek section. Standardize the
pace distances for each survey section by dividing the known length between two
landmarks (measured from a map) by the number of paces between those two land-
marks. Convert pace numbers to distance (in meters) and plot the frequency
(number) of redds by 0.5 km increments beginning at pace "0" to the end of the
survey. Note landmakrs on these plots. T

' Report Format

Report the number of redds by survey section as shown for 1980-1981
(Table 9). Graph the distributions of bull trout redds for each survey section

and compare years as illustrated by Morrison Creek Reach I and II (Figure 6).
Shepard et al. (1982) contains redd distributions for past yeags.
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Table 9. Number of redds observed within the sections recommended for redd
survey monitoring on tributaries of the North and Middle Fork of
the Flathead River.

Creek 1982 1981 1980 1979

North Fork ) )

“Big- . 41 18 20t/ 10»1«4/
Coal ‘ 60 23 3/ 38 £
Whale 211 98 45ﬁ/ S 35 3/'
Trail = .- .94 78 -3 s 3

Middle Fork - o

~ QOle 51 194/ i 19 -
Morrison 86 32 75 25
Lodgepole 23 184/ 14 32

. Granite 34 ' 14~ 34 14

- Schafer : 17 12 10 15
Dolly Varden 36 31 21 20
Trail 30 26 31 --
Strawberry 39 - 21 - 17 --

1/‘1979 and 1980 counts may be high since redd surveys conducted during
these two years began at Nicola Creek (located .above Skookoleel Creek,
our recommended beginning point). ' .

¢ 3/51979 count may be high since this redd survey include&“an area below
Road 909 (Cyclone Lake Cuttoff Road), our recommended lower boundary.

3/ 1979 and 1980 counts may be low since a portion of the creek we recommend
surveying was not surveyed during these two years. '

& 1981 count may be low since surface ice had formed on some portions of the
creek making observation of redds difficult.
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FISH HABITAT

Fish habitat surveys were completed by reach (185 reaches) for 44 streams
in the Middle Fork drainage and 47 streams in the Nerth Fork drinage (Graham
et al. 1980, Fraley et al. 1981, Shepard et al. 1982). This information is
stored on tape in the Sigma 7 computer at Montana State University, Bozeman,
Montana (Appendix F). Techniques used during these surveys produced informa-
tion which could be used tc detect significant changes in the physical stream
habitat (Shepard et al. 1982). These habitat surveys need not be repeated on
a regular basis. Surveys should be repeated prior to and following proposed
major activities to document potential habitat changes in streams. Habitat
surveys should alsc be repeated periodically to identify potential cumulative
impacts of small-scale developments or natural events on the aquatic habitat.
Decreasing fish abundance, degrading spawning habitat, or observed changes in
habitat quality would warrant repeating habitat surveys tc document habitat
" changes. '

The surveys used during this study are generally not intensive enough to
quantitatively evaluate the impacts of small-scale developments on fish habitat
in a drainage. In that event, a site-specific survey should be conducted by
expanding the existing survey. An example would be a study to evaluate the
impacts of a salvage timber sale on the fish resources in the Coal Creek
drainage, a tributary to the North Fork of the Flathead River (Shepard and
Graham 1983). On a broader scale, habitat surveys were conducted on streams in
the Swan River drainage to evaluate potential impacts of microhydro develcpment
in 20 sites within the drainage (Leathe and Graham 1983). These surveys were
expanded to include more detailed streamflow, temperature and selected addi-
tional habitat data. The habitat surveys completed in tributary reaches of the
North and Middle Fork drainages provided a broad data base which can be re-
peated with or without the addition of site-specific data collection to meet
future needs. Hall and Knight (1981) believed that rating habitat quality
could be used to minimize the effects of natural variation in fish populations
when evaluating the impacts of non-point source pollutants.

Graham et al. (1980) and Fraley et al. (1981) first described the survey
techniques used during this study. A document has been prepared summarizing
the procedures used to survey habitat which includes a glossary of habitat
terminology used to identify habitat characteristics (Habjtat Evaluation Proce-
dures, Montana Department of Fish, Wildlife and Parks .1983).° Sample site Toca-
tions and data summarized from the four years of this study can be found in
two Montana Department of Fish, Wildlife and Parks publications:

1) Fish and habitat inventory of streams in the North Fork drainage of
the Flathead River (Montana Department of Fish, Wildlife and Parks
1983), and

2) Fish and habitat inventory of streams in the Middlc Fork drainage of
the Flathead River (Montana Department of Fish, Wildlife and Parks

1983).°
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STREAMBED COMPOSITION IN BULL TROUT SPAWNING AREAS

Monitoring streambed composition in known bull trout spawning areas will
allow fisheries professionals to evaluate the impacts of sediment on fry pro-
duction and document trends in sediment deposition. "Many management activities
proposed in the upper Flathead basin (logging, mining, microhydro, 0il, gas and
associated roading) have the potential to increase guantities of sediment
delivered to adjacent streams (Gibbons and Salo 1973, Richardson and Pratt 1980).
Imawoto et al. {1978) presented an excellent review of the literature on the
effects of sediment on salmonid embryo survival and emergence success.

" Sample Site Location

Known spawning areas in Big, Coal, Whale and Trail creeks in the North
Fork drainage and Granite Creek in the Middle Fork drainage were selected as
streambed monitoring sites (see sampling site maps presented in Appendices C
and G). We developed priorities for sampling based on criteria presented in

the Introductionl(Tab1e 10).
Equipment Needed

Lists of the field and laboratory equipment needed are included in
Appendix D.

N

Assumptions

1) Hollow-core samples (McNeil and Ahnell 1964) across permanent tran-
sects (perpendicular to streamflow) in known bull trout spawning habi-
tat can accurately reflect streambed composition.

This assumption will be met if: 1) an adequate number of samples are
collected from each site, and 2) each sample contains large enough volumes of
streambed material. Shirazi and Seim (1979) stated that as few as three
samples may be adequate, but they combined visual assessments with core sampling.
They further stated that if the streambed is reasonably homogeneous, sample
sizes may be adjusted to reflect the variability within the site of interest.
By sampling 8 to 12 sites per spawning area, information should be detaijled
enough for evaluating compositional changes through time. Shirazi and Seim
(1979) reported that sample sizes of 5 to 10 kg per sample generally produced
accuracy of within 10% when using a hollow core sampler. Shirazi and Seim
discussed the advantages and disadvantages of manual (hollow core} sampling
and concluded manual core samples provided adequate information when used
properly. They stressed that to minimize operator bias, sample sizes should
be standardized by sampling to a predetermined depth.

2) Relationships between streambed. composition and bull trout embryo

* survival to emergence can be developed, or relationships between
streambed composition and emergence success developed for chinook
salmon {also a large fall spawning species) will apply to bull trout.
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Further research is needed to document the relationship between bull trout
embryo survival and emergence success relative to the percent of fine material
in the redd. At this time, data derived using another large, fall spawning
species (chinook salmon) was used to predict the impacts of fine sediment on
bull trout fry recruitment {Shepard and Graham 1982).

3) Maintaining the relative health of bull trout spawning habitat should
insure the relative health of westslope cutthroat spawning habitat.

Assumption 3 has not been empirically demonstrated, but can be intuitively
deduced. Both species select small to medium sized gravels for spawning (Shepard
et al. 1982). Fine materials would legically accumulate at similar rates in
spawning areas used by both species because those areas are subject to the
same hydrologic conditions which deposited spawning gravels. However, the
timing of sediment deposition over spawning areas used by each species 1is Tikely
to be different. Consequently, the effects of fine sediment may impact early
survival of one species differently than another. For example, cutthroat
embryos are deposited in the gravel in the early spring, incubate for two to
four months, and emerge in mid- to late summer. Their embryos would be pri-
marily influenced by sediments carried and deposited during the runoff and
post runoff periods. Bull trout embryos {which are deposited in the autumn,
incubate during the winter and emerge during the early spring) would be in-
fluenced primarily by sediment input over the winter period. Another potential
problem in meeting this assumption would occur if the spawning areas of the
two species were differentially impacted by fine sediment because of a dis-
similar distribution in a stream or drainage. There is presently insufficient
information on the distribution of cutthroat spawning areas to assess this

- problem.

Procedure

Field

Locate sampling sites in known bull trout spawning areas (rebar defining
transect) using maps in Appendix G and replace any missing rebar by measuring
distance from rebar remaining in place (Table 1 in Appendix 6). Stretch a
measuring tape from the left bank rebar (looking downstream) across the
stream and tie it off on the right bank rebar. Locate core sample site at
predetermined point below the measuring tape. Exact sample points may be
within 1.0 m on either side of the predetermined point on the measuring tape.

Push the hollow-core sampler (McNeil and Ahnell 1964) into the streambed
with a circular motion until the flanged end is flush with the surface of the
substrate (Figure 7). Remove streambed material within the cylinder and place
it in a bucket lined with a sample bag. After removing approximately 5 to 7
kg of material, stir the water within the corer and fill an Imhoff cone with
1 liter of silt-laden water from within the corer. Place the Imhoff cone in
an upright supparted position and Jet it stand for 20 to 25 minutes. Measure
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the depth of water within the corer {ta the nearest cm) with a meter stick.
Be sure to measure from the bottom of the ‘cylinder. Record the water depth
(in cm) and the amount of settled material in the Imhoff cone after 20-25

minutes (in ml1/1).

Remove the remaining streambed material from within the cylinder until the
jagged teeth at the bottom of the cylinder can be felt. Place all this material
into the sample bag. Place a "Rite-in-the-Rain" label in the sample bag with
the transect core number, creek name, site description and date. Tie a similar
1abel on the sample bag's exterior after sealing the sample bag by tying a knot
in the opening. ' '

Take a water sample from the creek above the core site with the Imhoff cone
to determine the background level of settleable material (tare) in creek. Let
this sample stand 20-25 minutes and record the amount of settled material (in
m1/1) {Form FMD-E, Appendix E}. Normally, this creek water will have an unde-
tectable amount of settleable material. Transport all bagged streambed samples
to the laboratory in plastic buckets to prevent damage to the sample bags and
subsequent loss of sampled material.

Laboratory

Transfer each sample from the bag into a separate drying tray. Wash all
material out of the bag into the tray. Place whichever field label is most
legible into the drying tray and record the sample number (transect number-
core number) and tray number on data paper (Form FMD-F, Appendix E). Dry the
samples in an oven at 45°C until completely dry (approximately 8 to 12 hours ).

After drying, shake each sample through the sieve series stacked as follows
(from top to bottom):

76.1 mm

50.8 mm

16.0 mm

6.35 mm

2.0 mm (#10)
.063 mm (#230)
pan.

After shaking for 12 minutes, place the material retained on each sieve
in a separate small tray (of known tare weight) and weigh the material (total
weight - tare weight of tray = weight of material). For smaller mesh sieves
and the pan, use a camel hair brush to transfer all material from the sieves
{or pan) to the trays. :

Composition Estimators

Calculate the volume of water that was present in the corer during sampling
(when the Imhoff cone sample was removed) by converting water depth to water
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volume (Table 11). Multiply the volume of settled material in the Imhoff cone
(m1/1) times the volume of water within the corer (in Titers - 1) to obtain the
total volume of sediment which remained in suspension. Multiply the volume of
~wet sediment times a conversion factor of 027 (Shepard and Graham 1982) to
obtain the dry weight of material in suspension and add this value to the
weight of material in the pan (less than 0.063 mm). Compute the percent of
material by size class. A computer program was developed to do the above
computations (Appendix F).

" Report Format

Graph the parcent of each size class for each individual sample and compo-
sites of samples by site to compare streambed composition changes {see Figure 8
- as an example;. Compute percent of material finer than 6.35 mm and 2.00 mm and

locate points on a graph similar to Figure 9 (developed from Tappel 1981).
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Volume of water (liters) related to depth of water (cm) within

Table 11.
the McNeil-Ahnell (1964) hollow core sampier.

Denth of Volume of - Depth of Volume of

Water {cm) Water (1) Water (cm) Water (1)
25.5 7.88 43 25. 18
26 ' 8.48 ~ 44 26.18
27 9.43 45 27.08
28 10.48 46 28.03
29 11.58 47 28.88
30 12.48 48 29.73
31 ' 13.58 49 30.63
32 14, 38 50 31 58
33 ' 15.38 51 32.53
34 16. 38 52 33.38
35 17.38 53 . 34.38
36 18. 38 54 35.38
37 19, 38 55 36. 33
38 20. 33 56 37.33
39 21.33 57 38. 33
40 22.28 58 39.43
41 23.38 591/ 40.43
42 24. 38 60— 41.13

1
-/ Top of corer
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FLATHEAD LAKE

Implementation of any monitoring program to document temparal changes in
the status of the fish resource in the upper Flathead basin must include moni-
toring of Flathead Lake. Flathead Lake provides the environment for favorable
growth which allows the fish species present in the upper Flathead basin to
attain the large sizes for which they are known. ‘Temporal trends in Flathead
Lake's fish resource and associated food resource must be documented by moni-
toring to allow future managers to assess the status of the resource and po-
tential negative impacts of development in the upper basin. L

The recommended monitoring program presented in this report does not
jnclude monitoring of kokanee because other studies are presently being con-
ducted on this species in Flathead Lake and.the Flathead River system above
the lake. Monitoring recommendations for assessing kokanee abundance will re-
sult from those studies upon their completion. Recommendations for monitoring
Flathead Lake were drawn from Leathe and Graham (1982}.

PHYSICAL LIMNOLOGY

Temperature profiles should be measured in gill netting and plankton
sampling areas at the time of sampling. We designed the gill netting series
to be done during the early spring when the lake is isothermal (4-5°C), and
temperature profile information will document this condition. If the lake is
_ found to be isothermal at areas 1 and 2 and weather conditions remain stable,
no temperature data needs to be collected at the other three gill.netting

sample areas. Water temperature profiles must be measured at all plankton
sampling sites. ' '

Temperature should be measured to the nearest 0.5°C at one meter inter-
vals using an Applied Research FT3 hydrographic thermometer or equivalent.
Water transparency should be estimated to the nearest 0.5 m using a 20 cm dia-
meter Secchi disc in all sampling areas.
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RELATIVE FISH ABUNDANCE

Sample Sites

Relative fish abundance sampling should be conducted in five major areas
of the lake during the spring {(Figure 10). In each area, three sample sites
will be netted. A1l five areas were assigned as top priority, but sampling
can be modified to gather relative fish abundance data primarily for adult
westslope cutthroat trout by using only floating gill nets or primarily
subadult and adult bull trout by using sinking gill nets exciusively
(Table 12). :

Fquipment Needed

Lists of equipment needed are in Appendix D.

- Assumptions

1) Catches from standard gill net sets conducted at a specified time
of year can be used to index long-term trends in the abundance of
westslope cutthroat and bull trout in Flathead Lake.

Assumption 1 is based on catch per unit effort, where effort is held
constant with respect to number and type of gear, duration fished, and
time of year fished. We are assuming that equal netting effort at a specific
time each year will identify changes in fish abundance. We recognize that
populations of mature adfluvial cutthroat may not be fully monitored due
to entry of a portion of this group of fish into the Flathead River during
the winter months. : '

2) Gonadal condition of westslope cutthroat trout can be used to
determine reproductive status.

Assumption 2 is easily met by recognizing the state of maturity from
gonadal development for westslope cutthroat (Appendix H).

Procedure

Gill netting should be done in five areas of the lake each spring
before runoff when the lake is isothermal at 4 to 5°C, so that year-to-year
variations in limnological conditions are minimized. We recommend that
gill netting begin in the upper two areas (1 and 2 on Figure 10) to avoid
changing Timnological conditions caused by the formation of a turbidity
plume from the mouth of the Flathead River associated with spring runoff,

Nets should be set at three sites within each netting area for a total of
15 sites being netted each spring (Figure 10). A combination of multistrand
nylon gill nets are to be used at each netting site.. Two standard (1.83 m X
38.1 m; equivalent to 6' X 125') floating nets should be tied end to end and
set at each site by tying them off to the shoreline and stretching them perpen-
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‘Area 8

— - -

Figure 10. Map of Flathead lLake, Montana depicting major lake areas (1-12),
seven zooplankton sampling stations (indicated by asterisks)
with associated average depths (meters}, and five gill netting
areas.
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Table 12. Netting locations, estimated man-days and priorities for a gill
netting series, consisting of a double floating and a double
sinking gill net, each set overnight at three sites per area
during early spring. '

Man-Days
Netting Location : i Data
Area™ ' Field Analysis Priority
1 4 2 1
2 4 2 1
4 4 2 1
5 4 2 1
8 4 2 1

1/ See map (Figure 8) for area 10cati§ﬁs.
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dicular to the shoreline. Two standard sinking gill nets tied end to end
should also be set at each site. Sinking nets should be set perpendicular
to the shoreline along sloping lake bottoms at depths ranging between 10
and 35 meters. Sinking net sample locations should be identified using

a chart recording echo sounder. Al17 gill nets should be constructed of
five equal Tength panels of 19, 25, 32, 38 and 51 mm mesh (bar measure).
Montana Department of Fish, Wildlife and Parks records should be consulted
to determine specific netting locations and depths fished.

Net sets should be made in the evening and retrieved the next morning.
After removing the fish from the nets, record (by species for gamefish)
total Tength (the nearest mm), weight {to the nearest ¢ for fish less than
500 g and to the nearest 5 g for fish larger than 500 g), check gonad
~ development on wests]ope cutthroat after cutting open the -body cavity, and
' take scales from just above the lateral Tine between the dorsal and adipose
f1ns Measure the total 1engths of all nongamefish.

* Long-term Reiative Fish Abundance Estimators

: Calculate the number of fish (by species) per single standard net by
-type of net (sinking or floating) and area. Compute the number of mature
-westslope cutthroat (those expected to spawn during the upcoming season},
the sex ratio and the percent of fish expected to spawn. Determine the
size comp051t1on and condition factors of the gamefish captured Determine
the species composition for the entire catch.

Report Format

Report the number of fish (by species) per single standard net by type
of net (floating or sinking) and area. Report percent composition by species
and net type (as shown in Table 13). Compare the results to results as shown
in previous years (Figure 11). Tabulate the sex composition and percent of
westslope cutthroat expected to spawn (Table 14}, and the size compos1tton
of bull trout (Tab}e 15).

-49-



Table 13. Percent composition by species and net type of combined spring,
summer, fall and winter gill net catch on FIathead Lake 1980-

81
: _ Percent of catch -~ . = Total
Species . Abbreviation Sinking nets Floating nets catch
Cutthroat (WCT) 01 (08 128 - 219
Bull trout (DV% - 10.3 (14.8) 3.4 469
Lake trout (LT 1.5 { 1.5) 0.2 63
Kokanee - (KOK) 2.3 (10.9) 23.0 - 479
Lake whitefish : {LWF) 27.0 (44:8) 1.3 1,105
Mountain whitefish (MWF ) 5.9 ( 1.4) 1.5 - 260
Suckers o (sy) 4.8 { 2.2) 0.4 197
Northern squawfish (NSQ) - 18.2 {10.4) 20.3 1,072
Peamouth (PM) 28.9 { 5.0) 36.5 1,771
Yellow perch ~(YP) - 0.7 { 1.0) 0.4 34
Rainbow trout (RB) . 0 (0 ) 0.1 1
Northern squawfish (NSQXPM) 0.5 (- ) 0.1 22
X Peamouth K ,
Eastern brook trout (EB) 0 (- ) 0.1 1
TOTAL CATCH _ 4,011 1,682 - 5,693

a/ Catch composition during the period November ‘1967 through August 1969
(from Hanzel 1970).
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Sex compbsition and percentage of fish expeéted to spawn for

Table 14. !
westslope cutthroat trout captured in floating gill nets in
Flathead Lake during 1980 and 1981.
No. fish | Ratio Percent of fish
Season ., sexed &9 expected to spawn
Fall 1980 & 1981 71 S 1:1.7 15%
Winter (Jan 1981) 40 1:2.5 3%
Spring 1981 ' 102 1:2.5 2%
Table 15. Size composition of the 1980-81 Flathead Lake bull trout gill
net catch as compared to previous gill netting conducted by
Montana Department of Fish, Wildlife and Parks personnel during
the years 1967 through 1970.
Percent Percent
' No. Mean Length >457 mm >634 mm
Timespan fish Tength(mm) _range (18 inches) . {25 inches)
1967-1970 842 388 165-869 sy
1980-1981 588 412 177-764 4%
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ZOOPLANKTON

Crustacean zooplankton were found ta be important food items in the diets
of many fish species in Flathead Lake (Leathe and Graham 1982). Patential
changes in the water quality of Flathead Lake resulting from upper basin cr
lakeshore development could alter the specie$ composition and/or abundance of
crustacean zooplankton populations in the Lake.  Significant changes in
zooplankton populations would probably impact fish populations using the Lake.
Since the presence of opossum shrimp (Mys<is nelficta) has been documented in
Flathead Lake (Leathe and Graham 1982), monitoring of zooplankton populations
becomes more important (see Leathe and Graham 1982 for a discussion of possible
future ramifications of the establishment of Mysis in Flathead Lake).

Sample Sites

We recommend sampling relative zooplankton population densities and species
composition in at least one area of Flathead Lake. Leathe and Graham (1982)
suggested any deep water (30 m or deeper) location should be selected for moni-
toring zooplankton. They recommended the Bigfork (Station 2:4) or Yellow Bay
(Station 8:7) due to the existence of previous data (Figure 10). We recommend
using the station at Bigfork, since previous data has been collected and a
popular summer kokanee fishery exists there. Stomach samples from kokanee
could be collected from this area during a summer creel census. Priorities
were determined for various zooplankton sampling frequencies at the Big Fork
or Yellow Bay stations (Table 16}, Station 6:3 (Big Arm) could be added to
the monitoring program if budgetary constraints allowed, since significant
differences were observed for Cyclops in 1980 and Daphnia Longiremis ~in 1981
between this station and other sampling stations (Leathe and Graham 1982).

Equipment Needed

A 1ist of equipment is contained in Appendix D.

Assumptions

1) Shallow vertical surface plankton tows (0-15 m) will adequately repre-
sent populations of crustacean zooplankton in Flathead Lake.

Leathe and Graham (1982) found that all of the important summer food organ-
isms in the diets of planktivorous gamefish concentrated in these surface waters
(0-15 m) during the summer months. Leathe and Graham {(1982) also evaluated the
reliability of using vertical plankton tows with a metered Wisconsin net by com-
paring results obtained using this method with esuTts using a Schindler plexi-
glass plankton trap, believed to be one of the most efficient zooplankton
sampling devices (Schindler 1969, Prepas and Rigler 1978). Differences between
the two samplers were found to be nonsignificant using a paired t-test (0.255 p
20.74) for all species except Daphnia thonata. A somewhat significant (p<.07)
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difference was found for this species leading Leathe and Graham (1982) to con-
clude density estimates based on metered Wisconsin tows may underestimate
"correct" densities of Daphnia thorata by approximately 22%. We believe these
findings permit acceptance of assumption 1. _ '

" Procedure
Field

Locate the sampling site in the field using a recording echo sounder
(such as the Honda Si-Tex model HE-256) to find the proper depth (~30 m).
Lower the Wisconsin-type net equipped with the flow meter to. a depth of 15 m
and retrieve the net by hand at the rate of 0.8 to 0.9 m/sec. This can be
-~ accompTlished by pulling the entire 15 m tow in 12 to .13 seconds. Generally,
- if the net is pulled in as fast as possible, the time of the tow will result
+in the proper tow rate. Maintain the boat's position using oars to insure the

““nét is oriented vertically during the net's descent and tow.- Duplicate

tows -should be conducted at each site. V :

Wash contents of the net down into the bucket at the cod end of the net,
first by dipping the net in the lake and then by squirt bottle. Dewater sample
as much as possible before washing with preservative (see Appendix D, p. 6, for
formula) into sample jar. This will minimize sample decomposition which can
occur during long-term storage. Combine both duplicate samples into a single
sample bottle, preserve by topping off with plankton preservative, and label
with the site sampled, the date, the length of the tow, and the time of the
tow. R

Laboratory

Dilute the samples to known volumes of preservative allowing plankton
concentrations to be expanded to total number of plankters in the sample.
Agitate the same and remove three to five 1 ml subsamples from the diluted
sample using a Hensen-Stempel pipette. Place each one ml subsample into a
Sedgewick-Rafter cell.

Count the number of plankton by species (excluding Leptedora and Epischuna)
present in each 1 ml subsample using either a 40X binocular compound or a 45X
dissecting microscope with graduated mechanical stage.

Leptodona and adult Epischura should be counted separately by examining
7 to 10% of each combined sample under a dissecting microscope at Tow power.
Pooled replicate samples from Big Fork or Yellow Bay should be saved for
historical purposes. These samples could be stored at Montana Department of
Fish, Wildlife and Parks Regional Headquarters in Kalispell or at the University
of Montana Biological Station at Yellow Bay.
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Population Density Estimators

Compute the density, in number per liter of water sampled, for each
species, excluding Leptodora and adult Epdschura. Compute the density for
Lepfodona and adult Epischura as the number of organisms per cubic meter

of water sampled.

Report Format

. Report the mean densities and range of densities for each species by
station for the period April to October (Table 17, for example}.

Mysis Sampling

Leathe and Graham (1982) documented the presence of Mysis relicta in
Flathead Lake and discussed the implications of their find. Mysid abundance
should be monitored in Flathead Lake by conducting 30 m vertical tows, using
0.5 to 1.0 m diameter coarse mesh fry nets {1 to 2 mm mesh opening), monthly
at night during the dark phase of the moon in May and June at the Big Fork
plankton station (2:4) and optionally at the Yellow Bay site (8:7) (Figure
10). Analyze the samples using the same techniques as described for Leptodora

and Epischura.
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APPENDIX A

Estimated budgets {(based on 1982 dollar
valués) for recommended long term monitoring
of the fish resource in the upper Flathead
Basin. o o
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APPENDIX B~
Evaluation of mark-recapture, two-catch and

multiple-catch estimators and:underwater caunts
to estimate fish abundance in mountain streams.

LY



The reliability of any method to estimate fish abundance is an important
consideration when conducting research or .designing a monitoring pragram.
Ricker (1975) presents a brief histary an.the arigins of recarded. demographic
statistics. Otis et al. (1978) present an excellent historical overview of
- the more recent works on the development of statistical techniques to describe
closed animal populations. White et al.:(1982) explain the underlying assump-
tions and statistics for sampling ¢losed populations and discuss four models
to test specific assumptions about capture.probabilities using field data. We
urge readers who are interested in exploring the background history of demo-
graphic statistics and the thedry of statistical inference to consult the
above wWorks. When applying the above estimators to assess salmonid populations
in streams, electrofishing has been the most common technique used to capture
fish. The use of direct underwater observation to assess fish abundance has
been a relatively recent phenomena. El11is (1961) and Keenleyside (1962) first
reported using diving to observe and photograph lotic salmonids.

Little definitive research has been conducted to evaluate the relative
efficiency of underwater counts compared to more conventional electrofishing
estimators (mark-recapture, two-catch or removal). Northcote and Wilkie (1963),
Reed (1967), Whitworth and Schmidt (1980}, and Griffith (1981) assessed the re-
producibility and replicability of underwater counts versus electrofishing or
seining techniques and found underwater counts provided reasonable estimates.
Washington State Game Department (1977) evaluated underwater counts versus
mark-recapture and removal electrofishing estimates and found that underwater
counts produced unsatisfactory results. These apparent conflicting studies can
be attributed to the fact that these two estimation techniques'(underwater
counts and electrofishing) are often mutually exclusive. When water conduc-
tivities are high enough for electrofishing to be efficient, water clarity is
usually so poor that underwater observation of fish is not possible., When water
clarity permits underwater observers to count fish, Tow water conductivities
generally limit electrofishing. . :

Collection of fish resource baseline information in tributaries within the
the upper Flathead River basin provided a unique opportunity to evaluate several
methods for estimating fish abundance. Water clarity in streams of the area was
such that divers could observe fish from a distance of 2.0 to 4.0 m, and conduc-
tivities ranged from 82 to 340 uohms (Fraley et al. 1981, Shepard et al. 1982).
This combination of conditions allowed reasonable comparisons to be made between
various electrofishing estimators and between an electrofishing estimator (two-
catch) and underwater counts. The following reports on results of these investi-
gations and reviews the pertinent literature. This document contains two parts:

Part I. Electrofishing estimators - where various electrofishing
estimators are evaluated; and

Part II. Underwater observation - where underwater counts are compared
to two-catch estimates. ' '



PART I. ELECTRCFISHING ESTIMATORS

A review of the literature disclosed that there are three population
estimation techniques well suited to electrofishing in streams (Zippin 1958,
Seber and LeCren 1967, Vincent 1971, Ricker 1975). Two of the three methods
are based on removal or depletion-type estimators and are referred to by -
multi-catch (Zippin 1958) and two-catch (Seber and LeCren 1967) in this report.
Both are special cases of catch per unit effort (CPUE) estimation techniques
reviewed by Ricker (1975}, where the effort is held constant. ~The third techni-
que is the mark-recapture methed ar modified Peterson (1892, 1896, 1922).

Previous investigators have questioned the reliability of two-catch and
multi-catch estimators because a basic underlying assumption, constant proba-.
bility of capture during all fishings, is frequently violated (Zippin 1958, Seber
and LeCren 1967, Gooch 1967, Mahon 1980). When probability of capture decreases
during subsequent fishings, an underestimate usually results (Zippin 1958,

Gooch 1967, Mahon 1980). The advantage of completing a fish population estimate
in a single day warranted further investigation into these depletion methods.
Junge and Libovarsky (1965) demonstrated that the bias in the estimate of popu-
lation size due to gear selectivity will be small if p (probability of capture)

is large. White et al. (1982) stated two-capture estimates will provide reliable
estimates even if capture probability is not constant, as long as p is greater
than 0.8. Cross and Stott (1975) reached a similar conclusion and believed that
the two-catch method was applicable in "fairly small streams."”

We tested the reliability of two-catch, multi-catch and mark-recapture
estimators using electrofishing techniques for estimating numbers of westslope
cutthroat and bull trout larger than 75 mm in tributaries within the Flathead
Basin (Table 1). Seber and LeCren {1967) warned that it cannot be assumed that
" an equal probability of capture exists for all species present, or all size
classes or sexes within each species. We believed fish less than 75 mm were
inefficiently sampled due to the mesh size of our block nets (12.7 mm) and
inherent selection of electrofishing for larger fish. We also assumed little
differential probability of capture existed for each species in the range of
sizes sampled (75 to 250 mm). Estimates were conducted separately for each

species.

We concluded that two-catch electrofishing estimators provided reliable
estimates of the number of fish 75 mm and longer in streams flowing 10 cfs
or smaller. In streams flowing 10 to 20 cfs, two-catch estimators may be
applied only if p values are larger than 0.6 (Table 1). In streams larger than
20 cfs, mark-recapture estimates were generally higher and more precise than two-
catch estimates (Table 1). We also recommend using bank shocking techniques
where possible; however, a backpack mounted generator-Variable Voltage Pulsator
combination (Coffelt or equivalent) was found to be reasenably effective in
streams flowing less than 10 cfs.
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The statistical model used to estimate fish numbers from a two-catch

electrofishing effort is:
- 2
N= G (Seber and LeCren 1969)

€, -G

Where: '
N = population size at time of first catch
€, = number of fish captured during first catch
C, = number of fish captured during second catch.

Variance of the estimate:

. 2 2
V(N) = C; Cp (C;+.Cy)
T GT

Probability of capture:

5 =(; - G
El
Where: h
€, = number of fish 375 mm captured during the first catch
C, = number of fish 275 mm captured .during the second catch.

Probability of capture (p) must be 0.6 or higher to provide a reliable
two-catch estimate. It may be necessary to shift from a two-catch estimate
to a mark-recapture estimate for any census site where the computed p (calcu-
lation done in the field) is ‘less than the desired level (0.6). If p <0.6,
field personnel must be flexible and mark all fish captured (C, and C;) to
allow for a recapture fishing two or three days later.

The statistical model used to estimate fish numbérs from a mérk-recapture
glectrofishing catch is: ' B ' o '
R=(M+1)(C+1) " (Ricker 1975}




Where: N = estimate of population size at the time of marking
M = number of ffsh marked
C = catch or sample taken and examined for marks (catch of recapture
fishing)
R = number of marked fish captured"dufing recapture fishing

Variancequ estimate (Chapman's [195ij formula presented on page
78 of Ricker [19751): : : :

V(N) = N2(C - R)
(C+ 1) (R+2)

‘,,.,,
- |

_:Chapman 5 or1g1na1 formula for computtng N was IoEn
= (M + 1) €y g AR '1': S

“Ricker (1975) stated the "-1" was of no practical s1gn1f1cénéézahd we agree.
The above formula to estimate N is based on a hypergeometric dTStr1but1on
Bailey (1951) computed a formula based on a binomjal distribution of::

N =M (C + 1). Ricker (1975) recognizes this as practically 1nd1st7nguzshab1e
R+ 1

from the Chapman's formula, and we believe at the level of sampi1ng\prec151on
normally encountered during electrofishing the slight difference bétween
the two formulas as meaningless. The number of mortalities foynd during
the marking fishing and between the two f1sh1ngs must be added to the estamate
(separated by parentheses) R0
. Confldence Timits for N fo??ow an asymetrical distr1bat1on because of
. the samp11ng design. This asymetricl distribution is skewed such that the
lower confidence 1imit is narrower than the upper confidence 11m1t Statistically,
it is best to approximate this asymetric normal distribution by uszng the
inverse (l/N) because this is more symetrically distributed and woré nearly
normal than N (Cormack 1968). The associated variance can be estimated by:

Var (1/N) = Var gN then converted back to the rec1proca1 which results in
(R)*

asymetric confidence intervals. Anether alternative is to base confidence
intervals on the probability distribution of the number of marked recaptures
(M) which is assumed to have a hypergeometric distribution (Ricker 1975).

The hypergeometric distribution is extremely difficuit to calculate and is
best approximated by Poisson, binomial or normal distributions. Chapman (1948)
suggested the following most appropriate approximations:

C <500 3 ‘% <0.1 Poisson approximation

R >0.1 Binomial approximation
C



500 <C <1000; %_50.075 Poisson approximation
% >0.075 Normal approximation
C ;1000; %_50.05 Poisson approximation
or R <100 Poisson approximation
%‘>0.05 Normal approximation
R <100

Statistical accuracy would require the use of inverse or binomial compu-
tation of confidence intervals in streams where C is less than 500 and R s
greater than 0.1 (as is the case in Flathead River tributaries). How- C
ever, monitoring fish populations to meet fish management goals requires
less precise information as managers generally deal with changes in population
Jevels on an order of magnitude which makes the method used to calculate
confidence intervals insignificant. For that reason and ease of computation
and acceptance by management biologists, we recommend applying the normal
approximation of +2/§fﬁy.(Vincent 1971), realizing that upper confident

jntervals will be underestimated.

sample sizes required for estimating fish numbers are dependent upon the
level of precision desired. For two-catch estimators, the higher the value of
p, the more precise the estimate will be. For mark-recapture estimates,
Robson and Regier (1964) prepared charts for determining the number of fish
needed for various levels of precision. These charts can be used to determine
the number of fish that are needed on a.recapture fishing conducted after
marking a known number of fish, at a Tevel of precision desired. If equal
efforts are extended during both the marking and recapture electrofishings,

consult Table 2.

When increased precision is desired a Schnable-type (1938} multiple
census may be the preferred alternative. For an excellent discussion of the
history and options available in mark-recapture and removal methods, the
reader is directed to the recent work of White et al. (1982). This document
discusses the use of a computer program, CAPTURE, to statistically evaluate
models (estimators) used to compute estimates.



Table 2. Number of fish to be captured during each fishing (marking and
recapture) for various estimated population sizes (N) and error
bounds (B, recommended B<0.25 R) at the 95% level of confidence.
From the formula: 5 _ STNEINH] ° where M=C, presented by Jensen

- (1981). ME
Estimated
population - Error‘bound (B) 4
size () 25% N> 504 N - 100% N

25 20 14 . 9
. 50 33 22 . 13
100 54 33 ‘ 22
- 150 - . 71 42 CoeL 023
- 200 86 50 .27

1/ Recommended error bound.



PART II. UNDERWATER COUNTS

Comparing relative fish abundance between waters within the Flathead
basin required using a single technique. Snorkeling was selected as the
standard method because large portjons of the Flathead drainage 1lie within
Glacier National Park, Great Bear Wilderness and Bob Marshall Wilderness
boundaries, where the use of motorized equipment s prohibited. Snorkeling
has been shown to be an effective technique for evaluating fish populations
in clear, Tow-conductivity waters (Northcote and Wilkie 1963, Goldstein
1978, Whitworth and Schmidt 1980, Griffith 1981).

Comparisons were made between two-catch electrofishing estimates and
underwater counts in selected stream sections within the Flathead basin
(Table 3). These comparisons revealed that: 1) underwater counts generally
underestimated fish abundance and the magnitude of bias varied between
species, 2) water temperature appeared to influence the accuracy of the
count, and 3) physica1 characteristics of the stream (streamflow, water
c1ar1ty, riparian canopy, instream debr1s) influenced the number of fish
observed by snorkelers.

Pearson correlation coefficients computed for differences between _
snorkel counts and two-catch electrofishing estimates of westslope cutthroat
trout illustrated that overhead (bank) cover, gradient, instream cover
and temperature all may influence the relative estimate of fish abundance
using underwater counts (Table 4}. For juvenile bull trout, flow, temperature
and to a lesser extent instream and overhead cover may influence the number
of fish enumerated by underwater observers (Table 5). Juvenile bull trout
abundance was more difficult to assess accurately using snorkel techniques
than cutthroat trout abundance. Snorkel counts were in close agreement with
e?ectrof1shang estimates for cutthroat in streams with 1ittle instream debras,
1ittle riparian canopy, low channel gradient (less than 3%) and low to
moderate streamflows (5 to 20 cfs), provided the counts were conducted during
the middle of the day in late summer when water temperatures were higher
than 10.0°C {e.g., Cyclone and Giefer creeks, Table 3). Correction factors
{the number of fish estimated using two-catch electrofishing estimators
divided by the number of fish counted by underwater observers) were computed
to more reliably compare snorkel counts to electrofishing estimates.
Correction factors ranged from 0.86 to 1.47. A better relationship between
underwater counts and electrofishing estimates needs to be developed which
incorporates environmental variables. Initial attempts at developing these
types of relationships indicate snorkel counts can be used to predict
numbers of fish estimated using two-catch estimators.
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Table 4. Pearson correlation coefficients for difference and percent difference
between snorkel counts (SC) and two-catch electrofishing estimates
(2C) of westslope cutthroat trout versus five habitat characteristics
in ten stream sections. '

" Difference’

Number . Percent Difference

(SC - 2C) (SC -"2c/2C)
Flow {(cfs) -.226 ' .043
Temperature (°C) -.041 -.565
Gradient (%) .494 .797
Instream cover (%) .310 L491
Overhead cover (%) .596 .693

-10-



Table §. Pearson correlation coefficients for difference and percent
difference between snorkel counts. (SC) and two-catch electro-
fishing estimates (2C) versus five habitat characteristics of
juvenile bull trout in seven stream sections.

. .Difference o '~-Percent;Difference

(SC = 26) __(s¢ - 2C/2c)
Flow (cfs) e | 689
Temperature (°C) 3 - -.415 -.489
Gradfent (%) -.293 - V.OOS
Instream cover (%) -.424 012
Overhead cover (%) -.396 124

-11-
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APPENDIX €

Maps showing sample site locations of

fish abundance sections, streambed sampling
areas and bull trout redd survey sections

_ recommended for long-term monitoring of the
fish resource in the upper Flathead Basin.
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Akokala Creek Drainage

Fish Abundance:

Cross the North Fork of the Flathead River at

the Polebridge Ranger Station of Glacier National
Park. Proceed north, crossing Bowman and Akokala
creeks. After crossing Akokala, look for a
small, obscure grass covered road to the east.

The road will be on the edge of the timber

as you see a small meadowy spot. Walk the

old road; it will become a path. The path
becomes difficult to follow once it reaches

a meadow. It goes through the center of the
meadow. Look across the meadow and head for

the depression in the land. Find the path

again and proceed across the creek, up a

steeper side hill, and along the flat until

you see a small cabin on the north side of

the path. Walk straight to the creek behind

the cabin. This is the bottom of the snorkel
section.
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General Directions:

&
®

AN

Big Creek Drainage

Pass the Big Creek Ranger Station on the North Fork

Road (FHA1, 210), and turn up Big Creek Road (316);

remain on 316 by taking the southwest fork (left) at
the first intersection.

Fish Abundance - Langford,Creék: See general directions.

~Just past the intersection, -Took for a small bridge-
culvert. The creek is small, with Tots of overhang.
The culvert is in the middle of a large curve in the
road. The upstream end of the electrofishing section
is the downstream side of the culvert.

Preliminary redd survey: See general directions.

Proceed up on Road 316 until you reach the Hallowat
creek road (315). Stay Teft on road 316, stopping
at the bridge and walk downstream.

Redd survey: See general directions.

Proceed up Road 316, pass Hallowatt Creek and the
Hallowatt creek road (315) Park immediately past
Road 315 and walk upstream to the first large
stream-coming in from the south (left};-this is
Skookoleel Creek. Begin redd survey at this con-
fluence, walking downstream below the mouth of
Hallowatt and below the next bridge (Skookoleel
Creek Road 316E) approximately 500 meters. There
will be several cut banks below 316E; stop at the
one with an evident clay content.

Streambed monitoring: See general directions.

Continue on the Big Creek Road until road number
316£, and take a left. Park across the bridge.
Coring sites are located below the bridge in the
first log jam and further downstream just above the
clay bank.
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Coal Creek Drainage

General directions: Pass Big Creek Ranger Station on North Fork Road
(FH61, 210), turn west onto the Big Creek Road

(3167,

Turn right (northwest) onto the Coal Creek

Road (317). Pass Mud Lake and cross Coal Creek.

—{e

—{e

?

Fish Abundance: Cyclone Creek: See general

directions.

Proceed over the hill; the road will flatten
and you will see a private cabin on the north-
side of the road. There is a small driveway
just east of the cabin. The upstream end of
electrofishing section is straight into the
creek from the junction of the driveway and

road 317.

Fish Abundance: Dead Horse Bridge site: See

general directions.

Proceed past the Cyclone Basin Road (909),

and take the first major road south to Dead :
Horse Creek (1683). The upstream end of the
section is the downstream side of the bridge.

Y

PreTiminary redd survey: See gene?a1 d{rections.

Proceed past the Cyclone Basin Road (909) and
take the first major road south toward Dead
Horse Creek (1663). Walk up stream from
bridge.

Redd surveys: See general directions.

Proceed past 909 and 1693. Go approximately
1.5 miles west of the Dead Horse Road (1693)
passing a clearcut on the south side of the
road. There are no good landmarks along the
road at present. It would be better to walk
into Coal Creek from the road side, and walk
downstream to the confluence of Coal and the
South Fork where the count begins. Consult
USFS topographic map Cyclone Lake Quad.



JAN
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Coal Creek Drainage cont.

Streambed monitoring: Dead Horse Bridge site:

See general directions.

Continue on the Coal Creek Road (317) until
you reach the Dead Horse Creek Road (1653).
Park at the turnout just before the bridge.
The coring site is just above the bridge.

Streambed monitoring: Cyclone’ sate <See

general directions.
Follow the Coal Creek Road until the creek 1s ,
visible from the road. This will be at the =
Cyclone Basin Road (909). Enter

the creek here and proceed up: upstream past the
large debris jam. Locate rebar on upstream
right gravel flat. SR
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Re

d Meadow Drainage

—e. Fi

sh Abundance:

!

Cross Red Meadow Creek on the North Fork
Road (FH61, 210)}. Turn up the Red Meadow
Creek Road (115). Stay on Road 115, bearing
left at the first two junctions. You will
cross the creek, go approximately one more
mile up road 115. Turn right on. a small
road (its the first right past the bridge):
at the east edge of an old clearcut. There
is a large turn around spot near the creek;
if you walk straight into the creek there

is an embedded log across the .creek bottom,
the downstream border of the section. From
the turn around area there is"a tire track to
the west, it goes to an old side channel of

“the creek. Walk down this side channel to

the creek, the upstream end of the section.

<11-
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Whale Creek Drainage

General Directions: Proceed up Nerth Fork Road (FH61, 210). Cross
Whale Creek; turn up Whale Creek Road (318).

‘;{? Fish Abundance: See general directions.

Proceed west, passing two major intersections
(1671, 1672). At the next fork, go right
toward Shorty Creek. You will cross Whale
Creek almost immediately. Walk below the
bridge to the cenfluence of Shorty and Whale
creéks; the top of the electrofishing
section is at the unstream end " of .the first
riffle.

"<;) h Preliminary redd survey: -See general directions.

Proceed west, take first road south (Whale
Buttes Road, Tower Moose creek bridge (1671).
Walk upstream from the br1dge

Redd survey: See genercﬂ directions.

Proceed west, passing 2 magor intersections
(1671, 1672). At the next fork, go right
touard Shorty Creek. You will cross Whale
Creek almost immediately. Below the bridge
at the confluence of Whale and Shorty
creeks, begin the redd count.

Halk to the Center Mountain Road Bridge on
1672 the first day, and finish the section to
the Whale Buttes Road Br1dge on 1671 the

- - second day.

zfjx _ Streambed monitoring: See genéra? directions.

Continue on this road until the first major
road to the left (1671). Park in the first
turn out before the bridge. Walk down to
the creek at this point. This will nlace
you just upstream from the two coring sites
above the bridge. The third site is just
downstream of the bridge.

-13- f
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General Directions:

+

Trail Creek Drainage

Cross Trail Creek along the North Fork Road
(FH61, 210) and turn up Trail Creek Road (114).

Fish Abundance: ~See general directions.

Proceed up Road 114 and pass Cleft Creek Trail; .
continue west 0.75 miles more until you see a
meadow on north side of the road. There is an

old road on the south side of Road 114. Walk

down to the creek. This is the top of the electro-
fishing section. ’ .

PreIimiﬁary redd surveys: See general directions.

1) Proceed up Trail Creek Road (114) past homes
and tallus rock slope on north side of road. Park
at next road past tallus slope and walk downstream
along the rim of the canyon. The rim leads away
from the creek, keep following it until you see the
creek again, and a spring channel of approximately
25-30 cfs below. The spring channel is the pre-
liminary survey site.

2) Back track from tallus slope in #1 and take
first road that goes south and has & north branch
as well: walk down steep dirt bank, check pool
below with large rock wall on south side of creek.

Redd survey: See general directions

Stop at the Cleft Creek trail head sign, and go

down the old road to the bottom of the hill; walk
into the creek and look around, this is the down-
stream end of the section. Note the large gravel

bars, and three short channels which you can .

see standing along the bank.

Proceed up Trail Creek Road 114 past homes and a
tallus slope by the road. Park at the next road to
the north after the tallus slope. You will be able
to see a canyon area of the creek. Walk downstream
along the rim of the canyon until- the rim teads you
away from the creek; at this point the valley floor
widens; go down to creek and initiate redd count.

-15-



Trail Creek Drainage cont.

74{}5 Streambed monitoring: See general directions.

Proceed up Road 114 to tallus slope along the
north side of the road. You can see the creek
at this point. Proceed a very short ways beyond
this rock area to the next place you easily see
the creek. There is a steep dirt bank. Fix a
rope to a nearby tree along the road for ease of

moving equipment.
Ziik Streambed monitoring: See general directions.

Proceed up Road 114 to tallus slope along north
side of the road; back track to the first small

road which goes south to the creek, and north as
well. Take the south branch, walk past the wrecked
car; go down the hill to the creek and walk
downstream until you see a large pool with a

rock wall along the south bank. The transects
begin in the tail of this pool.

-16-



wl7=



yaauy a3l ul mcFLoupcos WA33 BUOY 401 PIPUBUKIOIS

UoL303s »m>;mm PP34 30043 |[NG pue UOLIIDS IJULPUNGR YSL) 4O UOLIRIOT

LEEL
310

u_'..m.dm.
Buipiof.s X

AFIHD
e

*g 94nbLy

e

Gy
3

-18~-



Ole Creek Drainage

-—{% Fish Abundance:

This section began at the Fielding-Coal Creek trail
crossing and extended 150 m downstream. Access is by
turning left off of Highway #2 approximately 100 -m up-
stream from the Geifer Creek bridge and proceeding through
a gravel pit. Stay left at the fork and cross a.gated
bridge below outlet of a small Take. Continue to the
Burlington Northern-Railroad where you turn right and
follow tracks for approximately 1.2 km. 'The Fielding-
Coal Creek trailhead was located on the point of a 165
degree bend of the railroad grade. Hike the trail past
the patrol cabin and down into the Ole Creek drainage.’

A Glacier National Park campground was located at-the
crossing where the section began. - " .eei: T

. S
S ey
LR -

Redd éufveg:

Redd counts were made from the Fielding-Coal -€reek -trail
crossing downstream to the upper end of the canyon section
on lower Ole Creek. Access is the same as listed for -
the Ole Creek electrofishing section. The lower end .
of this section is located at the fifth tributary on .-
the south below the Fielding-Coal Creek trail crossing
(at stream km 6.0). (See Blacktail and Essex Quads}.

A Y

A
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Granite Creek Drainage

-—[? Fish Abundance: Challenge Creek

This section began at the cattle guard across Forest
Service Road 569 at Challenge Cabin and extended down-
stream for 150 m. Forest Service Road 569 (Skyland
Road) is located off Highway #2 approximately 3.5 km
west of Marias Pass. -

-

Redd survey: Granite Creek . . . wac.

Redd counts were made from the Tower end of the dry
section down to the upper end of the canyon on lower
Granite Creek. Access to this section was by Forest
Service Road 569 to the Free Firewood Access Road on
the right, past:Challenge Cabin. Drive down the Firewood
Road through .the first clearcut and park just passed
the corral in the second clearcut. Drop down into the
creek bottom at this point and proceed down through

the dry section until the stream resurfaces. The Tower
end of this section was at the fourth tributary on the
west below the dry section (See Red Plume Quad).

ZC>S _Streambed Monitoring: Granite Creek

A substrate coring site was located below the dry section
of Granite Creek. Access is the same as for redd counts
only continue on the Firewood Road to approximately

midway into the third clearcut. An unmarkéd“trail leads
down into the creek bottom near this point. Follow

this trail down and walk the streambank until the rebar
marking the transects is observed. Rebar on the downstream
left is painted red and downstream right is painted

green (See Red Plum Quad and 1982 fall coring data).
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MORRISON
CREEK

SCALE

Location of preliminary bull trout redd survey section of
Morrison Creek and the bull trout redd survey sections re-
commended for long-term monitoring in the Morrison Creek drainage.

Figure 10.
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Morrison Creek Drainage

Fish Abundance: Morrison Creek

This section began at the bridge on Forest Service Road
2848 and extended upstream 150 m. This section is best
accessed by taking Forest Service Road 569 (Skyland
Road) and proceeding past the Morrison Creek Trailhead
approximately 1.5 km to the junction of road 2848. Pass
through a Tocked gate and continue on until reaching

the bridge crossing Morrison Creek. A large debris

jam was visible in Morrison Creek above this bridge

and was in the electrofishing section.

Preliminary bull trout redd survey: Morrison Creek

From the first crossing of the on Morrison Creek trail
downstream 1 mile. Access provided by Forest Service
Road 569 to the old trailhead.

Redd survey: Morrison Creek

Redd counts were made from the first crossing of the
old Morrison Creek trail down to the first trail crossing
below the mouth of Lodgepole Creek. Access jis. provided

by Forest Service Road 569 to the_old_trai?head:

Redd survey: Lodgepole Creek {

Redd counts were made from the junction of Whistler

Creek down to the mouth of Lodgepole Creek. Whistler
Creek is accessed from the Morrison Creek trailhead

on Forest Service Road 569. Proceed down the Morrison
Creek trail approximately 13 km to the junction of the
Lodgepole Creek trajl. Turn left onto the Lodgepole

trail and cross Morrison Creek just below an old outfitters
camp. Continue on the Lodgepole trail to the Whistler
Creek crossing {3 km) then follow Whistler Creek down

to its mouth (See Capitol Mtn. and Gable Peaks Quads).

-23-

at
7
gt



Gooseberry

u.,_ Cabin \ -
.-_. i '“._.._‘.

Schalar
Crask

Dolly Varden

Craek Strawberry

Craak

Clack

Creok .

i i i for long-
i . Location of fish abundance sections recommended !
Figure 11 term monitoring in the Middle Fork of the Flathead River.



Middle Fork Flathead River

“'{}i; ?i§H Abundance: Upper River.

" This section began at the first Tog jam pool downstream
from Gooseberry Cabin {50 m} and extended down to the

" mouth of Clack Creek. Gooseberry Cabin is located approxi-
mately 23.5 km up the Big River Trail from Schafer Meadows
Airstrip {See Goosebérry Park Quad).

__{; Flsh Abundance: Schafer R1ver Sectaon -

This section began at ‘the pool 1ocated at the upper

~ end of the rock wall above Schafer Horse'Méadows and
extended down-to the -ford at Schafer Meadows This
section is-best accessed by walking the river -upstream
for approximately 3 km above the Schafer ford*(See Gable
Parks Quad). ™
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Schafer Creek Drainage

__{é Fish Abundance: Schafer Creek

This section began at the third tributary on the east
above the Schafer Creek-Capitol Mountain trail junction.
Access by the Schafer Creek trail out of Schafer Meadows
station (See Capitol Mountain Quad).

Redd survey: Schafer Creek

Redd counts were made from the large beaver dam above
Roaring Creek down to the mouth of Dolly Varden Creek.
This beaver dam is approximately 5 km above the mouth
of Dolly Varden Creek and .75 km above the Schafer Creek
E trail crossing. Above this beaver dam the stream was
PR interTittent. (See Capitol Mountain and Gable Peaks
' - Quads). .

‘ Redd Survex: Dolly Varden Creek

Redd counts were made from the barrier falls down to

the junction of Schafer Creek. Access js by the Schafer
Creek trail out of Schafer Meadows. Cross the river

and proceed up to the Dolly Varden crossing. Do not
cross Dolly Varden Creek but continue up the trail on

the upstream left bank to the Argosy Creek trail junction.
Take the Argosy Creek trail down to Dolly Varden Creek
then walk the stream up for approximately 1 km to the
bar21?r falls. (See Gable Peaks and Trilobite Peak

Quads o
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Figure 13.

STRAWBERRY

Location of fish abundance section and bull trout redd survey
section recommended for long-term monitoring in the Strawberry
Creek drainage.
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Strawberry Creek Drainage

“"{% Fish Abundance: Trail Creek

|

®

Redd Survey: Strawberry Creek

Redd Sur§eg: Traf? Cﬁeek'

This section began at the second trail crossing and
extended upstream for 150 m. There was a downed tree
across the pool which was the first feature in this
section. Access was by the Big River trail out of Goose-
berry Park to the Bowl Creek-Strawberry Creek trail
fork. Take the left trail (Strawberry Creek) for approxi-
mately 4.5 km to the Trail Creek trail junction. Follow
the unmaintained Trail Creek trail across Strawberry ‘
Creek and up the Trail Creek drainage to the second
gro§§ing (See 1982 Snorkel card and Gooseberry Park .
uad).

Redd counts were made from the upper forks at stream

km 22.5 down to the junction of Strawberry and Bowl
Creeks. Access was from Gooseberry cabin up the Big
River trail to the Strawberry Creek-Bowl Creek trail
junction. Bear left and proceed up the Strawberry Creek
trail to the upper meadows where an outfitters camp

was present. The upper fork is located at the upstream
end of the meadow area. = = = : o

~

Redd counts were made from the junction of Jeff Creek
down to the mouth of Trail Creek. Jeff Creek is located
approximately 1 km above the canyon section of Trail

‘Creek. Access is the same as for the snorkel section

on Trail Creek to the second crossing. Beyond this
point the unmaintained Trail Creek trail was followed
up through the canyon to the mouth of Jeff Creek.
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APPENDIX D

Equipment lists recommended for stream
electrofishing, snorkel censuses, stream-
bed monitoring, bull trout spawning surveys,
gill netting series, and plankton sampling in =
the upper Flathead Basin. t



| Electrofishing Equipment List .

Electrical eguipment

generator
variable voltage pulsator (VVP)
(or a back pack unit with both)

. 75 m-extension cord - .{bank ‘shock only} "

Blocking equipment

positive hand-held electrode
negative hand-held electrode or plate
connecting electrical cords
a) positive and negative electordes to VVP
b) VVP to generator. )
oas and oil for generator ' BETE
rubber gloves R
hip boots or waders

Fish

Two-Pass L i
7 blocking nets (12.7 mm) mesh, 30m 1ong W1th 1ead 11ne and floats

small hatchet to cut sticks on site
200m rope

tark-Recapture
> hardware cloth (12.7 mm) mesh 30m long
10 posts (4 ft. metal) '
1 post pounder
10m rebar tie wire and pliers
200m rope

data collection

2

dip nets 6.35 rm mesh
a) long handie
b) short handle
Tive car  6.35 mm mesh
3 plastic buckets (5 gallon)
measuring board (metric)
scale (metric)
data paper (rite-in-rain)
fish scale cards
knife
pencils
¢lip board
clippers (for fins and end of dangler tag threads)

anesthetic
tags (danglers, and floy, floy gun, spare floy needles)

e



Electrofishing Equipment List cont.

General physical characteristics

flow meter

top setting rod

thermometer

flow cards frite-in-rain)

meter tape (30m) ‘
direction map with narratives to site, and ranger d1str1ct man
stop watch L

[

Repairs

spare spark plugs

VVP fuses

electrical tape

Tocking plugs

pliers

wire {electrical) 2 sizes
screwdriver for flow meter
screwdriver fitting locking p]ugs
sand and oil

wire str1ppers



Equipment Needed For Completing Bull Trout Redd Surveys

Hip Boots

Pencils

Rite-in-Rain field notebook (3x5) w1th apnropr1ate coiumns ?abe]ed
Thermometer oo

Meter stick

Tape measure

Flow meter (+ beeper box)

Tap setting rod

" Flow sheets

Stop watch '

Directions and maps of survey sect1ons, USFS ranger dlstrzct maps

... Snorkel Equipment List .
snorkel B

mask

wet suit

(orange) jacket, pants, gloves, boots, hood, vest '

wet suit cement

wet suit . patching (neopreane)~_

measuring tape = -

snorkeling cards

pencils

thermometer. - Lo T AT,

flow meter ( + beeoer box) L - B T :

_top setting rod .- - : T ' . .
stop watch L : - T ' -
3 and 1 oil : '

maps with descrtpt1ons to 51tes, USFS ranger dlstr1ct map

defog IR

FTow sheets



Ll o

1

Streambed Monitoring - Field Equipment.

sediment corer (hollow core)

3 Imhoff cones

2
100
10

cup
pr.shoulder length rubber gloves (option: with wool liners)
heavy duty plastic sample bags 3.0 mi -
five galion bucket
data paper (rite-in-rain)
labels
a) outside bag with string
b} inside bag with (rite-in-rain)
pencils '
indelible pen
measuring stick {cm}
tape measure (m}
rebar
spray paint
maps of sample site locations, narratives and drainage mabp,
ranger district map
clip board
packs with frame
hip boots

Streambéd Monitoring - Laboratory Equipment

LY

shelf homemade dryer (Honeywell and G.E. controlled)
24" (6lcm) square sample trays
Gilson screen Company - Ro-Tap testing Sieve Shaker {Model B)
12" (30.5cm) square lab pans
brass brush
wire brush
bristle brushs (4" paint brush and round paint brush)
16-penny galvanized nail
Mettler P11N class D balance and pan
Homemade 3" (76.1 mm) and 2 inch (50.8 mm) squares
Sieves ( of the following mesh sizes)
76.1 mm
50, mm
16.0 mm
6.35 mm
2.0 mm (#10)
L063 mm {#230)
pan '



- Gi11 Netting Equipment List

Netting gear

standard (1. 83m X 3. 1 m) f]oatang 9111 nets _
standard (1.83 m X 38.1 m) sanklng 0113 nets
large net tubs L
16 foot boat with 40 HP outboard motor D
2 pr.rubber gloves - -~ .

2 pr chest waders S
: -data paper -- -°
Honda Si-Tex model HE 256
rope T mnb e mnes
sash weights REE S
buckets CRIEG SR RAED
pencils I

-1

- OY O

Fish working gear

1 measuring board (metric) 1 knife
1 scale (gram) + scale (10.0 1b.) o pencils>
10 buckets - data paper

scale envelopes

Limnologic

1 Applied Research FT3 hydrographic thermometer
1 20 cm diameter secchi disk

both on lines
) graduated at
. — 0.5 m intervals




Field

Laboratory

2 N

e

Plankton Sampling Equipment List’

0.5 m diameter metered Wisconsin net

1.0 m long filtering cone of 80 micron N1tex netting

2 kg. lead weight

sampling bucket

General Oceanics Model 2030 flow. meter :
(with a Tow speed rotor modified to prevent back -spinning
during descent)

16 foot boat equipped with ‘40HP outboard and snatch block
(be sure ocars are . onboard)

sample bottles

Plankton preservative ~Recipe:

74% distilled water
15% methyl alcohol
10% formalin

1% acetic acid’

data paper, pencils
rubber glove

stop watch -

rope

Plankton preservative

Hensen-Stempel pipette

Sedgewick-Rafter cells

Either 40X binocular compount OR 45X dissecting microscope
with graduated mechanical stage

Microscope light

Data paper, pencils

5 unit mechanical digital counter

watch glasses



APPENDIX E

Examples of data forms recommended for
use in long term monitoring of the fish
resource in the upper Flathead Basin.



ELECTROFISHING SHEET

Page - of __ Creek name
Date Section location
: Mo.  Day Year Section ¥ength
Water temp. @ time Widths a £
Type fishing run b g
. 1st Pass la o c h
N 2nd pass  1b “d oy
recapture 2 o ——— L
?Mark code (unmarked = 0, marked = 1 N
Flow Units of measure (English or metric)
e e e IR ' Tag Mark = j'n‘.‘Tag Mark
No. Species Ln wt Tag# type code No. Spec1es Ln Wt Tag# type code
2 25
i.é__, 2%
4 27
£ ) 28
¢ 29 . x
7 30
g" 31 .
[} 32
10 33
11 34
12 35
13 36
14 37
15 38
16 39
17 40
18 41
19 42
20 43
21 44
22 45
23 46

Form FMD-A 1-



Form FMD-B Underwater fish census field data form. Comments can be written
on the back of the form. Stream character refers to stream feature
(pool, riffle, run or pocketwater). Codes are: L = length of
feature (m), W = width of feature (m), C = percent instream cover
(%), and D = average water depth of habitat feature (cm).

DNpERAATYR FISE CERSUS
Strems Code Mot Date / /
Timn Veather Station _,. Beach Mr __ % water__ ®c
Covrsenits locat’on: T____R__ 8 T8 Photo Kor Obw -
Bilress
Charspter Ares Pieh Numberv
Whito Rain
Cutthroat Dolly Yarden - fiah ~ bow Gther
L v [V o 1. .11 T1ITs nﬂ7o -1 31 IIls Hl <6 > »6 -
L = Tength of habitat unit
W = width of habitat unit
C = 9 cover of habitat unit (Please define cover type on the back.)
N = water depth (average for habitat unit)



form T¥MD-C  Scale cnvelope for field collection of fish scale samples.
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STREAMBED COMPOSITION FIELD DATA

Creek , Water Code

Date

Suspended Tare (m1/1)

Visual estimate (9

O
ot

[w el L] fop] Qo - o
@) o 3 1] e I

5 g 2 * BS

Depth  Sediment Distance .o .. —~ ®© 2 ©v 3

e s el e . - m f4+) wd - s
: in -in cone to left = LB o

Transect Core Class core (m1/1) rebar o
-5
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BULL TROUT REDD SURVEY

Creek Water Code
Sectfon Water temperature
Date Discharge
Pace Length : Strveyor
Pace Redd Certainty Water
Number Number class depth . landmarks
Form FMD-G



APPENDIX F

Table of computer program and data file names, |
location of programs and data files and function

of these programs and files.

LY



= .COMPUTER . PROGRAMS

File Name _Purpose. . " lLoeation
MSUSTAT General package of statistical programs . CP6-INTERALMEMORY
5PSS . Same L o _ Same ...
IDPHABDICT Defines data locations in HABITATL CP6-TAPE 955
RETUkﬂLM_' ‘Sdmmarizéﬁ'ﬁég‘féfufn" - Samei“;;
AGESUM - Age-growth summary = CP6-ACCT.NFIBMO4
MONASK Age-gfbwth ana1ysis"f o Same = '
FIREI Same - ' Same
AGEMAT “Same Same
ONTAPE Transfers files to TAPE CP6-NFIBMOS
OFFTAPE Transfers files from TAPE to ACCOUNT Same R .
HABFST Enters habitat transect data ICIS-Kalispell
FSSED Streambed composition summary Same '
SUMMAR Summarizes habitat transect data Same



Computer data files on 1ine on the CP6 computer in Bozeman.

through the Kalispell terminal, MDFWP.

A1l can be accessed

File Name Purpose Location
TOTALCUTTS A11 cutthroat age-growth CP6-TAPE

. TOTALBULLS A1l bull trout age-growth "o~ 855
SEDF81 Streambed composition Fall 19€1 "
SEDS82 Streambed composition Spring 1982. N
SEDFR2 © Streambed composition Fall 1882 =~ "
HABITATL - Contains all interagency habitat data "
FLDAZ Tag return data to 1981 S N
NEWTAG Tag return data 1981-1982 CP6-NFIBMOS



APPENDIX G

Table and maps showing exact Tocations of bull trout
redd survey sections and streambed monitoring sites
recommended for long-term monitoring in the upper
Flathead Basin. -t



Table 1.

Survey .sections for bull trout redd inventories to be conducted

as part of a long term fish resource monitoring program.

. Drainage - Stream

. Lower Boundary

Morth Fork
Big Creek
Coai Creek
Whale Creek

Tra{l Creek

tiddle Fork
Ole Creek
Morr{son Creek
Lodgepaie Creek
Gféh?fe'Creek
Schafer Creek

Dolly Varden
Creek

Trail Creek

" Strawberry Creek

Upper Boundary

Mouth of Skookoleel Creek

Mouth of South Fork Coal

Mouth of Shorty Creek

" Bottom of rock wall canyon

Fielding-traiT crossing
b]d trail crossing
Mouth of Whistler Creek
Lower end of dry ééétidn

Lower end of dry section

Barrier Falls
Junction with Jeff Creek

Uppermost fork

500 m below Skooko--

" Jeel Road Bridge

Cyclone Lake Road cut-
off. Creek by road.
Hba]e Buttes bridge

Cleft Creek trai
crqssing '

Upstream end of

canyon

Third crossing below
new trailhead

Junction with Morrison:

T Creek -

Junction of second or-
der tributary at km 4.2
Junctioh with Middle
Fork

. Schafer Creek trail

crossing
Junction with Strawberry

Creek
Junction with Bowl

Creek




Table 2. Core sample site locations.and distances between rebar stakes on
. each transect sampled for ‘long-term monitoring. Distance in meters
from the left rebar {looking downstream).

Transect Right

Creek Number 1 2 3 4 rebar
Whale 1 4.8 5.8 8.1 11.1 18.9
A 2 5.2 16.8 11.8 13.5 18.3
3 3.7 6.3 7.7 8.8 22.5

Coal 4 9.4 10.6 11.7 13.1 15.8
' 5 9.0 10.9 12.4 13.3 15.3

6 8.4 g.3 10.8 12.4 15.0

7 6.2 8.2 18.8 12.6 20.4

8 6.4 7.9 10.1 11.5 20.7

Big 9 9.2 10.2 11.2 12.1 18.9
10 5.5 6.4 7.3 8.4 14.1

11 4.2 6.3 8.5 10.5 21.4

Trail 12 5.1 7.4 8.3 13.6 15.9
: 13 5.8 7.1 9.8 12.1 18.4

14 7.5 9.7 11.8 15.6 19.9

-15 2.3 3.4 8.9 10.7 18.9

16 2.0 3.5 9.2 10.1 18.0
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Figure 1. Map of Skookoleel Creek Road Bridge Sampling Area of Big Creek
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APPENDIX H

Egg develoﬁment scale.



EGG DEVELQPMERTJSCALE
(developed by De1ano.Hahzei)
This scale was established as a method to define the gonad development of

éggs by measuring their relative size. A reference collection is available
from the Montana Department of Fish, Wildlife and Parks, Regional Headquarters,

Kalispell.

1. The ovary is distinguishable from testis by granuTar texture of the gonad.
The size of the ovary generally is between 2 to 4 mm wide and 30-40 mm
long. The individual egg cell cannot be seen by the naked eye. Color of
gonad is orange compared to the red testis material.

2. Individual egg cells still cannot be seen'by-fhe naked eye. OVary has in-
creased in width and length; generally 4-8 mm wide and 50-60 mm Tong.

3. The individual eqg cells can be seen by the naked eye. Egg diameters

measure less than 1 mm. The size of this ovary ranges from 4-8 mm wide
to 60-70 mm long. '

4, Individual egg cells still measure less than 1 mm but the width has in-
creased to 10 mm.

5. Egg diameter reaches 1 mm, with the size of the ovary measuring 10-15 mm
wide and 70-90 mm long. : _

6. Egg diameter 1 mm or slightly larger.
7. Egg diameter more than 1 mm but less than 2 mm.

8. Egg diameter 2 mﬁ.

10. Etgg diameter more than 2 mm but less than 3 mm.
7 11. Egg diameter 3 mm.
12. Egg diameter 4 mm.
13. Egg diameter 5 mm.
14. Egg diameter 6 mm.
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