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- ABSTRACT

Bull trout (Salvelinus confluentus) are native to many tributaries of the -
Snake River in southeast Washington. The Washington Department of
Wildlife (WDW) and the American Fisheries Society (AFS)’ have identified
bull trout as :a species of special concern which means that they may
become threatened or endangered by relatively. minor disturbances to their
habitat (Williams et al. 1989).

Steelhead trout/rainbow trout’ (Oncorhynchus mykiss) and spring chinook
salmon (0. tshawytséha) are also native to several tributaries of the ‘Snake
River in southeast Washington. These species of migratory fishes are
depressed, partially due to the construction of several dams on the lower
Snake River. In response to decreased run size, large hatchery programs
were initiated to produce ‘juvenile steelhead and salmon to supplement
repressed tributary stocks, a practice known as supplementationi

There is a concern that supplementing streams with. artificially high
numbers of steelhead and salmon-‘may have an impact on' resident bull trout
in these streams. Historically, these three - species of fish existed
together In ‘large numbers, however, the amount of high-quafity habitat
necessary for reproduction and rearing has been severely reduced in recent
years, as compared to historic amounts.

The findings of the first year of a two year study aimed at identifying
species interactions in southeast \Washington streams are presented in
this report. Data was collected to assess population dynamics; habitat
utilization and preference, feeding habits, ‘fish movement and migration,
age, condition, growth, and the spawning requirements of bull trout in’ each
of four streams. A comparison of the indices was then made between the
study streams to determine if bull trout differ in the presence of the
putative competitor species.

Bull trout populations were highest in the Tucannon River (supplemented
stream), followed by Mill Creek (unsupplemented stream).

Young of the year bull trout utilized riffle and cascade habitat the most in
all four streams. Juvenile bull trout utilized scour pool and run habitat
the most in all four streams. YOY bull trout preferred plunge pool and
scour pool habitat, as did juvenile bull trout in all four streams. These
data show that while in the presence of the putative competitors, bull
trout prefer the same habitat as in the absence of the putative

competitors.

Juvenile bull trout preferred mayflies and stoneflies in Mill Creek, while
in the presence of the competitor species they preferred caddisflies,




stoneflies, and Oligochaeta. It is felt .that this difference is due to the
differences in food items available and not species interactions: bull trout
consyme what is present.

Adult bull trout w&e difficult to capture, and ‘therefore it was difficult to
determine the migratory habits in the Tugcannon River. It is recommended
that, futura studies use radio telemetry to determine the. mngmtory habitat
of these fish.

The .age, condition, and growth rates of bull trout differed only: minimally
between - streams, |nd|cat|ng that if competitive interactions are occurring
between these species it is not reflected by:

1) The length at age of bull trout;
2) The length-weight relationship of bull trout;. or
3) The rate of growth- of bull treut.

The spawning habits of bull trout and spring- chinook salmon: are: similar in
the Tucannan River, however it was found that they spawn in different
river locations. The salmon .spawn below fiver kilometer 83, while 82% of
bull trout spawn above that point. The peak of spawning for saimon
occurred 10 -days before the peak of bull trout spawning, indicating that-.
very little competition for spawning locations occurs between these
species in the Tucannon River.

Future species interactions study recommendations include, tha use of
electrafishing to enumerate bull trout -populations, snorkeling to |dent|fy
micro-habitat utilization, seasonal _diet analysis, and radio transmitters
to ldentlfy seasonal migration patterns of byl trout. P
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7 .0 INTRODUCTION

Bull trout {Salvelinus confluentus) are native to many tributaries of the
Snake River in southeast Washington. The Washington Department of
Wildlife (WDW) and the American Fisheries Society (AFS) have identified
bull trout as a species of special concern which means that they may
become threatened or endangered by relatively minor disturbances to their
habitat (Williams et al. 1989)

The bull trout is currently being considered for possible addition to the List
of Endangered and Threatened Wildlife under the Endangered Species Act of
1973. Bull trout are now listed by the U.S. Fish and Wildlife Service as a
Category 2 Specigs. Category 2 listing means that more biological. research
and study is needed to determine the bull trout’s status {USDt 1989).

Steelhead trout/rainbow trout (Oncorhynchus mykiss) and spring chinook
salmon {Oncorhynchus tshawytscha) are also native to several tributaries of
the Snake River in southeast Washington. These species of migratory fishes
have been extirpated,, partially due to the construction of several dams on
the lower Snake River.

In 1980 the United States Congress created the Northwest Power Planning
Council to construct and initiate a recovery plan to recover the losses of
these fish. NPPC set & goal to double the existing number of adult
steelhead trout and salmon returning into the Columbia River and.it's
tributaries (Sheets 1984). Large hatchery programs were initiated to
produce juvenile steelhead and salmon to supplement repressed tributaty
stocks.

There is -a concern that supplementing streams with artificially high numbers
of steelhead and salmon may have an impact on resident bull. trout in these
streams. Historically, these three species of fish existed together in streams
in large numbers, however, the amount of high-quality habitat necessary for
reproduction and rearing has been severly reduced in recent years, as
compared to historic amounts. These reductions can be attributed to timber
removal, agriculture, cattle grazing, and recreational activities of man.

The concern arises about supplementing the current amount of habitat with
the historically large numbers of fish that were produced in these streams:

If the NPPC is to supplement the current habitat with enough juveniles to
double the aduit run size, the carrying capacity of the current habitat may be
greatly exceded.




The final question is:

Does supplementation, at current levels, have an impact on native bult
trout populations in southeast Washington streams, and if not, at
what level of supplementation will an impact be seen?

1.1 STUDY GOAL

The goal of this study is to determine if supplementation of stream stocks of
steelhead: trout and spring chinook- salron in southeast Washlngton 5
having a negative |mpact on native bull trout. =

W-e investigatqd buII trout and the anadromous species in four streams of
southeast Washington. The four streams and ths species status were:

1) " Control stream in which bull trout are the only species of interest
present; :

2) Bull trout are present and steelhead trout are supplemented;

3) Bull trout are present and it is supplemented with steethead trout and
“gphing chinook salmon; and,

[

4) Bull trout are present and the two anadromous apuciu are not
supplemented but reproduce naturally.

The objectives of thia study ‘Ware:to:

1) Collect information on population dynamics, habitat use and
preferance, diet, age, condition, growth, and spawning uquiremonts
of bull trout. and,

2) Make compamons of the above "indicies” omong atudy streams and
report shifts, similarities, and differences.

7.2 STUDY STREAM DESCRIPTIONS
The four study streams were (Figure 1.2.1.):

1) Mill Creek, an unsupplemented pristine tributary- to the Walla Walle' -
River was used to describe the habitat and food preferences of bull
trout without the effects of artificially high densities of hatchery-origin
trout or salmon. Mill Creek serves as the watershed for the city of
Walla Walla and human entrance into the watershed has been




2)

3)

4)

prohibited since the early 1900's. Anadromous fish passage past the
water intake dam (RK 22.2) was blocked until 1985, when an adult
fish ladder was installed. In this study, Mill Creek refers to that
portion of the river above the city of Walla Walla water intake dam. *

Aaotin Creek, which currently supports a remnant population of native
spring chinook salmon and a population of wild steelhead. Asotin
Creek was supplemented with 33,000 hatehery steelhead smoits
annually from 1983 until 1985, but is currently not supplemented
(Schuck personal communication). Aaotin Creek was chosen because

it supports a population of bull trout, and populations of steelhead

trout and spring chinook salmon that reproduce naturally.

Wolf Fork, a tributary to the Touchet River,, which flows into the
Walla Walla River, receives annual supplementation of 150,000
hatchery steelhead smolts. The Wolf Fork was chosen because it
only has bull trout and steelhead trout. Therefore it represents a
scenerio of moderate species interaction.

Tucannon River, which is annually supplemented with chinook
salmon and steethead trout: 150,000 and 160,000 respectively. The
Tucannen River was'chosen because it supports a population of bull
trout dnd is supplemented with both species of interest. Species
interaction may be high in this stream.
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1.3 LOWER SNAKE RIVER COMPENSATION PLAN

In 1976 Congress authorized the Lower Snake River Compensation Plan as
partial mitigation for the loss of Tucannon River spring chinook salmon and
steethead: trout, as well as Snake River fall chinook salimon, and Touchet
River steelhead trout. -Mitigation levels were set at 1,152 adult spring
chinook salmon and 1,000 adult steelhead trout into the Tucannon River.
One thousand five hundred and fifty steelhead trout into the Walla River
(675 Touchet River), and 19,300 adult fall chinook salmon into the Snake
River. This mitigation serves as partial compensation for the loss of several
million salmon and steelhead, returning into subbasins of the Snake River,
caused by 4 lower Snake River-dams: Ice Harbor, Lower Monumental, Little
Goose, and Lower Granite.

In 1980 Congress adopted the Northwest Power Act. This Act was
developed principally in response to the regions electrical energy crisis. This
legisiation created the Northwest Power Planning Council (NPPC) and
charged it with balancing. the neead.for power with fish and wildlife. The Act
structured the Coungil.as an interstate compact - composed of two members
appointed by each ofthe governors of the four northwest states. In this
way, Congress gave the states a central role in development of. the regions
planning priorities. NPPC was authorized to develop the Columbia River
Basin Fish and Wildlife Program. In the 1987 program, NPPC set:an interim
goal of doubling the number of salmon and steelhead returning to the
Columbia River, annually (Sheets 1984).

After 8 years of, program operation steelhead run size into supplemented
streams is currently greater than program goats while only limited success
has been achieved with spring chinook salmon. It is not my objective to
critically review tha programs, it i8 however, my concern that :
supplementation may behaving a negative impact on naturally produced
salmon, steethead, and non-anadromoua trout in the basin.




1.4 FISHERIES MANAGEMENT OF EACH OF THE STUDY STREAMS

1) Mill Creak, which produces no anadromous species; anadromoua fish
passage past the water intake dam (RK 22.2) was blocked until 1985,
when an adult fish ladder was installed. Sp#ciss present include bull
trout, steelhead trout, whitefish (Prosopium williamsoni, river lamprey
(Lampetra ayresi and sculpin (Cottus sp.).

2) Asotin Creek, which currently supports 8 temhant population of native
spring chinook salmon and a small population of wild steslhead. Asotin
Creek was supplemented with 33,080 hatchery steelhead smoits '
annualty from 1983 untit 1985, but is currently not supplemented
(Schuck personal communication). Asotin Creek may be supplemented
with spring chinook salmon in future years but is currently not
supplemented (Bugert personal communication). Harvest of adult

steelhead is prohibited. However, anglers may harvest 2 rainbow-trout
over 30 cm (12 inches) long on the SoutivFork and in the North.Fork
above RK 19.2. Harvest of resident trout below the South Fork and-RK'
19.2 on the North Fork is timited to 8 trout. Species present include
rainbow trout, spring chinook salmon, bull trout, steelhead trout,
whitefish; river lamprey, sculpin, long nose dace (Rhinichthus - -
cataractae), bridgelip sucker (Catostomus columbisnus), and redside
‘shiner (Richardsonius baiteatus) (Bugert et al, 1988).

3) Wolf Fork, a tributary to the Touchet River, which: fiows into the Walla
Walla River, receives annual supplementation of 150,000 hatchery
steeihead smoits. These smoits are releasad in the Touchet River below
the confluence of the Wolf Fork and Touchet River (Sc¢huck et a.- 1988).

It is estimated that about 20% (9.9% to 32.8%) of tha steslhead smoits
planted into-the Touchet River residualize and a majority of those fish -
migrate into the Wolf Fork where they remain for 1 or more years: {Viola
et al. 1980). Also, thirteen thousand brown trout(Saimo trutts) are
currently planted into the Touchet River above Waitsburg, Washington
(RK 68.8) for a put-take fishery. A large percentage of the brown trout
that are planted into the Touchet River are either harvested by sport
anglers or move into the Wolf Fork River where they rear and spawn
(Schuck personal communitadon, 1980). Chinook have bean extinct
since the early 1900's (Bugert, WDF personal communicadon, 1990) but
the river has been recognized as a potential [ocation for reintroduction of
spring chinook salmon if water flow problems could be corrected. The
harvest of adult steelhead trout from the Touchet River is restricted to
fish over 51 cm (20 inches) in length and of hatchery origin (adipose fin
clip). Harvest of rainbow, brown, and bull trout in this river below the
Wolf Fork Creek {RK 94.4) is limited to 8 fish daily. Harvest of these fish
in the Wolf Fork, South Fork and in the North Fork above its confluence




with the Wolf Fork Is limited to a daily bag limit-of 2 fish over 30 cm (12
inches) in length.  Species present in this river include rainbow trout,
bull trout, steelhead trout, brown trout, whitefish, river lamprey, sculpin,
longnose dace, bridgelip sucker, northern squawfish (Ptychocheilus
oregonensis), and redside shiner.

4) Tucannon River, which is annually supplemented with chinook
salmon and steeihead trout; 150,000 and 160,000 respectively. The
harvest of adult steelhead trout from the Tucannon River is restricted tp
fish over 81 cm (20 inches) in length and of hatchery origin. Harvest of
whitefish, rainbow, brown, and bull trout below the Little Tucannon River
(RK 69.9) is limited to 8 fish daily. Harvest of whitefish, rainbow trout,
brown trout, and bull trout in the Tucannon River above its confluence
with the Little Tucannon River is limited to 2, fish over 30 cm (12 inches)
in length. Harvest is prohibited in all tributaries to the Tucannon River.
Species present include rainbow trout, spring chinook salmon, bull trout,
steelhead trout, whitefish, river lamprey, sculpin, longnose dace,
speckled dace, northern squawfish, and paemouth (Mylocheilys
caurinus) (Bugert et al.- 3 989).




2.0 MATERIALS AND METHODS

The goal of this study was to determine if supplementation of stream stocks
of steelhead trout ‘and spring chinook salmon in southeast Washingtén is
having a negative impact on native bull trout.

To determine if there was an impact we collected information on population
dynamics, ‘habitat us8 and preference, diet , age, condition, growth, and
spawning requirements of bull trout. We then made comparisons of the
collected data between the contfol stream and the supplemented streams.

2.1 MATHEMATICAL IDENTIFICATION OF BULL TROUT

To be certain that we were dealing with bull trout, Haas's 1988
mathematical unweighted linear discriminant function was used to identify
the orgamism. This formula differentiates bull trout and Dolty Varddn
(Salvelinus maima). This was important knowledge because Dolly Varden
are mainly anadromous and much is known about their biology, while bull
trout are strictly fluvial and little is known about their biciégy. Haas's
mathematical formula is based on several meristic counts made on bull trout
while in the field. The formula and methods for its use are reported in
Appendix A.

‘2.2 HABITAT MEASUREMENTS

Habitat measurements were made of each stream to establish physical
stream similarities and/or differences. This was important because fish
populations, habitat use and preference, as well as condition, growth, and
spawning requirement data may vary between stream, not because of
species interactions but because the streams differ physically.

The habitat evaluation process began by obtaining U.S. Geological Survey
Quadrangle maps (7.5 minute series) of the study area and measuring the
study reach length of each stream. The study reach of each stream was
determined by requesting Information from area fisheries biologists about the
distribution of bull trout in each stream. This Information was confirmed by
spot electrofishing each stream near the speculated downstream boundry.
The study reach was then determined baaed on the presence of these fish in
each river.

The study reach was then divided into six smaller reaches. A 100 meter.
reach of stream was then chosen randomly within each of the 6 smalier
reaches and marked by attaching a tin plague to a tree adjacent to both the
upstream and downstream end of the 100 meter segment (See figure 2.2.1.
for an over-view of the study area and streams, see figures 2.2.2 through




225 for the study reach of each stream and habitat inventory segment
location).

There appeared to be no widely accepted set of habitat definitions for small
streams. Although riffles and pools are the basic units of channel
morphology and will always develop in natural streams, however the actual
configuration and hydraulic properties of these units are highly variable
(Yang 1971). There are 12 different habitat types described in Bison
(1981), as defined in the Glossary of Geology (Gary et al. 1974). After
observation of each of the study reaches of each stream we determined that
only 5 of the 12 habitat types described were encountered frequently
enough in the study streams to warrant analysis.
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Figure 2.2.2. Relative abundance, habitat inventory, and fish population site
location In Mill Creek, 199%.
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Figure 2.2.3. Relative-sbundance, habitat inventory, and fish population:site
location in the Wolf Fork; 1991.
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The five frequently encountered habitat types were 1) low gradient riffle, 2)
cascade, 3) plunge pool, 4) seour pool, and 5) run. The scour pool category
included lateral scour poois-and trench pools.

The following information was collected at each segment:

1) Stream name;

2) date;

3) samplers;

4) stream temperature;

5) air temperature;

6) wetted width at 3@ meter intervals;

7) bankful width at 30 meter intervals;

8) floodplain debris at 30 meter intervals;

9) gradient at 30 meter foot intervals: and

10) discharge (cubic feet and cubic meters per second).

As we progressad upstream through the segment the following was
measured-and recorded for each individual habitat unit encountered:

1) Unit type (plunge pool, scour pool, run, riffle, cascade, or run):
2) width;
3) Length;
4) Depth;
5) Substrate composition which was divided into the following size classess:
a) organic/silt < 1/8 “ diameter
b) small gravel 1/8 - 1/2" diameter
c) large gravel 1/2 -2 1/2 “ diameter
d) cobble 2 1/2 - 10"diameter
e) boulder > 10"diameter
f) bedrock;

6) overhead cover, expressed as a percent of the unit covered;

7) substrate embeddness, measured as a percentage of the surface area of
boulders, -cobble or gravel covered by fines (send or silt); and, s

8) instream cover type (woody debris, boulder, undercut bank, or
turbulence) and the percent of the unit that each of the instream cover

types comprised.

Low gradient riffles were shallow (< 20 cm) stream reaches with moderate
current velocity {20 - 50 cmy/sec) and moderate turbulence. Cascades
consisted of a series of small steps of alternating small waterfalls and
shallow pools. Plunge pools occurred where the stream passed over a
complete or nearly complete channel obstruction and dropped vertically into
the streambed below, scouring out a depression. This pool type was often
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deep and possessed a complex flow pattern: radiating from the point of

water entry. Scour pools differed from plunge pools in that the Row was
directed to one side of the stream ‘by a partial channel obstruction. Often an-
undercut bank was associated with this pool type. Runs were characterized
by moderately shallow water with. an-even flow that lacked turbulence.

Runs had low gradient and no major flow obstructions {Bisson et al. 1981).

Gradient was determined by positioning an observer at a fixed location in :
the center of the stream. A second person walked 50 feet upstream and
held a stadia rod. The observer then looked through a hand level and the
level of the observer’s eye was noted on the stadia rod. The observer
rotated his head to the down stream direction, being carefat notto change
eye elevation. The second person then ‘walked down stream 5Q.feet and
the method was repeated. Gradient was determined to be the difference in
height on the stadia rod divided by 100 feet.

Floodplain debris was reported as any permanent debris located in the
floodplain that could be utilized by fish in the presence of high straam flow.

It was recorded as a percentage of the flabdplain covered with debris at the -
transect.

Discharge was determined at each segment that was inventoried. Discharge .
was determine by the method described in Section 2.16 Stream Flow Data.
This data was entered into an 1BM comipatible computer using Quattro. Pro
spreadsheet software. The following was then détermined for each. stream
by habitat type: -

1) total are8 by habitat type;

2) average and maximum depth: A

3) substrate composition:

4) the amount of instream cover available; and

5) the amount of overhoad covet
All pOSS|bIe combinauons of habitat typos with their respectivn iasmn
cover was analyzed. For instance, we determined the total amount of run
habitat avaitable in the study reach. \We then determined the proportion of
the total run habitat that had each instream cover type presenmti e. 20% of
the run had undercut banks). Because each electrofishing site was a simple
habitat type with multiple instream cover types present, it wés nacessary to
know the percentage of instream cover for each habitat type in the stream.
This allowed for the comparison.of electrofishing site habitat type and
corresponding instream:cover with the total available.
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2.3 POPULATION ESTIMATES

Fish population of each species was determined for each site surveyed using
the depletion method for pepulation estimation of saimonids (Zippen 1958)
and analyzed using the:Burnham Maximum. Likelihood method {VanDeventer
and .Platts 1883). The computer program FPSP-AL {Microfish), was utilized
to determine the population estimate, variance, standard error,. and the
upper and lower confidence intervals. This computer program model uses
the successive depletion of catch sizes to estimate the actual population
size by determining: the likelihood of possible population sizes greater or
equal to the total catch. The population size with the highest likelihood is
considered the best estimate of the actual population size.

The population estimate and confidence intervals were converted into
density values (fish/l 00m2) for each site by dividing 100 by-the area
sampled and multiplying by the population estimate. The confidence
intervails were aiso converted in- the same manner. By multiplying the fish.
density {fish/100m2) for each habitat type by the total area of that habitat
type, the standing crop of fish for eaeh of the habitat types surveyed was
determined. The total population estimate of fish { + /- C.L.) for each habitat
type was summed with the population estimate for all habitat types to yleld
8 grand total esﬁrﬁato of the number of fish in each stream.

Total fish popuhmn estimates were determined by muitiplying the average
fish density foreach habitat type by the amount of that habitat available in-
the study: reach-of asch stream. Thess values were then added together:to
obtain-a total population for the study reach of each strgam.

Bull mmmma trout populations were estimated in uch of-the
four.study. streams. Spring chinook saimon. populations were egtimated in .
the. Tucannan River and Asotin Creck when encountered. Density.values for
each species:of fish were determined using the depletion methed for.. -~ -
population estimation of salmonids (Zippen 1968) and analyzed using the -
Bumham Maximum-Likelihood method (Van Deventer and Platts 1983).

Population sites were located between the lowest point in each river and the
highest point in:each river-(study reach), that contained bull trout, steethead-
trout, and/or spring chinook salmon. Sites were evenly distributed within
the study reach and included all five habitat types (plunge paol, scour pod,
run, riffle, and cascade) that were analyzed in, the Habitat inventory. Section
of this report. Site location in each stream is shawn in Figures 2.2.2
through. 2.2.4. Sites. were grouped into numbers of five (6 habitat types)-
and replicated four time8 thwoughout the study reach (tote! of 20 sites). Site
number one was always located farthest upstream and site number 20 was -
always the farthest downstream site.
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Fish collection and site habitat measurement procedures followed 5 steps:
1) the habitat site was blocked with nets and electrofished until a 70%
reduction of the former pass was achieved; 2) fish ‘were:anesthetized,
enumerated, weighed to ‘the nearest 0.1 grams, and measured to the -
nearest millimeter; 3) site surface area was measured from one parallel and
three perpendicular transects of the site: 4) measurements wers: colioctad
along each transect for sits volume: computation; and, 5) the tvpe end
amount Of instream and streambank cover was measured. :

These instream end terrestrial cover measurements were made consistent”
with the méthods used in section 2.2 - Habitat Measurements. This data
was necessary to construct habitat preference curves, as described in *
Section 2.65- Habitat Utilization and Preference Analysis.

!

2.4 RELATIVE ABUNDANCE

Relative abundance information was collected by electrofishing a:reach of*
each gtréam during stomach collection in the month of August {reach . - .
location is shown on maps of each Of the study streams, Figuru 2 2.2. -

through 2.2.5).

Fish relative abundance was determined by using & Smith-Root Model 11-A
backpack Electrofisher. Sampling consisted of one person doing the
shocking and orie person netting the fish. The “netter” carried @ bucket: ln
which the fish thiat were collected were placed for fater enumeration and = !
measurements. “All fish of each species encountered were captured-and: -
enumerated. The raach selected in cach stream was approximately two- -
thirds the distance from the upper most to the lower most portion of the
streany that ¢omtained bull trout. As & result of intentional resciviocation, '
some- of the-population survey sites ‘Were located upstream of wrdum ot
abundance'sités on each stream (Figure 2.2.2 through 2.2.5.). :'This slowed'
for the relative abundance data to be related directly to the auammw "3
stream that the sttidy was conducted in. *

2.5 HABITAT UTILIZATION AND PREFERENCE

Habitat preference data wers constructed for the macrohlbitat tvpu (rumy, o
riffle, scour'pool, plunge pool, end cascade) for each life stage-oteach .
evaluation species. The macrohabitat-preference information is presented as
a bar graph with the maést preferred habitat assigned 8 value of one. This
technique assumes that individuals of a species will select areas Of the
stre@tn contdining the most favorable combination of habitat varisbies (l.e.;’
depth, substrate, instream cover, and overhead cover) and will utilize areas
with less favbrable conditions with decreasing frequency (Barber 1988).
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In order to establish habitat preferences the quantity of available habitat and
the corresponding fish utilization was determined. The physcial stream
habitat was measured, as stated in section 2.2. Habitat Measurement, while
the corresponding fish utilization was determined, as stated in section 2.3
Population Estimates.

After completing the habitat .measurements, the relative proportion each unit
was of the total area was determined For instance, run type habitat made
up 20% of the total area in 8 stream. We then determined fish densities by
age class for each of the habitat types measured. By dividing percent use
(% density for each life stage) by the percent availability 8 preference ratio
for each age class for each habitat type was determined. The ratios were
then normalized by dividing the preference ratios by the highestsatio, in
order to set the highest ratio equal to one. All other preference values were
then lees then one. By doing this, the highast preferred habitat type was
determined and all other types were preferred by some value less than one.

2.6 FOOD AVAILABILITY

Three benthic macroinvertebrate samples were collected from each stream in
July at the same time 83 stomach collection. Macroinvertebrate samples
were collected from each stream in the area of highest overlap between the
study species of interest, as-determined by. electrofishing surveys. The
samples were collected from riffles at 1/4, 1/2, and 3/4 the distance across
the riffle. The samples were collected uging a modified Hess-Waters
sampler (Hess 1941; Waters and Knapp [-961 ) with an aperature area of

0.1 m2 and 390 um mesh size. - Wp:collected. samples by pushing the
sampler 10 ¢em into the'substrate end disturbing the area within the sampler
to 8 depth of 8 to 10 cm, (Hynes 1970; Williams and Hynes 1974).
Orgsnisms within the sampler were displaced from rocks with a brush; the
rocks were then removed. o

Drift samples were not collected as it is welt documerted that bull trout feed
primarily on fish' and benthic organisms (McPhail and Murray 1 979; Pratt
1984; Armstrong and Morraw:1.980). Steelhead trout and spring chinook
salmon, as reported in the literature {Bugert 1989), feed on drifting as well
as terrestrial invertebrates. The objective of the diet analysis and food
production portion of this study was to determine competition between the.
specks, therefore, those organisms common to only one species’ diet would
provide no diet overlap informatien. and were not evaluated.

Benthic organisms were preserved in 10 percent formalin and later
transferred to 70 percent alcohol. Each sample was divided into eight equal
portions using a sub-sampier. The organisms were sorted and identified to
family using keys set by Merritt and Cummins (1984) and Pennak {1979).
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Each family sample was dried in-an oven at 106°C. for 24 hours then -
weighed to 0.0001 grams, using a Mettier H-B baiance, to obtain-dry wught
(Weber 1973).

Once the number and weight of each family of invertebrate wae datam\ined a
the densities per 0.1 m2 were determined. The relative abundance of each
invertebrate family was then calculdted. These data were combined with
the numerical percentage obtained from the stomach analysis to determine 8
linear index of benthic food selection {Strauss 19789).

2.7 FEEDING HABITS

Due to a potential listing of Snake River spring chinook salmon on the"
Endangered Species List, no juvenile spring chinook salmon stomachs Weré
collected; - We used existing 1988 and" 1989 spring chinook salmon diet
information in the Tucannon River collected by WPF. In those studies WDF
determined the frequency of occurrence, weight and number, index of
relative importance,and eiecdvity index, for juvenile spring chihook salmon
in the Tucannon Rlver

2.7.1 HELD DATA COLLECTION FOR DIET ANALYSIS

Bull trout and steelhead trout weére colllctod usng a Smith-Root MOdOl 1 1-k
backpack electrofisher: Fish weré medsured to the nearest millimeter using
8 metric measuting bosrd. Ten samples of-each species wers collected
from aach strsem during the 4th week of July and again in the 6th week of
August. Duéto'the possible listihg of bull-trout as threatened.or -
endangered in Washington St#te, sample size was limited to 10 fish per
month; 20 fish-sacrificed in each stréam for the study. Samples wers:
collected from each stream In an aréa of highest species overfep cs
determined by electrofishing. Diet fluctuations due to age {i.e:; size}).were .
accounted for by sampling all age classess. Stomach lavage techniques
were tried on thres adiitt bull trout captured a the Tucanon River
anadromous fish trap, but they failed to remove Cottidas {sp.) or Plecoptera.
Ementics weré nidt used, however their use may-bs useful with lavage
techniques, to effectively removeé these organisms.

Due to their reproductive i importance to the populationno more thanl..
adult-size bull -trout { > .3m) was coliected from each stream at the time of
stomach collection. However, one aduit-size bull trout was collected from
each site to determine if these large fish are predating on either steeihead
trout, spring chinook saimon, sculpin, or juvenile bult trout.

In 1990 WDW collected cight aduit-bull. trout from Mill Creek, two from the
« Tucannon River, and one from the Wolf Fork. This data will be reported
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along with the 1991 bull trout diet data in the feeding habits portion of this
report. we realize that this will not provide definitive, or substantial
information, however, we was bound by the species status and sampled
accordingly. A comparison of the adult bull trout diet information collected
will be made to the existing, published diet information.

The head and otoliths were removed from each bull trout and a scale sample
was removed from each steelhead trout for age determination of fish
according to procedures outlined in Section 2.9 - Age, of this report. The
body cavity was opened for sex determination and stomach removal. The
stomach was removed at the pyloric sphincter and the anterior portion of
the esophagus and, placed in a jar containing a fixative of 10% formalin.

2.7.2 LABORATORY METHODS

In the laboratory, quantitative counts of the stomach contents (appendix E),
of each species of fish were determined by identifying the. oranisms with a
Bausch and Lomb Stereozoom & dissecting microscope using the keying
sources of Merritt and Cummins (1984) and Pennak (1979). The organisma
in the stomach were identified to the lowest taxonomic level possible. After
the prey items :ware. grouped to family they were counted and dry weights
obtained by drying in an oven at 1 08°C for 24 hours and weighing on .a .
Sartorius model H51 balance (Weber 1973).

The number and. weight of each type of prey item found in the stomach
contents of individual fish were entered into.a computer file using Microsoft
Excel on an IBM compatible computer. The program determined the measn .
and standard deviation of the number and weight of each prey category, the
frequency of occurrence and the numerical and weight percentages of each
type of prey item (Hynes 1950; Lagler 1966; Windell 1971; Bowen 1983).

2.7.3 INDEX OF RELATIVE IMPORTANCE

The index of relative importance (IRl; George and Hadley 1979), was used
to indicate the relative contribution of each taxon of prey to fish and to
identify prey items important to fish. This formula synthesizes occurrence,
numerical frequencies, and weight frequencies into one number in order to
compensate for the perceived biases of the individual indices. For instance,
percent by weight may overestimate the importance of smaller organisms
consumed in large numbers, while percent by weight may overestimate the
importance of larger organisms.
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The IRl was calculated using the formula:

Ria ""‘10..0 Ala
E Ala
a=v
where: Rla = relative importance of food item a,

Ala = absolute importance of food item a tt.e.,
; frequency of oceurrefice + numerical frequency
+ weight frequency of food item a), and
n = number of different food types.

The relative importance index provides a useful indicator of the relative
importance-of any one food item to the fish's diet. Relative importance
values are ‘percentages which range from 0 to 10096.

2.7.4 DIET OVERLAP

Diet overlap indices, described in Keast {1978), were calculated to
determine if bull trout, steethead trout, and spring chinook salmon compete
for food items. A diet overlap may indicate competition if the food
resources shared by the two species are limited MacArthur 1968).
However, high diet overlap values could indicate a surplus of fooed, ‘and that
food is hot limiting. Therefore, available food resaurces were détermined
before an assessment of competition for food between bull treut and
steethead trout was made. Horn's {(1988) index for diet overlap for these
species was used with the estifhate of benthic macroinvertebrate abundomo'
to determine if a potential for competition exists.
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Fish diet overlap values (Morisita 1969; Horn 1966) were based upon the IRI
calculations. The overlap index is expressed in the equation:

Z(Pxn X Pyi)
Cx
Pxn + Pyi?
PR
where: cx = the overlap coefficient;
Pxi = the proportion of food category (i) in"the diet of
Species Xx;

Pyi = the proportion of food category (i) in the diet of
species y; and
n = the number’of food categories.

Overlap values range from 0 (no overlap) to 1 (complete oveﬂap) Values of)
less than 0.3 are usually considered low and vaities greater than 0.7 '
indicate Slgniﬂcant overlap (Peterson and Martin-Robichaud 1982).

2.7.5 ELECTIVITY INDEX

Benthic invertebrate density was the product of the number of orgamsms
collacted and the arga sampled. Relative proportions 6f benthic ,
macromverfabrate density collected from Hess samples were comblned with
the numerical percentage obtained from the stomach analyses to, determine
a linear index Of invertebrate food selection (Strauss 1979):

L =Ri-Pi
where: L = the measure of food selection,
Ri = the relative abundance of prey (i) in the gut, and
Pi = the relative abundance of the same prey (i) in

the environment.

Food selection values range from -1to + 1. Values near, zero indicate the
fish is selecting prey proportional to its aburidance. Positive values indicate
the fish is actively selecting the food item from the environment, while
negative numbers indicate either, that the fish avoids the food item or the
food item is inaccessible to the fish. This index was used to determine if
bull trout and steelhead trout ‘selectively prey on a particular taxa of
invertebrates.
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2.7.6. RANKING OF PREFERRED FOOD ITEMS

The four most numerous invertebrate taxa for each fish species were chosen
as the preferred invertebrate prey; these taxa were determined by the
frequency of occurrence, percent composition by number, percent
composition by weight, and electivity index. Each prey item was allotted 3
points for scoring highest in a category, 2 points for second and 1 point for
third. Points were totaled and prey items were ranked accordingly {Geist et
al. 1988).

2.8 FISH MOVEMENT ANO MIGRATION

An adult anadromous fish trap located at the Tucannon Fish Hatchery (RK
621 which is operated by WDF from March through June was used to trap
upstream migrating bull trout. WDF personnel trapped and marked all bull
trout that were captured. The trap is ideally located at the lower end of bull
trout spawning grounds on the Tucannen River. Our initial intentions were
to trap all fish moving in an upstream dlrection past the trap, measure and
tag the fish, and release them above the trap. We then planned on
observing thesé fish upstream from the trap throughout the summer by
snorkeling, eleptroﬂshing, hook and line capture, or anglers returning tags.

2.9 AGE

Bull trout age, was determined by counting the hyaline growth, rings on the
otoliths that were removed from each fish sacrificed for stomach collection.
The hyaline zones were readily identified and enumerated by phc!ng the
otoliths in .a ‘drop of water underneath a dissecting microscope and
observing at 4 power with incident light. There was no way of validating
the age as determined by this method, so repeated counts of each ‘otolith
were made. The otoliths were read 3 by three seperate persons.

The average percent error, coefficient of variation, and index of
reproducibility for each fish aged was calculated to see if the determined
age was reproducible, as described in Beamish and Fournier (1981).

Upon sacrificing the fish for stomach and’othoflth removal, the fork length,
standard length, sex, location, date and other measurements were recorded
necessary for identification of bult trout using Haas's (1 988) formula.
Otoliths were removed from the head as described by Peven (1 990).

After the otoliths were removed they were placed into a vial containing
glycerine’ and a ‘tag containing infom\aﬂon about the fish (length, sex, ‘date
of capture ‘and stream). The otoliths were read by placing them on a dark
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surface underneath a binocular dissecting microscope where they could be
seen with either reflectad orincidént light. The dark-continuous hydina
tone was assumed to be an annulus, while the white, opaque zone was
considered-summer growth (Bagenal and Tesch 1978; Chilton and Beamish
1982).: Caution was used not to read the "metamorphic”check (the hyaline
zone that occurs around the nucleus of the otolith at hatching) as an
annulus (Peven 1990).

In order to make inter-stream comparisons of age, we used Beamish and
Fournier's (1981) average percent error between readings method, index of
average error, and Chang’s (1982) coefficient of variation to compare age
reproducibility between streams. A description, methods, dIscussion, and
results of these indices is reported in appendix G.

2.7 7 CONDITION

Condition factors were ‘computed as an indicator of the fishes general
condition {Connell 1980; Everhart and Youngs 1975). The condition of a
fish can be reduced if campetitive interactions are occuring and therefore
can provide evidence of competition (wooton 1990). Condition factors
were calculated for all bull trout and steethead trout collected in each stream
and interstream comparisons of condition ware made. The formula to
calculate the condition factor i s :

. W
Kﬂ =1§‘(n)5
Where: Kfi = condition factor;
W = weight of fish in grams; and
L = fork length of fish in millimeters.

The fork length of ‘each fish collected in this study was measured because

of the frequent and severe anomalies saen in the forks of the caudal fin of
bull trout. These anomolies are speculated as being due-to nipping by Other
fish, digging with the caudal fin, or disease. Therefore, the condition of
both bull trout and steelhead trout in terms of fork length, not total length is
reported.

2.7 7T GROWTH

Measurements of growth as length quantify axial growth; measurements as
weight quantify growth in bulk. These two categories of growth are usually

highly correlated. But a fish can change in weight without changing in

length, or vice versa (Wooton 1990). The relationship between length and
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weight is therefore an indication of the state of well-being:ef a fish and can
be used to make inter-stream comparisons.of general fish heaith. The
weight and length was: recorded for each bull trout and each steelhead trout
collected from each stream at the time of capture during electrofishing -
surveys. Weight was regressed against length for_juvenile (through thait::. .
third year of growth) and adult (beyond. age 3) for each stream to allow for
inter-stream comparisons of growth, an indicator of possible competitive
interactions (Wooton 1990).

2.12 SPAWNING GROUND SURVEYS

The number of redds, or nests constructed by .bull trout in each stteam was
determined by walking the straam and VIsually identifying any redds.
Identification was obvious, as bull trout spawn in the fall and periphyton is
present on all undisturbed rocks. As the fish constructs tha redd it "digs” a
depression in the gravel substrata and in doing so removes most of the
periphyton and invertebrates attached. to the rocks used for tha radd.

The furthest upstream redd in each stream at each survey was located and
its size and number was noted. The redds were, &numerated with-a two
digit number. The first of the digits represented the survey number. and the
second number represented the number of the redd seen on that survey.
The redds enumerated in a notebook and marked by hanging a ar b
biodegradable flag containing the 2 digit number on an adjacent tree so that
the same radd would not be counted in subsequent surveys. The size of
each radd was recorded in the notebook so that any additional construction
on the redd, which may indicate redd overiap or disturbance, would be
discamabla. The survey continued downstream until no further redds ware
encountered.

2 .73 REDD CHARACTERIZATION

In order %0 physically characterize bull trout redds:and make interstream
comparisons, the following physical chmctenstlcs of every thlrd redd were
measured in each stream:

1) Redd number
2) Adjacent water velocity
3) Water depth at
a) bowl
b) tail
c) side
4) Substrate in the bowl and tail in the following class sizes
a)<1/8"
b) 1/8 - 1/2"
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c)1/2-21/2"
d) 21/2- 10
5) Habitat type -
6) Proximity to the following cover types
a) deep, water 1.30 cm)
b) overhanging terrestrial vegetation
¢) large organic debris
d) undercut bank
e) turbulence

Water velocity {m/sec) was mesured with a Swoffer Modal 2100 Series
open stream current velocity meter. Depth and distance measurements
(meters) were determined by using either a taiascoping measuring rod or a
tape measure. )

Spring chinook salmon spawn in the fall of the year and competition
between adult bull trout and salmon for spawning gravels could occur.. We
reviewed recant annual, reports publlshad by the Washington Department of
Fisheries (WDF) for thb ‘Tucannon River to compare redd placement and
habitat preferences of spring chinook salmon to bull trout in the Tucannon
River.

2.74 STREAM TEMPERATURE DATA

To determine thermal regimes for each stream, continuous-reading
thermographs ware deployed in both the Wolf Fork and Asotin Creek. WDF
has maintained thermographs in the Tucannon River for the last 6 years and
the City of Walla Walla has recorded stream temperatures in Mill Creek daily
for the last several years.

The thermographs were deployed on 20 June and recorded stream
temperatures continuously for 90 days, until 20 September. Locations of
the thermographs in the Wolf Fork and Asodn Creak were at river kilometer
(RK) 13.1 and at the Forest Service boundry fence {RK 34.1), respectively.
The thermograph that was deployed on 9-July in the Wolf Fork
malfunctioned and had to be repaired and re-deployed on 24-August and
remained in the stream until 31 -October. WDF has a thermograph located
at the downstream end of the bull trout range in the Tucannon River 300
meters below the confluence of Panjab Creek and the Tucannon River.

The thermograph was located at the city of Walla Walla water intake dam in
Mill Creek which is at the downstream and of the bull trout range in that
river. This data from each of these streams was recorded from 20-June to
31 -October. This data was used to report thermal differences in each
stream and to allow evidence for stream similarities.
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2.75 STREAM FLOW DATA

Stream flow was determined at each of the 6 habitat inventory segments
discussed in section 2.12 Habitat Measurements. In 1991 Flow was taken
on 6/27and 7/10on the Tucannon River; 7/11 on Mill Creek; 7/16 on the
Wolf Fork; and, 7/3 on Asodn Creek. flow was determin&d by measuring
the width of the stream at the transact, dividing the width into’ 10 equal
units, and recording the stream velocity and depth at each of these 10
units. The formula used to calculate flow, which is a modification of that
reported for determining discharge from tha sum of flows for partial sections
(Ralph 1990), was:

D =i§;%v—(Vi)(di)

Where: D = Discharge {(cms or cfs)

. * 'n = the number of ‘velocities taken ;
tW= the total stream width {mor fv);
Vi = the stréeam velocity (m/s or ft/sec); and
di = the stream depth {(m or ft) .

28




3.0 RESULTS

3.1 MATHEMATICAL IDENTIFICATION OF BULL TROUT

Meristic information was collected from a total of 35 bull trout greater than
135 mm standard length (SL) in Mill Creek, 30 bull trout greater than 108
mm in the Tucannon River, and 14 bull trout greater than 124 mm in the
Wolf Fork.. AH fish were collected during either fish density sampling or
stomach collection. Meristic information, as well as Haas's (1988) specias
differentiation formula and its methedelagy is presented in appendix A.

Table 3.1.1. contains species differentiation information about fish collected
from the three study streams in whigh we found Dolly Varden/bull trout.

Two of the 35 assumed bull trout collected from Mill Creek ware Dolly
Varden. Seven of the 30 assumad bult trout collected from the Tucannon
River were Dolly Varden, and Q of the 14 figh collected from the Wolf Fork
were Dolly Varden. :

Measurements of shorter figh resuited in negative values; the greatest
standard length measuremegnt of any fish showing a negative value was 169
mm. The average SL meaguremertt of fish from-all 4 streams showing a -
negative value was, 130.4 mm .(range 98 . 168), while the average SL -
measurement of bull trout ghowing a positive value from all 4 streams wu
191 mm (range 105-586).

Table 3.1.1.

STREAM
Mill Creek
Wolf Fork

Tucannon

29

Results of bull trout/Dolly Varden differentiation function.
FOFFBRAWITH #OFFSHWITH  AVG. STANDARD  AVG. STANDARD
AVG. VALUE < 0 VALUE >0 LENGTHOFFISH LENGTH OF FISH
VALUE _ (Dolly Varden) {Bu trout) WITHVALUE< O  WITH VALUE < 0
1.47 2 33 159 206 ..
094 | W 0 - 200
0.74 E 23 : 122 220




3.2 HABITAT MEASUREMENTS

A summary of the individual straam habitat inventory sections

is presented in the following tables (3.2.2. through 3.2.5.) and gives the
percentage of each of the measured characteristics associated with each
habitat unit type.

The physical habitat measurement data collected from the study reach of’
each stream showed that the four study streams were similiar in gradient,
order, elevation, and percentage of each habitat unit type (Table 3.2.1.}.

Substrate size and distribution among habitat unit types ‘was similiar in &t
four streams, as would be expected in streams of similiar geological <
formation and age. As a result of habitat inventory segment location {see
figures 2.2.2 through 2.2.5.) and historical land use, the percent of
overhead cover varied within and between streams. Milt Creak, Wolf ‘Fork,
and the Tucannon River showed a conaistentaly high percentage of
overhead cover for each habitat unit surveyed. However, Asotin Creek
showed a consistently low percentage of overhead cover for each habltat
unit surveyed.

Substrate embeddedness was low (0%) to moderate (O - 30%) in all"'streams
and showed slight-increases at downstream sites. The type and-percent of
instream-cover varied between habitat unit types but showed similiar
variation between streams. Instream cover provided by turbulence and
boulders was highest among cascades and riffles, while woody debris was
highest among plunge pools.

Table 3.2.1. Interstream comparison of grat lent, stream order, elevation,
and percentage of each habita| unit type.

- Stream | Elevation | Plungy  Scour BT T
“RIVER " Gradient | Order ‘| (Meters) Pool‘ Pool Run__ 'Riffie Cascade

Ml Cr. 3.1% 730890 | 0.9%. | 3.9% | 35.8% | 30.29% | 32.0%

Wolf Fork |  3.6% 820-980 | 5.5% | 0.3% | 19.7% | 55.3% | 19.2%

TucannonR. | 3.2% 900-1150 | 7.0% | 2.9% | 42.0% |'37.2% | 11.0%

NI I N

Asotin Cr, 2.5% 750-360 2.6% 0.79% | 33.8% | 49.9% | 28.1%
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Table 3.2.2. Contribution of physical parameters to each-habitat unit type
surveyed in Milt Creek, 1991.

PARAMETER
SAMPLESIZE:
~ ‘AVERAGESIZE(m2}:
AVERAGE DEPTH (MAX.):
.ACTUAL TOTAL AREA (m2)
% OF TOTAL AREA:

PERCENT OF HABITAT UNITS THAT CONTAJNED EACHSUBSTATECLASS™

{Organic):

(Fines < 2 mm):*
(Gravel 2 mm - 8 cm):
{Cobble 6 cm - 25 cm):
(Boulder <25 cm):

2
3
4
5
{Bedrock) 6

PERCENT OF HABITAT UNITS THAT CONTAINED EACH OVERHEAD COVERCATAGORY

(No?pdyer): 0
{ x <30% cover): |
(30% < x < 70% site covered): 2

{x > 70% site covered): 3]

HABITAT UNIT TYPES
PLUNGE SCOUR
- . POOL - POOL RUN RIFELE. CASCADE
n=81{n=71{ n=30 n=21 | n= 23
4.4 -] 39.1 } -49.4 71.4 68.5
,38&21? .50 (.86) 0.31: | '0.24 0.29
. 2684 11,138.01 10,455.1| 8,821.0 | 9,343.3
.92% 3.90% | 35.83% | 30.23% | 32.02%
0% | 0% 0%. 0% 0%
0% - 0% - 2% -0% 0%
.- 13%: -1 50% 13% T 21% 2%
- 50% 14% 65% | 58% 20%
13% 36% 20% 21% 78%
S 13% 0% 0% 0% 0%

AVERAGE SUBSTRATE EMBEDDEDNESS FOR EACH HABITAT UNIT TYPE

{Unembedded): 3

(< 30% unembedded): 2[

(> 30 % embedded):

PERCENT OF HABITAT UNF?S THAT CONTAINED THE INSTREAM-COVER TYPES

(Woody debris): 1
{Bouider): 2
(Undercut bank): 3
(Turbulence): 4

0% ] 14% | 10% 5% 0%
| 25% 29% | 3% 14% 13%
. 75%. 1.4% 27% 38% . 39% .
-0% | 43% 80% 43% 48%
100% 71% 97% | 100% 100%
Q% | ggog 3% | 0% 0%
0% 00/2? ] 0% 0% 0%
50% | 71% | 73% 19% 48%
38%. | 29% 43% 72% 83% .
25% | 43%| 37% 14%|[. 26%
[ 75% | 290% | 17% 99% 100%

OF THOSE SITES THAT HAD: INS-I-REAM COVER THIS IS THE AVERAGE % FOUND

------

IN EACHHABITAT UNIT TYPE

(Woody debris): 1 25% 21% 22% 9% 8%
(Boulder): 2} 8% 7% 10% 19% 26%
(Undercut bank): 3} 13% 9% 90% 3% 6%
(Turbulence): 4f 30% 6% 3% 22% 39%
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Table 3.2.3. Contribution of tha listed physical parameters to each .
habitat type surveyed In the Wolf Fork, 1991 ..
UNIT

PLUNGE SCOUR
PARAMETER lPOOL .POOL RUN RIFFLE CASCADE

SAMPLE SIZE: n=21n=21]n=29 fp

A\gERAGESIZE(ng@): 8.1 1.8 | 281 " 63.2 55.7
AVERAGE DEPTH (MAX); 84) |35 (43)| Q.38 | 022 | 03 |

ACTUAL TOTAL AREA {m2) [ 1,888.8.] 90.2 | 5,564.4 | 15,587.7] 5,406.5

% OF TOTAL AREA: | 5.3% | 0.3% | ~37% | S63% 1 153% |

PERCENT OF HABITATUNITS THAT CONTAINED EACH SUBSTRATE CLASS \

" (Organic): 1 ["8% 6% 0% 0% 0%

(Fines < 2 mm): 2{ ~ 25% | 2% 0% 0%

(Gravel 2mm -8 cm): 3f 31% .| 50% 14% T% 0%

(Cobble 8cm-25cm): 4[ 23% | 25% | .60% 3% | 11%

(Boutder <25 cm): 5[ 48% | 0% | 28% | B&% ] 89%

PERCENT OF HABITAT UNITS THAT CONTAINED EACH OVERHEAD COVER CATAGORY
{No cover): 0 14% 22%

-4 x.<30%. cover): 1 . % 1{% , %é%

(30% < x < 709& ‘sits covered): 2| P’
T 71% | 35% 22%

{x >70%si=eecovered) 3

(Um&mo[%%_ﬂfﬂ P8% | 100%
(< 30% unembedded): 1 |1 [ B0% | _10% 3% | 0%

p—

(> 30 % embedded): 2| 0% | 0% |

PERCENT OF HABITAT UNITS THAT CONTAINED THE INSTREAM COVER TYPES

(Woody debris): 4 [ a8% | 50% | J% | 7% 0%
(Boulder): 2|~ 38% | BO% | 87% | 83% | 100%

(Undercut mw:a_"__jjg_'gk 0% | 4% T %
(Turbutence): 4] 48 0% A% % 1

OF THOSE SITES THAT HAD INSTREAM COVER, THIS IS THE AVERAGE % FOUND
IN EACH HABITAT TYPE ‘ |

(Woody debris): 1 [~ 40% 16??"‘%‘_ 26% 0%

(Boulder): 2™ 18% | 30% | 3 28% §4% |

(Undercut bank): 3| 40% 0% | 20% .
?TurbtAGnceiz A 50RO -—gi
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Table 3.3.4. Contribution of the listed physical parameters to each
habitat type surveyed in the Tucaanon River; 1991.

PARAMEYER
SAMPLE SIZE:
AVERAGE SIZE (m2):
AVERAGE DEPTH (MAX.):
ACTUAL TOTAL AREA (m2)
% OF TOTAL AREA:

PERCENT OF HABITAT UNITS THAT CONTAINED EACH SUBSTRATECﬂASﬁ

(Organic): 1

{Fines < 2 mm); 2
(Gravel 2 mih -8 ¢m); 3
{Cobble 8 cm - 26 ecm): 41
{Boulder < 25cm): 5

HABITAT UNIT TYPES
PLUNGE SCOUR ,
POOL POOL RUN RIFFLE CASCADE
.n =18 a=68 n=31 1 n=27 n=14
114 .. 5_2‘:73'5) 7.6 | Wm sor 45.1
7301 18Tt 0. 37 0.48
8| 26685 | 38,0067 | 33.880.5] 70,0002
393% | 41.05% | 37.20% | 10.98%
0% | 8% 2% 4% 8%
30% 33% 5% 5% 3%
23% 42% — 34% 34% 26%
7% % | 21% 8%
' io%» ﬁi 18% 37% 50%

PERCENT OF HABITAT UNITS THAT CONTAIN ED. EACH OVERHEAD COVER CATAGORYH :

(No cover): 0 20% | 17% 23% 33% 29% )
(X <30% cover): 1 17% 32% | 16% | 29% |
{30% < x c 70%site covered): 2 27% | - 13% 23% 26% 7%
x> 70% site covered): 3| 40% 33% 23% 26% 36%
AVERAGE SUBSTRATE EMBEDDEDNESS FOR EACH HABITATUNIT TYPE
{Unembedded): 0 —66% T00% | 100% 100%
(< 30% unembedded): 11— 17% 0% _ [ 0% 0%
(> 30 % embedded):- 2 17% 0% 0% 0%
PERCENT OF HABITAT UNITS THAT CONTAINED THE INSTREAMCOVER TYPES -
" {(Woody debris): 1[T00% 1 83% 94% | 67% 79%
" (Boulder): 2] 0% ~0% 8% 1% 29%
~ {Undercut bank): 3] 0% 0% 0% | 11% 0%
(Turbulénce): 4| —80% 0% 23% 71% 100%

OF THOSE SITES THAT HAD INSTREAM COVER, THIS IS THE AVERAGE % FOUND

INEACH HABITAT TYPE

* (Woody debris): 1 BE5% 1 38% 330% 18% 44%

(Boulder}: 2] 0% T 0% 1% 5% 5%
“WUndercut benk:: 3| 0% . ... 2% 2% 0%

" (Turbulence): 4 219% T 0% T 3% 7% 1%
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Table 3.25. Contribution of the listed physical parameters to each
habitat type surveyed in Asotin Creek, 1991,

HABITAT UNIT TYPES
PLUNGE  SCOUR
PARAMETER . POOL POOL RUN . PIEFLE . CASCADE
SAMPLESIZE: n=15 | n=2 n=27Tn-= n=13
AVERAGESIZE(m2): | 6.81 | . 19.2 | 47.60 67.2 a4
AVERAGE DEPTHWAX): 643 0881088 01103 1 0.1 025
ACTUALTOTALAREA(mM2) {- 1621 | 384 | 1,4306] 1,814.4 | 672.5 ]
“%OF TOTALAREA: % ] 01.% | 8% | 46.% 14.%
PERCENT OF HABITAT UNITS THAT CONTAINED EACH SUBSTRATE CLASS
(Organicl: 1[__ 0% | . 0% | 0% ] 0% ] 0%
(Fines < 2mm): 2| 23% | 0% | 2% 0% 0%
(Gravel 2mm-6cm):3["13% . 0% | 21% | V1% 0%
(Cobble 6 cm - 25 cm): 4] 23% | 50% | 69% | 83% 88%
(Boulder <25cm): 5[ 40% | 650% | 8% | 28% 12%

PERCENT OF HABITAT UNITS THAT CONTAINED EACH OVERHEAD COVER CATAGORY

“(No cover): O 3% 50% 30% 1 88% T i
~ (x <30% coven): 20% 50% | 26% 22% 31%
(30% < x < 70% siteoovereq):,,z """b‘z % 0% | 26% 26% 0%
x > 70% site covered): 3{  27% 0% ‘5% ~ 4% 7% |
AVERAGE SUBSTRATE EMBEDDEDNESS FOR EACH HABITAT UNITTYPE o
{Unembedded): 0 4’1% T00% | J0% T 7% 700%
(< 30% unembedded): 1 53% 1T 0% | i %% 1 0% |
(> 30 % embedded): 2| 0% 1 0% T 0% | 0% |
PERCENT OF HABITAT UNITS THAT CONTMNED THE INSTREAM COVER TYPES -
{(Woody debris): 1 ~100% | 89% B86% 31%
(Boulder): z ’ 1_% 0% . | 6% 30% 92%
(Undercut bank): 3 0% | 41% | 7% | 0%
(Turbulence): 4 100% | i9% | 48% | 100% |

OF THOSE SITES THAT HAD INSTREAM COVER, THIS IS THE AVERAGE % FOUND

IN EACHHABITAT TYPE

(Mkmdydebnsy1=££A

(Boulder):. 2]
{Undercut bank): 3

{Turbulence): 4

‘3’!
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3.3 POPULATION ESTIMATES

Site specific fish population, ‘density and confidence intervals ( + /-} , for
each age class and species is reported in Appendix B. Table 3.3. 1. shows
the population estimates and 95% eonfidence intervals for each species and
age class of fish.sampiled in each stream:in 1991. Table :3.3.2. shows the
density of each species and-age class of fish for each of the study streams
so that inter-stream comparisons could be made.

It was assumed in:the population estimates, that only rainbow trout exist in
Mill Creek as no aduit steelhead have been observed ascending the water
intake dam or spawning in this river above the water intake dam. Therefore,
populations of 0. Mykiss will ba reported a8 rainbow trout in Mil] Creek
throughout this report. -

Table 3.3.1. Population estimates and 95% confidence intervals for cach
species and:age class for each stream sampled in 1991.

R

Y-O-Y JUVENILE Y-O-Y JUVENILE
RIVER BULL TROUT +JCl. BULLTROUT _+1-C.l. STEELHEAD _+/-C.l, _ STEELHEAD + /- C.l.
| Mill Creek 1,754 61.9 2,171 21.8 1,164 153.8 1,036 657.86
Wolif Fork 1,844 118.8 1,066 137.2 1,967 71.2 1,336 541.6
Tucannon R. 3,624 336.1 1,329 38.1 1,963 885.1 3,822 914.9
Asotin Cr. 0 0 | 284 0 17,766 0 9,845

Table 3.3.2. Species density (#/100m2) for each age class in each of the
study streams, 1991.

AREA B.T. YOY B.T. JUV. STHD YOY STHD JUV.

RIVER SURVEYED(m2) __ DENSITY DENSITY DENSITY DENSITY
Mill Cr. 29,179.7 8.0 7.4 4.0 3.6
Wolf Fork 28,202.8 5.6 3.7 6.9 4.7
Tucannon R. 91,076.7 3.9 1.6 2.1 4.2
Asotin Cr. 87,277.8 0 0 28.5 14.3

Young of the year bull trout densities varied between habitat types and
rivers but were on the average higher in turbulent water and lower in placid
water for all 3 streams (Table 3.3.3.). There was a decrease from an
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average of 7.1 /100m2 young of the year bull trout.in the uppsr-most sites to
0/100m2 in the lower sites in each stream (Appendix B).

Juvenile bull trout densities were similiar between habitat types for all
streams except Asotin Creek (Table 3.3.4.). The 1 .5 fish/100m2 reported
for Asotin Creek is based on ene 163 mm. bull trout that was captured in @
64 m2 cascade; no. other bull trout were captured in Asotin Creak, " 991

Young of the year stealhead trout densities varied between habitat types
and rivers but were on the average higher in placid water and iower in more
turbulent water for all 4 streams (Tabls 3.3.5.). YOY steelhead trout -
densities were exceptionally high in Asotin Creek as compared to the other
3 study streams due to sample size;-enly 1 site of each-habitat sype was
surveyed in Asotin Creek, while 4 sites of each habitat type were surveyed
in the other streams.

Juvenile steelhead trout densities varied between habitat types and streams
but were higher -@n the average in placid water and lower in more turbuient '
water in all four.streams {Fable 3.3.6.): Juvenile steelhead trout densities
were exceptionaly high in Asotln Creak, which may be due to low sample
size, a6 stated above.
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Table 3.3.3. Y-O-Y bull trout densities (#/100m2) for each habitat type.

~ RWVER - "PLUNGE POOL ' SCOURPDOL RUN  RIFFLE  CASCADE
-~ Mifl Creek 1.9 3.9 3.3 8.8 .81
Wolf Fork 1.6 0 3.2 3.4 15 .
Tucannon R. | 4.4 6.7 3.0 3.8 7.4:
AsotinCr. 0 0 0 0 0

Table 3.3.4. Juvenile bull trout densities (#/100m2) for each habitat typé:

_ RIVER . PLUNGE POOL SCOUR POOL  RUN . RIFFLE  CASCADE
MlCmek | 87 | _ 68 | 84 | 77 | 65
"~ Wolf Fork 26 T 23 | 22 | 20 .
" Tucannon . EER ) 18 14 74
" AsmtnCr. | 0 0 o | o 15
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Table 3.3.5. Y-O-Y steelhead trout densities (#/100m?) for each habitat
type. ‘ o

RIVER  PLUNGE POOL SCOUR POOL _ RUN  RIFFLE  CASGADE |

~MiliCreek | 58 30 24 | 48 | 30
Wit Fork 0.8 0.4 30 | 30 | 25
“Tucannon R, | 4.0 a3 18 8 | 18
"~ Asotin Cr. 14 a2 300 | 208 | 186 |

Table 3.3.6. Juvenile steelhead trout densities (#/100m2) for each habitat -

type.
" RIVER.  PLUNGE POOL _SCOUR POOL  RUN
Ml Creek | 7.8 109 36.2.
Wolf Fork 1.0 104 | 3.0
“Tucannon R, 160 57 a4 :
~Asotin Cr._ 76 6.7, oY) m b
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3.4 RELA TIVE ABUNDANCE

Tables 3.4.1. through 3.4.4. report the total number of fish caught, fish
density (#/100m2), relative abundance (Rla), and the area sampled for each
species of fish caught in each river in August; 1991. Sculpins were the
most abundant species present in Mill Creek and Asotin Creek.. Steelhead
trout were the most abundant species in the Wolf Fork and the ‘Tucannon
River.

Bull trout density, as determined during relative abundance surveys, was
highest in the Tucannon River (0.02/100m2) and lowest in Asotin Creek
(0/100m2). 'he area of stream sampled varied between streams because
we were collecting bull trout and steelhead trout stomachs to meet the
stomach collection objectives of ‘the feeding habits portion of the study,
therefore we continued sampling until we collected a minimum of 10
stomachs of each species.
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Table 3.4.1. Total number, density, and relative abundance of cach

species caught during relative abundance surveys on Mill

Creak.
SPECIES ~ # CAPTURED:: DENSITY Rla AREASAMPLED
‘ {#/100m?2) L {m?2)
BwTrggt 10 o.% 0.05 1,224
" Rainbow Trout | 42 0.034 | 0.21 1,224
Sculpin 148 0.121 0.74 1,224

Table 3.4.2 ' Total number, denslty and relative abundance of oach o
specios cauaht during relnﬂvo abundanco surveyron Wolf

Fork.
SPECIES # CAPTURED DENSITY Ria AREA SAMPLED
(#/100m2) {m2)
Bull Trout 11 0.007 0.05 1,628
SteelheadTrout 182 0.112 0.76 1,628
Sculpin 47 0.030 0.20 1,628

Table 3.4.3. Total number, density, and relative abundance of each
species caught during relative abundance surveys on the
Tucannon River

SPECIES # CAPTURED DENSITY Rla AREA SAMPLED
(#/100m?2) (m2)
Bult Trout 20 0.020 0.12 968
SteelheadTrout 86 0.087 0.50 968
Sculpin 67 0.068 0.21 866

Table 3.4.4. Total number, density, and relative abundance of each specles
caught during relative abundance surveys on Asotin Creek.

SPECIES # CAPTURED DENSITY Ris AREA SAMPLED
(#/100m?) (m?)
Bull Trout 0 0 0 321
SteelheadTrout 63 0.196 0.24 321
Sculpin 204 0.636 0.76 321
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3.5 HABITAT UTILIZATION AND PREFERENCE ANALYSIS

After compiling the habitat inventory segment data for each stream, and site
habitat characteristics, habitat utilization and preference histograms were
constructed for each sp@ciés and stream surveyed. Habitat utilization
histograms were constructed for bull trout and steelhead trout utilizing
gravel substrate, cobbl® substrate, boulder substrate, sites with overhgad
cover, woody debris, hgulders, undercut banks, and turbulence. All habitat
utilization histograms a‘t! presented in Appendix C. -

Results of the site habitat characteristic data showed that habitat use varied
between streams and between species and that few strong correlations
between use and specific site habitat characteriscits existed for most of the
parameters measured. The correlations that existed between use and
availability were; 1 )young of the year bull trout showed density increases
(use), with Increases of boulder and overhead’cover in survey sites in all 3
streams containing bull trout, 2)Juvenile bull trout showed density increases
(use), in use of cobble and overhead cover as these instream cover types
increased in survey sites in ail 3 streams, 3) bull trout showed density
decreases (use), with increases in turbulence in survey sites in all 3 streams,
and 4) young of the year steelhead trout showed density increases (use);
with increases of gravel and woody debris in survey sites in all 3 streams.
Steelhead showed density decreases (use), with increases in turbulence in
survey sites in all 3 streams.

Habitat availability and fish utilization histograms were constructed for each
species of fish in each of the study streams for habitat that could be
guantified (Figure 3.5.1 through 3.5.4). There were’ consistent relationships
between habitat use and age class for each stream. Young of the year bull
trout consistantly utilized.riffle or cascade habitat the highest in each of the
study streams (Fig. 3.%5.1.), while juvenile bull trout consistently utilized
plunge pool or scour pool habitat the highest in each of the study streams
(Fig. 3.5.2.). Young of the year steelhead trout consistandy utilized plunge
pool or scour pool habitat the highest in each of the study streams (Fig.
3.5.3.), while juvenilg steelhead trout utilized either plunge pool, scour pool,
or run habitat (Fig. 3:5.4.).

After transformation.of habitat utilization to habitat preference, ‘certain
habitat preference refationships existed. Young of the year bull trout
showed higher preference for pools than the other habitat types, but
preference values for run, riffle, and cascade habitat still existed (Fig.
3.5.1.). Juvenile bull trout, however, showed strong preference for pool
habitat and the preference values for the other habitat types became almeést
zero (Fig. 3.52.). Young of the'ydar and juvenile steelhead trout showed
strong preference for pool habitat but values for the other habitat types
remained above zero (Figures 3.5.3. and 3.5.4.).
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Comparison of use to aveilsbility for
Y-0-Y bull trout in Mill Creek.
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Figure 35.1. Compaflson of potcom habitat use to percent habitat

avalilability and habitat preference values for Young-of-
the-year bull trout in each of the study streams, 1091.
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Comparison of use to availability for

Juvenile bull trout in Mill Creek.
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Figure 3.6.2. Compatison of percent habitat use to percent habitat
_ availability-and-habitat prefersnce values for Juvenile
bull trout in each of the study streams, 1901.
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. Comparieon of use to availability for
Y-0-Y rainbow:trout in Mill crook.

Plunge .. Soour Run Riffs Cascade

Pool Pool
1 (Proportion Use} L tProportion Aveslebie)
Comparison of use to availability for

Y-0-Y steslhead trout in the Wolf Fork.

Comperiaan of yse 10 avellability for
Y-0-Y ataslhead trout in the Tucannon
River.

—

———>

—

20.

Transformation of usa/availability deta
into habitat preference valuas for
Y-0O-Y rainbow trout in MB Creek.

Transtormaiion of use/evallabiity data

into habitat prefersnce values for
Y-O-Y stesihead trout in the Wolf
Fork.

Transformetion of use/svailabllity deta

into habitat preference values for

Y-0-Y stoslhead trout in the Tucaimon

18.0

Prefer,
veios 10.0

0.0

River.

Figure 3.5.3. Comparison of percent habitat use t0 percent habitat - -
availability and-habitat preference values for Young-of-the-
Yaar steelhgad trout In each of the study streams, 1991.
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Figure 3.5.4. Comparison of percent habitat use to percent habitat
availability and habitat preference values for Juvenile
steelhead trout in each of the study streams, 1991.
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3.6 FOOD A VAILABILITY

Benthlc macromvertebrate density was similiar b&v&n streams. - The total
abundance {#/m2) of benthic macroinvertebrates was 26,480, 20,383, and
16,678 for Mill Creek, Tugannon River, and Asotin Creek; respectively. The
Order Diptera was the highest in abundance in ‘Mill Creek (52%) and the
Tucannon River (36%). The Order Ephemeroptera was the second most,
abundant in Mill Creek (20%) and the Tucannon River (14%). “In Agotin
Creek, Ephemeroptera was the highest in term$ of abundance-(44%) and
Diptera was the s.cong most abundant (33%) (For a complete tabular
analysis including density and percentages of each organism identified in
each river see table 3:6.1.).

Figure 3.6.1. shows a comparison of benthic macroinvertebrate densities in
each of the study streams that were inventorled. The category, “rest”
includes Nematoda, Turbellaria, Mollusca, Hydracarina, Copepada,
Ostacoda, and- Amphibia.

Food availability was estimated for the Wolf Fork by taking the average, of
the numerical propertion of ‘each Order or Class of invertebrates identified in
Mill Creek, the Tucannon River, and Asotin Creek. Data .colleéted from cach
benthic sample frﬁm each stream is reported in Appendix D. ,




TABLE 3.6.7.

Comparison of summer benthic macroinvertebrate densities and the percent
of the total for each invertebrate identified (proportions less than 0.001 are
shown as <0.01}. Data is from Hess samples, July, 1991.

DIPTERA
Blephariceridae
Chronomidae
Chironomid pupe
Ceratopogonidae
Empididae
Pelecorhychidee
Empidae
Simulidae

Simulidae pupa
Tabanidae
Tipulidae

TOTAL DIPTERA

TRICHOPTERA
Brachycentridae
Glogsosomatidae
Hydropsychidae
Leptoceridas
Limnephilides
Philopotamidee
Rhyacophilidae
Trichop. pupa

TOTAL TRICHOPTERA

COLEOPTERA
Hydrophilides
Elmidae larve
Elmidae adult

TOTAL COLEQPTERA

PLECOPTERA
CHhlcroperiidde
Nemourides
Perlidae
Periodidae
Pteronarcyidas
TOTAL PLECOPTERA

EPHEMEROPTERA
Baestidee
Ephemerellidae
Heptageniidee
Leptophiebiidae

TOTAL EPHEMEROPTE:!

OLIGOCHAETA

TURBELLARIA

MOLLUSCA

HYDRACARINA

COPEPODA

OSTRACODA

AMPHIBIAN

MILL CREEX : TUCANNON RIVER ASOTIN CREEK
DENSITY % 19?7'* L BEMS%? 173 19:L DENSITY % OF
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Ephemeroptera . Rest {12.1%)

{19.5%) ‘ -Trichoptera (2.0%)

Oligochaeta (3.0%)

é!ecoptota 9.8%)
Coleoptera (1 .2%).. A
‘ i‘mpt‘ora (62.5%)

MILLCREEK

Rest (20.8%)
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1w
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oo Coleoptera

NJCANNON RIVER

- ‘ . Ep';::.e;:;‘," n%o%?t‘cn {3.3%)
m‘pipt_'era (32.6%)
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ASOTIN. CREEK
Figure. 3.6.1. Benthic macroinvertebrate density comparisons between

study streams, 1991.
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3.7 FEEDING HABITS

Juvenile bull trout and steelhead trout/rainbow trout were collected from Mill
Creek, the Wolf Fork, and the Tucannon River in the fourth week of July
and in the fifth week of August, 1 991 (See table 3.7.1. for collection dates
and the number of fish collected).

One adult bull trout (625 mm FL) was collected from Mill Creek on July 2,
two bull trout (325 mm and 470 mm FL) from the Wolf Fork on July 23, and
one adult bull-trout (373 mm FL) from the Tucannon River on August 27,
1991. The 328 mm buil trout collected from the Wolf Fork was the only
one of thase four fish that had any food items present in ‘it's stomiach. No
fish were collected from Asotin Creek due to the depressed popuiation in
this rivet.

Bull trout and steelhead/rainbow trout were also collected in 1990, which -
will be included in the diet analysis portion of this study.

In 1990, eight bull trout ( range, 275 mm to 560 mmFL), seven juvenile
rainbow trout, ‘and six adlﬂt rainbow tfout wére collected from Mill Creek-in
the thiird week of August.” All aiﬁht bull trout stomachs were empty. Two
adult bull trout (273 and 254 mm‘FL), one juvenite bull‘trout, and four
juvenile steelhead trout were collected on August 2, 1990, from the
Tucannon River. Seven juvenile staelhead trout and six aduft rainbow trout
were collected from the Tucannon River on October 2, 1990.
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Table 3.7.1. Juvenile fish stomachs collected from each stream, 1991.

STREAM & DATE B ULL TROUT RAINBOW TROUT ..
Mill Cr. July 25 10 10 .

Mill Cr., August 29 10 12’

wolf Fork July 23 e | "

Wolf Fork August .28 11 8
Tucannon R. July 24 10 9
Tucannon R. August 28 11 10

gt
i .

Information about each fish collected for stomach analysis is reported in
Appendix E {date of capture, fork length, frequency of occurrencs, nurpbar,
weight, and relative. |mportance of each food item). P

3.7.1. IﬂDEX OF RELATIVE IMPORTANCE

The principal foods of bull trout and steelhead trout/rainbow trout were
similiar as indicated by the Index of Relative Importance. While the principal
foods of bull trout and spring chinook salmon were dissimiliar as indicated
by the Index of Relative Importance. The percent by number, percent by
weight, and frequency of occurrence data used to calculate the index of
relative importance {IRl) is reported in tables 3.7.1.1. through 3.7.1.5. for
Mill Creek, Wolf Fork, and the Tucannon River, respectively.

Mill Creek. In July, 1891, the most important food item (IRl) found in
juvenile bull trout in Mill Creek was Plecoptera (48.2), followed by
Ephemeroptera (22.1). In August, 1881, the most important food item (IRl}
of juvenile bull trout in Mill Creek was Cotddae {45.4), followed by
Ephemeroptera (42.2). {see table 3.7.1.1). In July, 1981, the most
important food item (IR)of juvenile rainbow trout in Mill Creek was
Gastropoda {31.1), follwed by Ephemeroptera (18.1). In August, 1891, the
most important food item {IRl) of juvenile rainbow trout in Mill Creek was
terrestrial invertebrates (39.9), followed by Ephemeroptera (36.8) (See table
3.7.1.1.).




In August, 1990, the most important food item (IR}) of juvenile rainbow
trout in Mill Creek was terrestrial invertebrates (41.81, followed by Diptera
(8.1). In August, 1 991; the mostimportant. food item {IRl} af adult rainbow
trout in Mill Creek was Gastropoda (28.4), followed by terrestrial
invertebrates (21 .0) (See table 3.7.1.2.).

Wolf For&. in July, 1981, the most important food item {IRl) found in
juvenile bull trout in the’ Wolf Fork was Plecoptera (44.8), follwed by
Trichoptera ({22.8). In August, 1991, the most important food item (IRl) of
juvenile bull trout in the Wolf Fork was Ephemeroptera (26.51, followed by
Cottidae (23.6) (See table 3.7.1.3.). In July, 1891, the most important food
item (IRD) of juvenile steelhead trout in the Wolf Fork was Plecoptera (28.91,
followed by Ephemoptera (22.3). In August, 1981, the most important food
item {IRI) of juvenile steelhead trout in the Wolf Fork was terrestrial
invertebrates (34.0); followed by Ephemeroptera (33.8) (See table 3.7.1.3.).

Tucannon River. In July, 1981, the most important foed item (IRI) found in
juvenile bull trout in the Tucannon River ‘was Oligochaeta (38.21, followed
by Plecoptera (14.0). In August, 1891, the most important food item {IRI}
of juvenile.bull trout in the Tucannon River was Oligochaeta (15.5), followed
by Ephemeroptera (12.3) (See table 3.7.1.4.). In July, 1891, the most
important food item {IRI) of juvenile steelhead trout was Plecoptera (29.4),
followed by Ephemeroptera (24.6). In August, 1881, the most important
food item (IR} of juvenile steelhead trout in the Tucannon River was
Plecoptera {25.9), followed by Ephemeroptera (22.4) (See table 3.7.1.4.).

The mean index of relative importance for each food item of bull trout in
July and August., 1991 show#d ‘that Oligochaeta (26.8) was followed by
Diptera (12.0) in order of importahce. These values weére compared to those
reported in Bugert {1990) for spring chinook salmon. The most important
food item, of spring chinook salmon in the Tucannon River in the summer of
1989 was Coieoptera (38.9), followed by Ephemeroptera (29.2) (See table
3.7.1.4.).

The, most, important food item (IRI) of juvenile rainbow trout in Mill Creek in
August, 1980, was Coleoptera (45.41, followed by terrestrial invertebrates
(36.0). The most important “food item (IRl) of aduit rainbow trout in Mill
Creek in August, 1990, was Trichoptera (56.0), followed by Cottidas (27.2)
(See table 3.7.1.5.). '
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TABLE 3.7.1.1.

Diet comparisons and Index of Relative Importance (IR} for juvenile

bull trout and rainbow trout in Mill' Creek, July 27, 1991,

ORGANISM

DIPTERA
TRICHOPTERA
COLEOPTERA
PLECOPTERA
EPHEMEROPTERA
OLIGOCHAETA
NEMATODA
TURBELLERIA
COTTIDAE
TERRESTRIALS
LEPIDOPTERA
GASTROPODA -
UNIDENTIFIED PARTS

JUVENILE BULL TROUT {n = 10)

JUVENILE RAINBOW TROUT (n = 10)

% BY % BY FRED. % BY % BY FREQ.
NUMBER WEIGMT OCCUR. IRl NUMBER WEIGHT OCCUR. IR
13.33 0.24 08 0.88 3.84 0.03 0.2 2.
4.44 0.64 0.2 0.32 - 1213 1.43 0.3 3.37
1.1 1 0.1 0.14 1.28 0.02 0.2 0.7¢
16.67 30.19 0.3 6.01 3.21 3.36 0.5 6.32
43.33 0.66 0.3 2.71 36.16 8.41 0.3 21,76
5.65 0.26 0.2 0.37
37.82 0.69 0.8 19.28
2.22 0.01 0.1 0.14
1.11 16.06 0.1 1.
5.66 0.08 0.3 0.37 10.9 4.16 0.7 7.73
2.22 2.03 0.1 6.27 1.28 7.33 0.1 1.33°
0.84 75.39 0.1 37.34
3.33. 0.03 0.2 0.22 0.17: 0.4 0.45

0.64

Diet comparisons and Index of Rhléﬁve importance (IRl) for juvenile .
bull trout and rainbow trout in Mill Creek, August 28, 1991 .

ORGANISM
DIPTERA
TRICHOPTERA
COLEOPTERA
PLECOPTERA
EPHEMEROPTERA
OUGOCHAETA
NEMATODA
TURBELLERIA
COTTIDAE
TERRESTRIALS8
LEPIDOPTERA
GASTROPODA
UNIDENTIFIED PARTS

JUVENILE BULL TROUT (n = 10}

JUVENILE RAINBOW TROUT (n = 10)

% BY % BY FRED. % BY % BY FREQ.
NUMBER WEIGHT OCCUR. IR NUMBER WEIGHT OCCUR. Wi
3.46 0.44 0.4 2.62 4.03 1.2 0.42 3.82
0.89 0.3 0.1 0.43 2.37 6.49 0.6 3.17
1.33 1.14 0.26 1. 48
4.83 491 0.8 4.79 4.08 883 06 8.2t
91.37 4.28 0.8 42.53 ea.79 -8 083 a6 . M
0.6 0.02 0.17 ~* 0.28
3.45 88.39 0.8 46.61
4.83 0.77 0.4 2.78 16.17 88.1 0.83 39.39
1.38 1.01 0.2 1.19 2.62 11.28 0.33 6.8
0.5 1.22 0.08 0.16
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TABLE 3.7.1.2.

Diet comparisons and index of Ratative Ilmportance (IRI) for juvenile
and adult ‘rainbow trout in Mill' Creek; August, 1990.

ORGANISM
DIPTERA
TRICHOPTERA
COLEOPTERA
PLECOPTERA
EPHEMEROPTERA
OLIGOCHAETA
TURBELLERIA
COTTIDAE
TERRESTRIALS
LEPIDOPTERA
GASTROPODA
UNIDENTIFIED PARTS

JUVENILE STEELHEAD TROUT (n=7)

Ty

ADULT RAINBOW TROUT (n = 6)

% BY %BY FREQ. % BY %BY  FREQ.
"NUMBER- 'WEIGHT OCCUR. - {R! NUMBER WEIGHT OCCUR. IRI
13.16 7.39 071 8.3 "294 037 029 177
4.52 5.37 0711 4.16 1.48 1.48 0.29 1.8
041 1.13 0.14 0.62 S , ‘
2.47 7.76 071 4.07 2.94 1173  0.28 - 7.36
13.67 6.63 ! 7.63 2.96 022 043 177
0.41 0.24 0.14  0.23
0.74 14.03 0.14 ~ 7.33
49.38 82.18 1 41.84 28.68 13.06 0.86 20.96
0.41 3.62 0.13 1.66 _ o
- 0.74 56.93 0.14 28.43
1.23 3.48 0.38  0.46 0.74 0.06 0.14  0.48
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TABLE 3.7.1.3.

Diet comparisons-and Index of Relative | nportance (IRl) for juvenile
bull trout and steelhead trout in the Wolf Fork River, July 23; 1991..

JUVENILE BULL TROUT (n = 8) JUVENILE STEELHEAD TROUT {n=11)
%BY  %BY FREQ. %BY  %BY  FRED.

ORGANISM NUMBER WEIGHT OCCUR. IRt . NUMBER WEIGHT OCCUR. IRl
DIPTERA 9.37 018 0338 4.84 1218 1093 054 12.34
TRICHOPTERA 25.67 1972 0.63  22.91 23.24 2427 1 252
COLEOPTERA 0. 07 0.19  0.09 051
PLECOPTERA 1845 7257 053 4481 7.04 4825 027 28.85
EPHEMEROPTERA 34.38 2.5 0.88 18.49 32.39 9.57 091 2227
OLIGOCHAETA 141 0.24  '0.13  0.87
TURBELLERIA 155 0.07 0.18  0.85
COTTIDAE
TERRESTRIALS 3.13 1.83 026 2.4 8.46 199 035 <B.81
LEPIDOPTERA 155 0.02 0.13  0.84 | 141, 148 009 158
BIVALVE .07 0.02  0.09 0.42
UNIDENTIFIED PARTS 4.59 3.31 0.26 _ 3.98 4.23 155  0.36  3.26 |

Diet comparisons and Index of Relative Importance (IRl) for juvenile
bull trout and steelhead trout in the Wolf Fork River, August 28, 1991.

JUVENILE BULL TROUT In =11} JUVENILE BTEELHEAD TROUT {n = 9)
% BY % BY FREQ. % BY % BY FREQ.

ORGANISM NUMBER WEIGHT OCCUR. IR NUMBER WEIGHT OCCUR. IR
DIPTERA 23.56 3.75 0.82 13.85 5.3s 1.75 0.65 4.39
TRICHOPTERA 7.87 2.77 0.54 1.64 8.52 12.91 0.67 11.14
COLEOPTERA 2.42 9.42 0.27 6.95 0.43 0.43 0.11 0.49
PLECOPTERA 7.85 23.39 0.73 16.72 4.25 25.98 0.57 15.08
EPHEMEROPTERA 43.53 9.45 0.82 26.48 48.54 17.84 0.89 391
OLIGOCHAETA 0.51 0.89 0.08 0.78
TURBELLERIA
COTTIDAE 0.51 47.24 0.09 23.66
TERRESTRIALS 11.52 2.71 0.58 7.15 27.23 39.42 0.75 33.99
LEPIDOPTERA
HYDRACARINA 0.51 0.05 0.09 0.37
UNIDENTIFIED PARTS 0.51 0.28 0.09 0.4%
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TABLE 3.7.1.4.

Diet comparisons and Index-of Retative: importance (IR} for juvenile

bull trout and steelhead trout in thve Tucannon River, July 24,” 1991.

ORGANISM
DIPTERA
TRICHOPTERA
COLEOPTERA
PLECOPTERA
EPHEMEROPTERA
OUGOCHAETA
TURBELLERIA
COTTIDAE
TERRESTRIALS
LEPIDOPTERA
BIVALVE
UNIDENTIFIED PARTS

JUVENILE BULL TROUT (n =10}

JUVENILE STEELHEAD TROUT (n = 9}

% BY % BY  FREQ. %BY _ %BY FREQ.
NUMBER WEIGHT OCCUR. IRl NUMBER WEIGHT OCCUR. IRl
10.01 15.39 0.3 13411 T 1889 2.97 078 1017
1.76 0.87 0.2  1.89 14.29 9.97 0.89  12.39
2.54 0.05 0.2 1.42 1.95 2.23 033 222
7.08 21.1 0.4  14.04 6.84 53.49  0.55 . 29.85
j8.58 3.12 0.0 111 40.91 8.04 0.89  24.55
30.97 45.6 0.2 35.15
13 0.55 011 1.02

0.88 5.22 0.1 3.54

15.81 2.81 06  9.88 5.84 10.85  0.33  8.39
7.95, 1.48 02 474 5.4s 6.04 0.44 5.9
2.56 1.79 03 233 4.55 5.54 055 5.7%

Diet comparisons and fndex of ‘Relative: Importance (IRl) fér both juvenila
bull trout and steelhead trout in the Tucannon River, August 27, 1991.

_ORGANISM
DIPTERA '
TRICHOPTERA
COLEOPTERA
PLECOPTERA
EPHEMEROPTERA
OLIGOCHAETA
TURBELLERIA
COTTIDAE
TERRESTRIALS .
LEPIDOPTERA
OSTRACODA
AMPHIBIAN
UNIDENTIFIED PARTS

JUVENILE BULL TROUT (n = 10)

JUYENILE STEELHEAD TROUT (n = 9)

% BY % BY FREQ. % BY % BY FREQ.
NUMBER WEIGHT OCCUR. IRl NUMBER WEIGHT OCCUR . IR,
2143 1.24 -0. 10.83 8.1 2.1 0.6 5.39
14.29 258 0.3 7.9 17.11 5.93 05 . 124
1.79 0.73 0.1 1.21 0.9 ba4a7 €1 _ 074
8.93 2.81 0.6 6.54 9.01 41.74 0.7 25.89
2143 459 0.5 1227 37.83 5.78 08 2238
357 29.75 0.2 16.46
1.79 18.04 04  9.32 0.9 1708 0.1 9.1
12.S. 9.03 08 10.18 18.32 1465 ° 0.5 16.33
3.57 14.01’ 0.1 8.15 4.5 11.44 0.3 8.17
3.67 0.31 0.1 1.83
1.79 12.94 0.1 5.83
20 2.92 0.1 10.51
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TABLE 3.7.1.4. (cont.)

Diet comparisons between bull trout (mean IRl for July and August,
1991; taken from table 3.8.1.4., above) and spring chinook saimaon

collected in 1989 from the Tucannon River.

SPRING CHINOOK SALMON {n = 38}

%BY  %BY FREQ.

ORGANISM NUMBER = WEIGHT OCCUR. M
DIPTERA 9.7 2.5 19.4  8.01
TRICHOPTERA 4.2 5.9 6.5 4.22
COLEOPTERA 47.6 15.5 80.1 38.94
PLECOPTERA 9.9 4.7 33.3 1211
EPHEMEROPTERA 24.9 16.5 76 29.15
QLIGOCHAETA 0.7 3.7 2.8 1.82
TURBELLERIA
GOTTIDAE
TERRESTRIALS
LEPIDOPTERA )

UNIDENTIFIED PARTS 10.8 63 = 58 5.74

TABLE 3.7.1.5.

Diet comparisons between juvenile steelhead trout and adult rainbow

BULL TROUT

6.47

12.02
4.65
1.32
9.84

11.09
28.8

6.43
10.02
8.45

trout collected in August, 1989 from the Tucannon River,

JUVENILE STEELHEAD TROUT in=7)

- n
ADULT RAINBOW TROUT {n = 8)

% BY % BY FREQ. % BY %BY  FREQ.

ORGANISM NUMBER WEIBHT OCCUR. IRi INUMBER' WEIGHT OCCUR. IR
DIPTERA 0.65 0.02 0.17 055
TRICHOPTERA 5.98 5.96 057 3988 12.22 51.88 Q.83 58.03
COLEOPTERA 47.6 156  90.1 4641 8.34 0.08  0.17  2.68
PLECOPTERA 9.9 47 333 1411
EPHEMEROPTERA 1.09 2.55 0.14 1.14
OLIGOCHAETA 0.
TURBELLERIA 5.57 10.5 0.85  13.48
COTTIDAE 0.55 36.7 0.17 27.24
TERRESTRIALS 36.33 82.9 057  36.01
LEPIDOPTERA
UNIDENTIFIED PARTS 0.64 0.62 0.14 0.38
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3 72 DIEF OVERLAP

Since diet overlaﬁ calculatioins are based on the numerical presence or
absence of & particular organism, an&hat each organism can be eaten by
either speéigs, we calculated diet overiap for the lowest taxonomic level
possible. identification to the lowest taxonomic level was influenced by the
amount of digestion that had occurred prior to removal from the stomach.
Table 3.7.2.1. reports the diet overtap values between species for each
study stream and month for each taxa of invertebrate reoprted. The diet
overlag computations dre reported in Appendix E.

Diet overlap between juvenile bull trout and rainbow trout in Mill Creek was
0.81 for the month of July (Appendix E, table 19.), and 0.43 for the month
of August 1991 (Appendix E table 20). From this data we |nfer little to no
compefltlon

Diet O%dad‘betweenjuvenile bull trout and juvenile steelhead trout in the
Wolf Fork River was, 0.84 for the month of July {Appendix E table 21). and
0.84 fur the month of August, 1991 (Appendix E table 22). This data
implies that there may be competition for available food in this stream.

Diet overtap between juvenile bull trout and juvenile steethead trout in the
Tucannon River wes-0.39-for the month of July {Appendix E table 23}, and
0.61 for the month of August, 1991 (Appendix E table 24). From this data
wae infer little to no competition.

A comparison of the 1989 spring chinook salmon diet analysis on the
Tucannon River (Bugert 1990) to the 1991 bull trout diet analysis on the "~
Tucannon River showed a diet overlap value of 0.08 (Appendix E table 24).
From this limited amount of data, we infer no competition.

3.7.3. ELECTIVITY INDEX

Electivity indices, which indicate if a fish is selectively preying on a
particular taxa of invertebrates, were' calculated for juvenile bull trout and
steethaad: trout in Mill Crek, Wolf Fork, and the Tucannon River.

Benthic macroinvertebrate electivity values for juvenile bull trout and
steglhead trout in Mill Creek are listed in table 3.7.3.1. Electivity for bernthic
macroinvertebrates by juvenile bull trout was highest for Ephemeroptera.
(0.234) followed by .Plecoptera (0.069). Electivity values for rainbow trout -
in Mill Craek were highest for Ephemeroptera (0.183) followed by
Trichoptera  (0:031).
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Benthic macroinvertebrate electivity values for juvenile bull trout and
steelhead trout in the Wolf Fork are listed in table 3.7.3.2. Electivity for
benth,ic macroinvertebrates by juvenile bull trout was highest for Tﬂchoptara
(0.241 ),. followed by. Plecoptera (0.084). Electivity values for steelhead. :
trout in_ the Wolf Fork waere highest for Trichoptera (0.2331, followed: byf
Molusca (0,062),

s 8 g

Table 3.7.2.1. Diet overlap values between species for cach study .. ..
stream and month.
OVERLAP

SPECIES RIVER MONTH " VALUE '
Bull trout/Rainbow Mill Creek July, 1991 051 |~
Bull_Trout/Rainbow Mill Creak | August, 1991 0.43- .4
Bull trouit/Steelhead | Walf Fork  |July, 1991 | 0.82 .|
Bull trout/Steelhead Wolf Fork August, 1991 - 0.84 —

_ 7 - ; e —————
Buil trout/Steelhead Tucannon R. | July, 1991 039 - L
Bull trout/Steelhead Tucannon R. | August, 1991 0.61
Bull trout/Chinook | Tucannon R. 1991 - 1989 | 0.08 |

Benthic macroinvertebrate electivity values for juvenile bull trout and
steethead trout in the Tucannon River are listed in table 3.7.3.3. Electivity
for benthic macroinvertebrates by juvenile bull trout was highest for =~
Ephemeroptera (0.016), followed by Oligochaeta (0.014). Electivity values
for steelhead trout in the Tucannon River were highest for Ephemeroptéra -
(0.240), followed by Trichoptera (0.1171.

Benthic macroinvertebrate electivity values for spring.chinook salmon and "
steelhead trout in the Tucannon River were determined by Bugert (1990k:
and are reported in table 3.7.3.4. Electivity was highest by spring chinook
salmon for Chironomidae (0.671, followed by Ephemeroptera (0.87). -
Electivity val ues for steelhead trout in the Tucannon River, 1989, were
highest for Baetidae (0.491, followed by Nematoda {0.06).
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TABLE 3.7.3.1.

Mill Creek electivitiy indices for rainbow'trout.and bull trout. " = i
Benthic macrdinvertebrate densities were quantified:in the gut
and the environmentandsconw‘mrﬁdiinm percentages, July, 1991. =

DIPTERA ENVIRONMENT  TROUT: " INDEX TROUT ~ INDEX:
Chironomidw 0.498 0.0266 -0.47 0.0666 -0.44
Chironomid pupa . 0,007 0.111 0.104
Comtopogomdio 0.002
Empidides. . .. 0.001 ; , !
Po'ocprhvéﬁdio. ' 0.004 0.0218 0.018 0.0444 0.04
Empides - oo ,. .

Simakidae =~ --0.024 . 0.0111 0.012-. .
TOTALODIPTERA [ 0834 0.0474 . -0.487 [ 6.2227 0.312
TRICHOPTERA o

Brachycentrides 0.003 . —

Glodsosomstidas ' e 0.0064 - 00333 . .

Hydropsychidae 0.0128

Leptocéridae 0.008

Limnephilides Coe 0.0321 -

Rhyacophilidse 0.008. 0.0111 0.003
TOTAL TRICHOPTERA [  0.021 0.0813 .. 0031 ] [0. 0444 0.024
COLEOPTERA -

Carabidee - 0.0111

Gyrinidas. 0.0084 -

Elmides larva = | .0.012 -

Emidee adult 0.0064 o g
TOTAL COLEOPTERA 0.012 0.0128 0. [__oo0111 . 000t
PLECOPTERA

Chloroperiidae - 009 | 0.0111 -0.079

Nemouridse 8?& Lo e .. L

Perlidss S 0.0321 0.027 0.1856 0.16
TOTAL PLECOPTERA 0.097 00321 | 0.18667 - 0088
EPHEMEROPTERA

Bastidae 0.14 0.2372 0.098 0.3333 0.194

Ephemerellidae 0.027 0.0266 -0.001 0.0333 0.007

Heptageniidae N 0.033 0.0667 0.066 0.0667 0.034
TOTAL EPHEMEROPTER 0.168 0.3018 05,1;;._']5 [ 0.4333 0.234
OUGOCHAETA I 0031 ]

TURBELLARIA , , [[0.072722

MOLLUSCA ____0.061 |

COPEPOOA [—o-oa I

OSTRACODA [ 0.047 1 |

LEPIDOPTERA 0.0128 1 0.0222
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TABLE 3.7.3.2.

Wolf Fork electivity indices for steelhead trout and buf trout. .« -
Benthic macrqinvertebrate.densities were quantified in the gut and:
converted’ into percentage.: Invertabrate: density values are -the mean
value of Mill Creek, Tucannon, River, and Asotin Creek densities,

(see tables 3.8.3.1; 3.8.3.3, and 3.8.3.4.).

STEELHEAD  ELECTIVITY 6UU ELECTIVITY
ORGANISM  ENVIRONMENT _ TROUT INDEX TROUY INDEX
DIPTERA 0.399 0343 | -0.083 0023 | -0a78 .|.
TRICHOPTERA | .0.025 o.z_s,aLjJ, 0238 _ | L 0.266. i 0.241_ {
COLEOPT;RX ;.OA;S 0.063( | o.oshe | o016 | o028 |-
PLECOPTERA . 0.088 0.06 | -0.038 | 0.1719 I oou]
EPHEMEROPTERA|  0.266 0202 | o0.028 | | o343 | o.qﬁj |
oueo;HAérA [__oo3 0. — [ ‘0 “ - ]
Tuaa:éLLAﬁ;A | oaoz - ’ ] L ‘ ;).013 l - «om]
MOLLUSCA | o0.031 0.083 | ~o.§51 ] |
HYDRACARINA 0.019 | l I
copepopA [ 0.002 T ] r .
COTTIDAE | 003 L | |
LEPIDOPTERA - | 0.017 L 108 o Sl
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TABLE 3.7.3.3.

Tucannon River electivitly indices for steelhead trout, bull trout, and
spring chinook salmon. Benthic macroinvertebrate densities were
quantified in the gut and the environment and converted into 6éfé’entages.

DIPTERA ENVIRONMMENT TROUT INDEX TROUT ~  INDEX
Blephericeridse

Chironomidn 0.196 0.026 -0.17 0.036 -0.161
Chironomid pupa 0.196 0.007 -0.19

Ceratopogonidae 0.003 0.026 0.023

Empididee 0.02

Pelecorhychidae 0.033 0.033 0.009

simuliiw 0.068 0.068 0.063 0.063
Simulidee pupa 0.006

Tabanidae 0.001

Tipulidae

0.009 0.009
TOTAL DIPTERA [_UW_%GQ_I—-FW_] . . - . T -0.298 |

TRICHOPTERA

Brachycentridee 0.008 0.000 0.001
Glossosomatidae 0.006 0.033 0.027
Hydropsychidse 0.013 0.009
Leptoceridae 0.02
Limnephilidae 0.071
Rhyacophilidee 0.007 0.007
Trichop. pupa 8
TOTAL TRICHOPTERA [ %i 0.143 | a. vl l 0.018 ! 1’@! l
COLEOPTERA
Curculionidae 0.007
Elmidae larva 0.04
Elmidee adult 0.009
Amphizoidee 0.013 0.009
Amphizoidse pupe 0.
TOTAL COLEOPTERA
PLECOPTERA
Chioroperlidae 0.022
Nemouridae 0.067 0.007 -0.081 ]
Perlidas 0.009 o082 0.043 0.071 0.082
Periodidae
Pteronarcyidae
TOTAL PLECOPTERA o778 0.088 | A
EPHEMEROPTERA
Baetidae 0.07 0.26, 0.189 0.071 0.
Ephemerslliidae 0.033 0.013 -0.02 0.083 - 0.02
Heptageniidae 0.064 0.136 0.072 0.082 -0002
Leptophiebiidae 0.002 o )
TOTAL EPHEMEROPTERA L
OLIGOCHAETA ! 0.072 .
TURBELLARIA - T
MOLLUSCA | — - 1 ~ J
HYDRACARINA ) S ——— L —
COTTIDAE [ 1 2
LEPIDOPTERA f O.065 ; o008 —d




TABLE 3.7.3.3._(cont.) L
Tucannon River electivitiy indices for spring chinook salmon, 1989.
Benthi¢ macroinvertebrate densities were quantified in the gut

and the environment and converted into percentages (Bugert et al. 1990).

CHINOOK  ELECTIVITY

DIPTERA ENVIRONMENT SALMON INDEX

Biephariceridae

Chironomidae 0.014 0.048 0.036

Chironomid pupa

Ceratopogonidae

Empididde

Pelecorhychidae

Simulidae 0.002 0.036 0.034

Sciomyzidee - 0.002

Tabanidae

Tipulidae
TOTAL DIPTERA { 0.018 0.086 | 0. 067 |
TRICHOPTEAA

Brachycentridae 0.061

Glossosomatidae 0.013 0.007 -0.006

Hydropsychidae 0.011

Leptoceridae

lenophiﬁ"dac - 0.002 0.01 0.008

Rhyacophilidae 0.008

Trichop. pupa _
TOTAL TRICHOPTERA [ 0.098 . | _0.078 ]
COLEOPTERA

Curculionidas

Elmidae larva 0.033 0.048

Elmidae adult 0.008 0.104

Amphizoidse

Amphizoidae pupa
TOTAL COLEOPTERA [ o.101 o8 [
PLECOPTERA

Chioroperiidse 0.044 Q.014

Nemouridae

Perlidae

Perlodidae 0.112 0.086

Pteronarcyidse
TOTAL PLECOPTERA [ 0.188 —0.088 [
EPHEMEROPTERA .

Baetidae . © . 0.063 0.087 -0.006

Ephemerailidas 0.037 0,182 0.166

Heptageniidas 0.082

Leptophlebiidae

TOTAL EPHEMEROPTERA [ 0.182 0249 [ -

OLIGOCHAETA [ C.08Y ;

MOLLUSCA [—o.028 o]
HYDRACARINA ooz 0 l
COTTIDAE l ]
LEPIDOPTERA L 0 0GR |
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3.7.4. RANKING OF PREFERRED FOOD ITEMS FOR BULL
TROUT, STEELHEAD TROUT, AND SPRING CHINOOK
SALMON.

Ephemeroptera, terrestrial invertebrates, Gastropoda, and Trichoptera were "
the organisms most preferred, in that order, by juvenile rainbow trout in
July, 1991, in Mill Creek (see table 3.7.4.1 .). Ephemeroptera, Piecoptera,
Diptem, and Cottidae were the organisms most preferred, in that order, by
juvenile bull trout in July, 199%, in Mill Creek (see table 3.7.4.2.).

Trichoptera, Ephemeroptera, Diptera, and Plecoptera were the organisms
most preferred , in that order, by juvenile steelhead trout in July, 1991, in
the Wolf Fork (see table 3.7.4.3.). Trichoptera, Ephemeroptera Plecoptera,
and parts were the organisms most preferred, in that order, by juvenile bull
trout in July, 1991, in the Wolf Fork (see table 3.7.4.4.).

Ephemeroptera, Plecoptera, Trichoptera, Diptera (tie), and terrestrial
invertebrates (tie) were the organisms most preferred,. in that order, by
juvenile steelhaad trout in July, 1991, in the Tucannon River ($ee table
3.7.4.5.). Ephemeroptera Oligochaeta, Piecoptera, and terrestrial
invertebrates were the organisms most preferred, in that order, by juvenile
bull trout in July, 1991, in the Tucannon River (see table 3.7.4.6.).
Coleoptera, Ephemeroptera, and Plecoptera were the organisms most
preferred , in that order, by juvenile spring chinook salmon in the summer of
1989, in the Tucannon River (Bugert 1990) {see table 3.7.4.7.).
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TABLE 3.7.4.1. Ranking of preferred food items for juvenile rainbow trout
collected from Mill Creek, July, 1991.
ELECTIVITY
RANK % QCCURRENCE % NUMBER % WEIGHT INDEX.
" Nematoda Nematoda Gastropoda’ Nematoda .-
2 Ephgmefé‘ﬁfara 1 Ephsmeroptera Ebﬁm&r_opgdra ,Ephemeropt@
Teﬁostrials Terrestrials N@itoda Trichopto’ra |
FOOD ITEMS -, POINTS RANK

Nematoda 10 1
Ephemeroptera a 2
Gastropoda 3
Trichoptera 4

TABLE 3.7.4.2.  Ranking of preferred food items for juvenile bull trout

collected from Mill Creek, July, 1991.

ELECTIVITY
RANK % OCCURRENCE % NUMBER % WEIGHT INDEX
1 Ephemeroptera Ephemeroptera Plecoptera Ephemeroptera
2 Diptera Plecoptera Cottidae Plecoptera
3 Plecoptera Diptera Lepidoptera Trichoptera
FOOD ITEMS POINTS RANK
Ephemeroptera 9 1
Plecoptera a 2
Diptera 3 3
Cottidae 2 4
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TABLE 3.7.4.3. . Rankingof prefertdd food itema for juvenile steslhead:: =
© i trout coltectsd fram:-the Wolf Fork, July, 1991.

v ELECTIVITY
RANK % OCCURRENCE -%-NUMBER' 2. % WEIGHT . - IND%

1 - Trichoptera __ |- Eph‘émerdiptatafs "*::-}s:‘Plecopgara - Trichoptera

2, Ephemeroptera Trichoptera | ~ Trichoptera |- - Nematoda
3° | .- Diptera - Diptera Diptera - Mollusca, ]

FOOD ITEMS POINTS RANK .
Trichoptera 10

Ephemeroptera 5

Diptera 3
. Nematoda 2

A w [ |-

TABLE 3.7.4.4. Ranking of preferred food items for juvenile bull trout

. . 4 "
N Whgt

ELECTIVITY
RANK % OCCURRENCE % NUMBER % WEIGHT INDEX

_Ephsmeropters .| Ephgmeropters | * Piecopters. | Trichopters

- Trichoptéra - | - Diptera | Unidentified ‘Ehemeroptera |
g o I Suape - Parts

FOQQ ITEMS POINTS - RANK
‘Trichoptera | 8 . | 1

: B 2 (o)
2 (tie)

Ephemeroptera
- Plecoptera

H

Diptees .

- I~ I
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TABLE 3.7.4.5.

-Ranking of prefarred.food item38 for juvenile steslhead

trout collected from the Tucannon River, July, 1991.

ELECTIVITY
RANK , ‘.% QECUBRENCE % NUMBER. . - 9% WEIGHT. . . INDB(
1’ , —PMecoptera -} .Ephemeroptara vPlu’:opte_ra Ephom'oroptora'
2 _Ephemeroptera .| . Diptofa » Tetrestrials _ Trichoptera
3. _Yrichoptera __Trichoptera Trichoptera Nematoda
FOOD ITEMS POINTS RANK
Ephemeroptera 8 |
! Plecoptera 6 2
Trichoptera 5 3
Diptera 2 4 (tie)
Terrestrials 2 4 (tie)

TABLE 3.7.4.6.

e

collected from the Tucannon Rlver, July, 1991.

ELECTIVITY- © =

RANK % OCCURRENCE __ % NUMBER . ;,&%,GHT o INDEX
1 Ephemeroptera | Oligochasta._| . Ofigochasta | Ephemeroptera
2, _ Teerestrial . . | Ephemergptera -Plecoptera Trickioptera
3 Plecoptera _: Terrestrists Diptera Coleoptera

FOOD ITEMS POINTS RANK @7

Ephemeroptera 8 1
Oli_goom‘ 4 . 2
Plecoptera 3 3 (tie)
Terrestrial 3 3 (tie) -




TABLE 3.7.4.7. Ranking of preferred food itéms for juvenile spring
chinook salmon collected from the Tucannon River,
sumimer, 1989 (Bugert 1990). -

ELECTIVITY

RANK % OCCURRENCE __ % NUMBER % WEIGHT INDEX
: Coleoptera _ | Colddpters | Coletiptéra’ |  Diptera

2|, Ephemeroptera EP""“"“E!&' Ephemeroptera | Ephemeroptera

3 | _ Plecoptera | Plecoptars Plecoptera__| - Nematoda

_FOOD [TEMS ____ POINTS RANK

Coleoptera 9 '
| Ephemeroptera | 8 2 1
|_Pesapteca 3 3
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3.8 FISH MOVEMENT AND MIGRATION. ..

Elghteen adult bull trout were capturad in the anadromous fish trap located
on the Tucannon River at the Tucannon fish hatchery. One of the 18
tagged bull trout bled immediately from the tag injection wound and was
later found dead at thé-trap. All other'tagged fish showed'no signs of
bleeding or distress and immediately moved upstream following release.
Three of the tagged fish (#00041, #00047, and #00021 5) were caught’by
anglers in'the Tucannon River. The first two fish were tagged ‘on 3'June,
and 5 June,- 19;3;9,@@:1 the third fish was tagged on 3 Juie, 1991. All three
fish were tagged at the fish trap (Rk 62.0) and released upstream. Capture
dates and river kilometer (Rk} locations were 5 July, 1990 immediately
above the Little Tucannon River (Rk 74.5), 14 July, 1990, 0.5 kilometers
below the Little Tucannon River (Rk 74.5), and 30 June, 1991 one kilometer
up Panjab Creek which enters the Tucanaon River &t Rk 77.5..

The tagged fish (#00041) moved upstream 12.6 Km in 32 davs, the second
fish (tag # 00047) moved upstream 12:4 Km in 34 days, and the third fish
(tag # 00215) moved upstream 16.5 km in 27 days, The average distance
traveled per day was 0.46 Km, with a minimum of 0.36 Km per day and a
maximum of 0.61 Km per day.

Another of the tagged fish (# 00463, about 60 cm in total length) was
observed constructing a redd immediately below Bear Creek in the Tucannon
River (Rk 90) on 6 September 1991. The tag date was 11 June 1991. The
fish remained above the hatchery trap for 88 days before spawning, at
which time it was observed constructing a redd that was 122 cm wide by
213 cm long. On this redd there were’ four other bull trout, with estimated
total lengths of 30, 35, 38, and 50 cm. The other 14 tagged fish were not
relocated.

No bull trout were captured at the trap in the fall or winter of 1991-92,
which indicates that the trap was ineffective at trapping downstream
migrating bull trout in the Tucannon River. All fish movement information
collected in presented in Appendix F.

3.9 AGE

Data recorded for each fish collected for age determination and values for
the average percent error, coefficient of variation, and index of precision are
presented in Appendix G.

The average percent error was zero between readings of bull trout otoliths

for ages 0 and 1. Average percent error for age 2 bull trout collected from
Mill Creek, Wolf Fork, and the Tucannon River was 0, 0.024, and 0
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respectively.. The average percent error for age 3 bull trout was 0.017 for
Mill Creek, 0.104 for the Wolf Fork, and 0.07 for the Tucannon River. The
average percent error for age 4 bull trout was 0.03 for Mill Creek, O for the
Wolf Fork, and 0.03 for the Tucanpon River. The average percent error for
age 6 bull trout was 0.088 for éroek 0 for the Wolf Fork, and 0.024 for
the Tucannon River. The average percent error for age 6 bull trout was
0.078 for"Mill Creek, O for the Wolf Fork, and 0.078 for the Tucannon River.

Prior to making any intetgtream comparisons of age, .a &- -way ANOVA (a
= 0.01) of the degree of precusnon index of age reproducibility was made
(Appendix G). This was necessary to make certain that Mﬂaistency was
maintained between streams for the age’ analysus The dm used in the
ANOVA is presented in- k@ewnmx G.

A length frequency histogram was constrycted for bull trout and steethead
trout collected from each stream to corroberate the age data with (see
figures 3.9.1 through 3.9.4). Only data cellected in 1991 was used for
steelhead trout, but both 1990 and 1991 data was used‘fnl‘ bull trout.

Using only 1991 data resulted in poor modes in the length freqguency
histograms due to small sample size.” By combining both 1990 and 1991
frequency data, modal peaks became evident in the distribution and
therefore allowed differentiation of age classes through the first 3 years {0+
through 2+ ¥ This was not necessary for steelhead trout as sample size
was large enough to exhibit clear modes in the histogram.

A length—at-age histogram was also construct&d for both bull trout and
steslhedd trout to allqw.for: -gomparisons of the two age determination
methods (see figures 3. 9.1 ﬂtfotfdh 3.9.4). Scales were collected from
steelhead trout and were used to ‘construct the histograms for this species.

at ! -the-Teigth frequency histogfam have been made
ach ‘7bl§ckets around each age dlsg‘ﬁution in the histogram. Bracket
placemem ‘wils determifed by. examining modes in the' matpgram and then

by ad]ustmg the placemant ‘based on tha dverage fork 1a Jor each age

class as reponed in the lpngth a age hlstograms

The mean. fork length and range for bull wout as d&mined by the above -
method, is reported in tablé'3.9.1 for ag#s 0+ through 2 + . The 3+ age
class was determined by averaging the fbd( length of afl age 3 + buII trout
that were reported in Apgendix G (otolith  fnethod).

The mean fork length and range for steelhgad trout as determined by the
above method, is reported in table 3.9.2. for ages 0 + through 3 +.
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Table 3.9.1. The mean fork length (mm) and range of fork lengths for

each age class of bull trout in each stream for 1990 and

1991.
BULL TROUT
AGE: 0+ AGE: 1+ AGE2+ AGE:3+
‘ MEAN FORK MEAN FORK MEANFORK MEANFORK
HIVER} .L@GTH (RANGE} LENGTH (RANGE) LENGTH (RANGE). LENGTH (RANGE)
Mill Creek - 56 (30-70) 110 (90-130) 160 (135-190) | 235 (199-270)
| (n=91) in~ 98) __in=84) (n=5)
Wolf Fork | . 55 (35-80) 106 (85-116) | 16561120-1856) | 170 (165-175)
(n=26) (n=25) n=38) | =2
TucarinonR.{ 45 (30-66) 90 (70-110) | 145 (118-178) | 198 (168-225)
L (n=21) _(n=210 {n=23) (n=2)
asotnge | - _ 183 _
Table 3.9.2. The mean fork length (mm) and mnge of fork length for each
age class of steelhead trout and stream for 1 SSO and 1991.
STEELHEAD TROUT
AGE: 0+ AGE: 1+ AGE:2+ AGE: 3+
MEAN FORK MEAN FORK MEAN FORK MEAN FORK
RIVER LENGTH (RANGE) LENGTH(RANGE) LENGTH (RANGE) LENGTHRANGE)
MifF Cresk 70 (30- 125(108-146) 170 (160-1 85) 210 (190-235)
100){n=72) n=41) (n-41) {in=19)
WoltFork 65 (30-90) 110(95-1201 150 (126-175) 205 {180-225)
{n=72) (n-391 {n=89) {n=20)
TucsnonR..| 86 (30-85) 110(70-130) | 186 (135-176) | 206 (180-225)
(n-13) (n=64) {n=28) (n=12)
AsotinCr. 50 (30-85) 120 (70-1 70} 200 (176-216) 240 (220-250)
{n=75) (n-311) {n=37) (n-4)
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3.10. CONDITION

Condition factor (Kflj data, calculated using fork length, was collected from
all ‘bull trout and steelhead trout captured during’ electrofishing surveys and
stomach Collection. Site specific K{fl) wera calculated for both young of the
year and juvenile bull trout and steethead trout. The mean K(fi) for each
species was détermined for each habitat type to determine habitat specific
condition facto& Site specific K(fi) values for aduits of both species were
excluded from this exercise due to the. increased rate of growth in terms of
weight after their mir@m Wa felt that the presence or absence of adult
fish in specific habmt types would skew the data and. bﬁicure the results.
The mean cembined Kifi} for YOY and juvenile age classes for each
electrofishing site surveyed on each stranm is reported for bull trout and
steelhead trout In tables 3.10.1 . through 3.10.4.

Habitat specific condition factors were determined for young of the year and
juvenile age clasges for both species and reéported them in.table 3.10.5.
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Table 3.10.1. Site specific mean condition factors (Kfl) for
each species sampled in Mill Creek, 1991:

L Mean Kfi.{S.D,} -Byll Trout  Mean KR (S.D.},, Rainbow, Trout
SITE# _ HABITAT Syl Trout _ Sample Size  Rainbow Trout _Sample Size
1 Scour Pool _ 1.00(0.10 12 1.24 (0.17) 10 ‘
— 2 Ren’ 101 (001) - & . o
. 3. " Riffle - -1.1810.30) .21 1.0910.08) 3
5 Plunge Pool . - =
8 . ScourPool .1.02(0.12) .8 - 1.07 {0.22) - 15 ;
7 _Riffe_ 0.94(0.22) 17 1.25 (0.17) 9
8 Cascade 03 (0.10). . 20 1.2803% 11
9 " Riffle '1.01 (0.09) ™ 18 1.16(0.14) B8
r__;-é‘abéédé ' 1.05t0.08) 11 1.15 (0, H')’" < B
Run 108 (0.08):- 5 R R
12 Scour Pool 1.12 {0.10) 7 1.24 (0. 11) 7
13 . Riffle - 1.17{0.13): 13 1184010, e 0 8
14 . Plunge Pool - 1.06 (0-07) 5 - 3.23.(G.08) - - & .
15 Cascade 0.98 (0.02) 3 1.17 (0.29) 11
16 Run 0.78 10.39) 2 1.16 {0.09) 9
17  Plunge Poo! 0.94 {0.03) 3 1.07 (0.24) 20
18 Rime 1.01 {0.06) 5 1.25 {0.13) 11
19 scour Pool - 1.17 (0.07) 11
Table 3.10.2. Site specific mean condition factors (Kfi) for
each species sampled In the Wolf Fork, 1991.
MEAN Kfl (S.D.) Bull Trout MEAN Kfl {§.D.) Steethead Trout

SITE # HABITAT Bull Trout Samnle Size Steelhead Trout Sample Size
1 Scour Pool!  1.01 (0.04) 4 1.26 (0.05) _
2 Run 1.06 (0.44) 8 1.34 (0.061 4 |
3 Riffle 1.11 (0.40) 11 1.34 (0.10) 3 l
S Plungedieo]  0.82 (0.02) 3 1.27 10.15) 3
6 PlungePool 1.12 L 1.33 {0.13) 11

t 7 Cascade 1.08 (0.051 4 1.24 (0.14) 11

[ a Run 1.22 (0.30) 2 1.29 {0.14) 13

1 9 Riffie +,08 6 1.16 (0.11) 10
10 Scour Pgol  1.17 {0.06) 3 1.26 {0.10) 23
1 Scour Pool 1.18 {0.11) 11 1.38 (0.24) 3
12 Rime 1.30 1 1.1370.42) 6

| 13 cascade -- 1.2 (0.12] 8
14 " Run 1.25 1 1.18 (0.10) 17
16 Plunge, Pool - |
16 PlungePool - 1.04 {0.15) 4 I
17 ScourPool - 1.21 {0.19) 38
18 Run 1.01 1 1.19 {0.19) 18

{19 Riffle 1.17 102141 12

| 20 Cascade 1.25 (0.12) 12
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ngunsma Site specific- mean conditon factors (Kfi) for
each opec"lbs wmm in the Tucahnon River, 1991.

Steelthead

SITE # HABITAT

MEAN Kfl (S.D.} Bult Trout

MEAN Kft (S.D.)

Bull Trout Sample Size Steethead Trout Sample Size
1 Cascade ___0.98 (0.10) 3 0.98 (0.22) 5
— 3. Run___ 0.92.(0.30) 6 1.14 1
3 wm 0.89 1 1.19(0.25) 4
4 ScourPog/ 0.98(0.08)° 5 1.18 (0.04) 4
5 Rim Y 1.17 (0.37) 3 1.22 (0.12) 8
6 ~ - ' -
7 Plumi’ool RN 1 1.19 (0.13) 9
8 Run 0.96 (0.04) 2 1.16 {0.07) 5
9 Cascade 0.9 1 1.14 L
10  Scour Pool 1.11 (0.20) 4 1.21 (0.08) [
11 Rurt — 1.21 (0.10} 4
12 Scour Pool 1.02 (0.08} 5 1.17 (0.09) 8
13 . Riffle - 0.97 (0.02 6 - ;
14 Cuscade ~ 1.27(0.02) 2 1.18 1
18 Plunge Pool _1.05 (0.13) 3 1.12(0.,17) 8
16 Run-. 1.1 (0.21) 8 119 (.06} 17
17 FRiffie 1.89 1 ¥ (0.20) 3
18 Plunge Pool 1.06 1 1.15 (0.04) 5
19 Cascade 0.9(0.29). ... 4. 1.14 (0.16) 3
20 _ScourPool , .01 (0.10) 4 1.27.(0.12) 9
Figure 3.10.4. ~smspoclﬂc mean condition factors (Kfl) tor
each species sampiéd in Asotin Creek, 1991,
MEAN Kfi MEAN Kfl Steelhead Trout
‘ (8.D.)
SITE#  HABITAT Bull Trout Stesihead Sample Size
: ; Trout
0.5 _ . 1.1810.12) . n= 17
1_ — 118(012) __n=17 ]
2 1.17007)  n =7 .-
3 — 1.69(064)  n= 17"
4 1.456(0.100__n=9
] — 1.11(0.14) n = 11|

77




Table 3.10.5. Mean habitat specific condition.factors for young-of-the-year
ad juvenile bull trout and steelhead trout for each of the 4
study streams, 1991. Sample size (n) is also reported.

. MILL CREEK
HABITAT TYPE BULL TROUT . STEELHEAD TROUT
Plunge Pool 1.01{n = 8) 1.15 {n = 24)
Scour Pool. 1.04 (n = 27) 1.18 (n = 43)
‘Run 1.04 (n = 16) 1.19 (n.= 10)
Rifflsa 1.07 (n = 37) 1.214{n = 37) -
Cascade 1.03 (n = 34) 1.21 (n = 27)
WOLF FORK
HABITAT TYPE BULL TROUT STEELHEADTROUT
Plunge Pool 1.08 (n = 3) . 1.31 (h = 186)
Scour Pool 1.14 (n = 18) "1.24 (n = 67)
Run 1.11in=9) 1.22 {n = §2)
Riffle: 1.12(h = 17} 1.18 (n = 29)
Cascade 0.95(n = 7) 1.20 {n-= 34)
TUCANNON RIVER
HABITAT TYPE BULL TROUT STEELHEAD TROUT
Plunge Pool 1.04 (n = 4) 1.16 (n = 286)
Scour Pool 1.03 (n = 18) 1.22 (n = 26)
Run 1.0(n = 14) 1.19 (n = 27)
Riffie, ... 1240 = 10} 1,22 (n.= 9
Cascads 1.0 (n = 101 107 (n =10)
ASOTIN CREEK
HABITAT TYPE BULL TROUT STEELHEAQ TROUT
Plungg_Fbol L e 1.18 N
Scour Pool - L Y= 1.46
Rp,___ L gt 1,13
" Ritfie 1.59
Cascade. 1.18
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3.11. GROWTH

Changes in weight in relationship to length were plotted on a graph and eye-
fitted regression lines were drawn through the points repr9§éntmg ages 0+
through 2 + , and ygar classes beyond 2+ for all bull trout pollected (Fig.
3.11.1.). The length at age 2 + values were reported in geg¢tion 3.10 Age,
for bull trout and were used in this exercise. The data used to quantify
changes in weight with length |s presontsd in Appendix i .«

The longest (fork length), age 2+bull frout collected from each stream was
1 90mm, 1801, and 170 mm, for Mill Creek, Wolf Fork, and the Tucannon
River, respectively. At age 2 (third. summer of growth) the fish show an
accelerated increase in weight with respect to length in each of_the study
streams.

The slope of the régréssion fifig drawhy thirotigh the length-weight data for
each life stage of bull trout shows that through their third summer of
growth, bull trout w. glght increases at a rate of 0.59 in Mill Creek, 0.44 in
the Wolf Fork, and0.5% i the Tucannon River (see ﬁguroa, 11.1.). From
this data we infemthat " through their third summer of groveth, the weight of
bull trout in Mill Creek increases at a faster rate in relatloﬁship to féngth than
in the Wolf Fork or Tucannon Rwer

The slope of the regression line drawn through the Iengm -weight data for
bull trout oldet than 2 + , shows that weight increases at a rate of 2.36 in
Mill Creek, 1.36 in the Wolf Fori( and 2. 20 in the Tucannon River (see
figure 3.11.1.). From this data we infer that after their third summer of
growth, the weight of bull trout in Mill Creek increases at a faster rate in
relationship to length than in the Wolf Fork or Tucannon River, but
acknowledge that the amount of data for these older fish is limited in each
river.
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Bull trout collected from Mill Creek !
o 100 . . 200 .. 300
} Pork Length (mm)
{
© Bull trout collected from the Wolf Fork River. |
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Figure 3.11 .1 Weight-length relationships for bull trout collected from
each of the study streams in 1991. The regression
lines have been fitted by eye.
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3.12. SPAWNING GROUND SURVEYS

Stream distances of 6.3, 8:.%, and 7.1 river kilometers were surveyed in Mill
Creek, Wolf Fork, and the Tucannén River, respectively, for bull trout redd
construction. The survey reaches include all bull trout spawning areas in
g@ach stream, including tributaries. Redds were easily identified by their
typieal morphology and recently cleansed gravel. The same reach of eagh
stream_ was surveyed in 1990 and 1991 except for 2.2 kilometers in the
Tucannon River (see appendix J, for temporal and spatial distribution of bull
trout redds in each of the study streams for 1980 and. 1991). This 2.2
kilometers of river was not surveyed in 1990 until November 8, well after all
other surveys were concluded. Thirty eight redds were observed prior to
November 8th on the Tucannon River. This compared poorly to the 66 and
49 redds observed in. Mill Creek and the Wolf Fork, respectively. With this -
Information we felt that the fish had not yet spawned or that we had not
ascended the stream far enough to find them (the latter was the case), The
year end total number for the Tucannon River included the 22 redds
observed after November 8th, and therefore appears to be misleading.

The following tables (Tables 3.12.1. and 3.12.2.) report the ad]ustdp survey
date and the number of redds obseérved on-that adjusted date, a8 wéll as the
year-&d total-number of redds. The adjusted-survey date is rep&ted due to
individual stream survey dates differing {(we couldn’t survey 3 streams in
one day). For a complete list of the redd number, stream location, landmark
proximity, and survey. date refer to appendix J. Appendix J also reports the
number and date of sprinq chinook salmon. reddconstructlon in the
Tucannon River for 1991, as well as the mean nl.;mber and !ocatlon of redds
in the Tucannon River for 1985 through 1991 {Mende!, WDF personal
communication 1991). (

3.13. REDD cuAnAcn-mu TION

The average length and width for bull trout redds constructed in Ml!l Creek
were 1.62 and 0.87 meters, respectively in 1'990, and 1 .58 and 082 .
meters, respectively in 1991. The average length and width for buII trout
redds constructed in the Wolf Fork were 1.37 and 0.67 meters, respectively
in 1990, and 1.98 and 6.86 meters, respectively in 1991. The average
length and width for bull trout redds constructed in the Tucannon. River wm
1.62 and 1.05 meters, respectively.in 1990, and.1.90 and Q.87 meters,.
respectively in 1991 .The average bull trout redd surface area was 1Al .m?2
(1 999 Mill Creek), 0.92 mZ (1996 Wolf Fork),, 1.70 m2 (1990 Tucannon
River), 1.30 m2 (1991 Mill Crgek),.1.70 m2 (1991 Wolf Fork), and 1.65 m2
(1991 Tucannon River) (See tables 3.13.1. and 3.13.2.).

81




Table 3.12.1. Spawning ground susvey date, number of redds obssrved on
survey date and density (#/Km), and year-end total number
of redds constructed bybuii trout in each stream, 1990.

RIVER 9. SN1 920 927 _10/3 108 _ 10/26 _ 11/8 _ TOTAL

Mill Creek o) - | ~0t0) | 32(8.1) | 18(2.5) - 18(2.8) | o) | ot0). | 68(10.5)
WoltFork | 9(1.8) | 11(2.2) | 9(1.8) | 9(1.8) | 9(1.8) | 2(0.4) 0t0) 0101 | 49(9.8)
Tucannon R. | 00 o | 9(t.3)-1 9(1.3) | 3i0.4 | 310.4 | 8(1.1 | 50.7) 8.5) |

Tabile 3.12.2. Spawning ground survey data, number of redds and density:
(#/Km)observed on survey date (density), and ysar-end total::.
number of redds constructed by bull trout in each stream;
1991.

RIVER 9/6 9/14 9/23 1051016 total

Mill Creok | 10(1.8) | 12(1.9 } 12(1.9) | 801.3) [ 11 (1.0 | 6618.7)

4 WoltFork | 1427 | 1835 | 8(1.8 |13(28) | 3(06) | 56(11.0)
TucsnnonR. | 701.00 | 1821} 2280 | s08 | 9013 | 671801 )

The average water depth in the bowl of each’ of the characterized bull trout
redds was 0.25 m, 0.31. m, and 0.21 m -in Mill ‘Creek, the Wolf Fork, and
the Tucannon River for 1990, raspectively. Year to year comparisons of * '
substrate utiltzation can not be ‘made bacause we changed the substrata size
classes for 1991. In 1990, substrate utilized in the bowl was mainly 0.1 to
1 inch (0.04 to 2.54 cm) in diameter for all 3 streams; 50%, 38% and 40 %
for Mill Creek, Woif Fork, and the Tucannon River, respectively. in 1991,
substrate utilized in the bowl was mainly 1/2 to 2 1/2 inches (cobble) (1.27
to .35 cm) in diameter for all 3 streams; 36%, 42%, and 38% for Miii
Creek, W&f Fork, and the Tucsnnon River, raspectively (See tables 3.13.1.
and 3.13.2.).

in 1990, substrate utilized in the tall was mainly 0.1 to Yinch in (0.04 to
2.54 cm) diameter for all 3 streams; 61%, 44%, end 42% for Mill Creek,
Wolf Fork, ‘and the Tucannon River respectively. in 1991 substrate utilized
in the ‘tail was mainly 1/2 to 2 1/2 inches {cobble) (1.27 to 6.35 em) in
diameter for all 3 streams; 568%, 43%, and 61%, for Mill Creek, Wolf Fork,
and the Tucannon River, respectively (See tables 3.15.1. and 3.13.2-L
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Bull trout redd location in both 1990 and 1991 was almost exclusively in run
habitat; 58% & 90%, 91% & 79%, and 100% & 85%, for Mill Creek, Wolf
fork, and the Tucannon River in 1990 and 1991, respectively. The
remaining redds in:-sach: stréam were located in the tail section of pools

(See tables3.13.1:and  3.13:R).

The proximity to hiding cover varied greatly from redd to redd and stream to
stream; bull trout seemed to use what was available. However, overhanging
vegetatlon was the predommant type of hiding cover for bull trout redd
location. Tli,é average distance to overhanging vegetation from the redd
was 0.74, 0.93, and 0.96 meters for Mill Creek, Wolf Fork, and the
Tucannon River, fespoqﬂve!v in 1990 -The average distance in 1991 was
0.26, 0.84, and t.49 meters, for Mill Creek, Wolf Fork, and the Tucannon
River, respectively (See tables 3.13.1. and 3.13.2.). The summarized 1990
and 1991 redd characterization data can be found in tables 3.1 3.1and
3.13.2, respectively.
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Table 3.13.1. Physical characteristics of every third bull trout redd in each

stream (1990), values are averages (standard deviation):

PARAMETER

" DIMENSION Length (m) [

o Width (m)

WATER DEPTH Bowlim) |-

Tail (m)
Side (m)

BOWL SUBSTRATE
.1 -1 inch
1 -2inch
2 - 3inch
3 -4 inch
TAIL SUBSTRATE
1 -1inch
1 -2inch
2 - 3inch
3 -4inch

HABITAT TYPE

PROXIMITY TO COVER {m)
Deep {>30cm)
Overhanging vegetation
Large organic debris
Undercut bank

Turbulence

" Wolf Fork Ml Cresk  TucennonA.
in=11) in="12)" " M=5
1.37 (.62} | 'fi62‘ .41) | 1.82(.23)
067 (.1'95""" ‘ .87 g’.39} o 1.05 (.23)
76 1.13) 31 (.08) 51 .08

.2 (.02) A5 .04 ] .09(.01}
.2 (.08) .23 (.08) .14 (;03)
38% {.22) 50% ( .18) 32% (.07}
15% {.09) 13% {.08) 16% (.08)
16% (.11) 10% (.08) 12% (.07} .
26% {.18) 28% (.11} 40% (.17
44% {.21) . 61% (.18) 42% (.09)
32% (.14) 18% (.10) 48% (.08)
15% (.10) 8% (.07) 9% (.13)
9% (.08) 14% (.12) 2% (.06)
100of 11 = 70f 12 = fun 50f5 = run
run
lof11 = Tail | 50f 12 = Talil
of Pool of Pool
0.95 0.77 -
0.93 0.74 0.96
1.02 0.72 1.68
0.78 0.75
1.44 1.20

84




Table 3.18.2. Physical chiaracteristics of every third bull trout redd in aach

S e Pl
o WpE T

AR T

PARAMETER
DIMENSION [_ength {m)
Width {m)

WATER DEPTH Bowi{m}
Tail (m)
Side(m)

SUBSTRATEBowil
< 1/8

1/8 - 1/2
172 - 2 1/2
21/2-10
Bedrock

Tall

< 1/8

1/8 - 1/2
12 - 2 172
21/2-10
Bedrock

HABITAT TYPE

PROXIMITY TO COVER(m)
Deep {>30 cm)
Overhanging vegetation
Large organic debris
Undercut bank

Turbulence

MillCresk ~ © WolFork . Tucamdh Ri &
n =10 n =14 o, N = 13 -
1.58 (.67) 1.98 {,80) 1.90 (.71)
0.82 (.19) .86 {.44) 0.87 (.33)
0.28 (.05) .83 (.46 0.20 (.06)
0.16 {.05) 16 (11 0.10 (.05)
0.21 (.04) .32 1,22) 0.16 (.06)
18% (.11) 7% (18) 7% (.60)
29% (.13) _28% (.23) 34% (.22)
35% (.18) 42% (.19) 38% (.18)
16% (.13) |  22% (.16) 22% (.15)
0(0) [ 1% (.03) 0 (0)
60% (.80) 3% {.06) 2% (.04)
24% (.20) __41% (.21). 29% (.15)
56% (.26) _43% (.16) 61% (.16)
14% (.12) 13% (.11) 9% (.08
0% (0) 0 (0) 0(0)
90fl0O=Ryn | 110f 14 = Run | 11 of 13 = Run |
1 of 10 = Tail | 3of 14 = Tail of 20f 13 = Tail
of Pool Pool of Pool
0.71 0.93 1.88
0.26 0.64 1.49
0.59 1.65 1.52
1.33 1.23 1.47
1.48 1.82 1.89
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3.74. STREAM TEMPERATURE DATA

in general, summer (June through, September) stream temperatures
mcreaseq steadlly until the third week in August and then began to fall.
Thermal regimes were similiar between streams except that the Tucannon
River was consistently 2 to 4 Co warmer than Aaotin Creek, while Aaotin
Creek was consistently 1 to 3 C° warmer than Mill Creek. The temperature
data recorded in the Wolf Fork from 24 August through 20 September,
1991, showed that this stream was almost uniform to Mill Creek in its
temperature regime (Figure 3.14.1 .).

-t
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Dol stroam tomparature maximums for each of the study streems, 1931,
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Figure 3.14.1. Summer maximum dally stream temperatures for Asotin ka, il ka L
Tucannon River, and the Wolf Fork, 1991, <




3.75. STREAM FLOW DATA

Stream flow was determined at 3 of the 6 habitat inventory segments in
each stream. Flow data, reported for the highest {#1), lowest (#6), and
middle habitat inventory segment {(#3 or #4), showed that the Tucannon
River was the largest in terms of volume (76.7 - 39.4 ¢.f.8.), followed by
Asotin Creek (46.2 - 37.1 c.f.s.), Mill Creek (39.6 - 26.1 ¢.f.8.), and the
Wolf Fork (34.0 - 5.0 c.f.s.). These values were recorded in the last week
of ‘June and the first week of July, 1991, and are reported in tables 3.15.1
through 3.15.4. (See figures 2.2.1. through 2.2.5. for the habitat inventory
segment |ocations in each stream).

Flows were taken at various locations and times throughout the.summer.
sampling period in each tributary. These times, flow, 8nd location were
recorded and are reported in the table 3.15.5.

?
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Table 3.15.1. Mill Creek habitat iq\ygntory segment flow data, 1991.

seMET 2.0 . #1 | 4 T
DATE:| "7/11 | 115
FLOW(ctsk: [T 22.0 | 24.95

Table 3.15.2. Wolf Fork fisbitat inventory segment flow data, 1991.

SEGMET §:__#1 #3 45 #6
DATE: | 6/25 71 n 6/25
FLOW (cfs): 5.0 14.84 24.32 34.0

Table 3.15.3. Tucannon River habitat inventory segment flow data, 1991.

SEGMET #: #1 3 #4 #6
DATE: 6/27 m 6/27 7/1
FLOW (cfs): 39.4 45.48 57.46 76.7

Table 3.15.4. Asotin Creek habitat inventory segment flow data, 1991 .

SEGMR #: #1 #3 #4 #6

DATE: |_7/3 7/3 712 712
FLOW(cfs): [_46.20 | 5125 | 6029 | 37.07

89




~

Table 3.15.5. Stream flow data reported for the listed date, stream and
location, 1991.

FLOW

RIVER
DATE STREAM . (c.f.s.) LOCATION Km.
7/1/1991 Wolf Fork | -24.32 RK 13.1 13.1
7/10/91 wolf Fork 20.30 RK 13.1 13.1
10/10/91 wolf Fork 1.97 ] U.S.F.S.boundary 19.2
7/16/91 Wolf Fark 08.32 Electro. site #1 17.0
10/10/91 _Wolf Fork 10.58 Electra. site #8 14.7
10/28/91 Tucannon R. 07.19 AboveSheep Cr. 85.0
7/1/91 Tucannon R. 45.48 1.8mi abovePanJab Cr. 77.6
2/3/01 Asotin 61.26 USFS fence 34.0
8/20/91 Asotin 10.25 above south Fork 23.5

7T/ | MiiCréek - | . 22.3% | @N. Fk Trail _ 2914
8/20/91 Asotin | 15.15 | 23.3
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4.0 DISCUSSION

1. MEASUREMENTS OF SPECIES INTERACTION
4.1. STREAM HABITAT MEASUREMENT

The four study streams were physically similiar in the inventoried reach, 8s
determined by stream habitat measurements (see tables 3.3.1 through
3.3.5.). Agotin Crgek differed in the amount of overhead cover @resent,
probably because of extreme flood events that occurred in the 1960"s and
-1970's. Floods also damage spawning end rearing habitat. Marnell {1984). .
reported that devastating floods occurred in Glacier National Park in 1 964
and again in 1975 which caused widespread damage to natural Stream
channels including spawning and rearing habitat.

Flooding, which causes the removal of large woody debris, necessary in
plunge poot formation, may also be the reason that ‘there were fewer plunge
pools observed in Asotin Creek (tabia 3.2.5), as compared to- the Tuecannon
River and the Wolf fork. The low niimbers of plunge pools absqrvod in Mill
Creek, We believe, may be attributed to a lack of log recruitment.

Run habitat contained 69% cobble substrate in Asotih"créei(, this was the
highest in any of the study streams. Bull trout spawn in run habitat and use
cobble substrate. It appears that spawning habitat is good to excellent in
this stréam, and therefore is not the reason for low nuribers &f bull trout in
this stream.

Table 4.7.1. was creatad to allow for comparisons of each of thﬂ b«ologmal
Indices of compogtion that were gathered in this study. The g -of:
the discussion seetion witl be focused around this tabie.
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Table 4.1-1. Information used to determine potential competitive
. interactions between bull trout, steelhead trout, and spring
" chinook salmon in southeast Washington streams (B.T. = bull
trout, STHD = steelhead trout, and SCS = spring chinook

salmon).
LAND USE - STREAM
RIVER [BULL TROUT HARVEST RIVER DISTURSANCE
Mill Cr. " No harvest Mill Cr. No disturbancs - pristine
Wolf Fk. | Ditficuit access - litle harvest * Wolf Fk. ~Little disturbance - cattle,human
Tucannon Easy access - high harvest Tucannon ‘Moderate disturbancd™ caitle,huidan -~ |
Asotin Cr. 4. Difficuit access - little harvest | Aeotin Cr: Little disturbance - logging,flooding
‘ DENSITY, #/100m2) ALL AGES INCLUDED RELATIVE ABUNDANCE wnqo-.zl
RI\{ER S BJ. Pimb ) SCS ‘ RIVER 8.7, STHD SCS ...
Mill Cr. 134 | 75 -~ Mill Cr. 0.06 0.21 . |
woltkk. | 92 | 116 | - Wolf Fk. 0.06 o076 | -~
Tucannon 54 | 63 | o8 Tucannon 0.12 0.50 I 0
Asotin Cr. 0.1 42.8 0 Asotin Cr. 0 024 | o070
. . . o ok S . . 1
RIVER B.T. STHD  SCS§ RIVER B.T. . STHD . SCS
Mil Cr. Plunge” | Plunge | - Millcr. | Ephem.* | Nemstods | -~
Wolf Fk. ‘ Scour Scour -- Wolf Fk. Trichop. Trichop. -~
Aeotin Cr. | Ciseatle -{- Scour § - - =} Asotin cr. b - L ROl R E i
* Plunge = Plunge Pool Cos s * Ephem = Ephamerciters’(mayty)
Scour = Scour Pool Trichop = Trichoptera {Caddisfly)
Coleop = Cdsoptera (Beetle)
BULL TROUT GROWTH RATE CONDITION FACTOR
RIVER JUVENILE ADULT RIVER 8.T. STHD SCS
Mill cr. 0.59 2.30 Miit Cr. 1.04 | 1.19
Wolf Fk. 0.44 1.36 Wolf Fk. 1.10 1.23
Tucannon 0.51 2.20 Tucannon 1.04 | 1.17
Asotin Cr. - Amotin Cr. 0 1.31
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4.2. BULL TROUT HARVEST AND LAND USE - STREAM DISTURBANCE

Entrance in:to the Mill Creek. watershed is prohibited by law, and therfore
harvest of bull trout does not ocour. in this stream. The harvest of adult bull
trout in each of the other study streams js regulated by WDW (the
regulations were presented in section :1.3). it is difficult to. determine the
number of adult bull trout harvested in these streams-due to the remoteness
of the fishery and a lack Of creel date. Howaever it is estimated that harvest
is greatest in the Tucannon River due ta this stream's relatively easy access
and high fisherman visits (Mark Schueck personal communication).

Harvest of adult bull trout in the Wolf Fork River is less than the Tucannon
River because this stream flows through: private land and angler ‘access is
strictly regulated by focal landowners.: Harvest Of adult bull trout in Asatin.
Creek has been reported by local residents. However due to the low
number of adults captured in this study and the absence of. anglers during
the summer of 1980 and 1991, harvest is speculated as being quite low in
this stream. co !

Due to Mill Creek's protection to human entrance, there has been no land
use or stream disturbance in this stream, and therfore it i s defined as
pristine. The Walf Fork River's watershed is currently grazed by cattle and .
there are small cabins and summer homes located alongit's floodplain. The
disturbance; currently, to this stream i8 very limited. The Tucannon River
currently has the greatest land us8 and stream disturbances of any. of the
study streams. The land uses include a maintained road, horseback trail, . .
maintained camping sites and outheuses,:and cattie grazing. The stream
disturbances include cattle grazing, removal of riparian vegetation by
campars, and human-disturbance at the time of spawning.

Asotin Creek has seen recent and.severe floods since the 1980's:and, -
therefore we have.included flooding as a stream disturbange as it is mported
that flooding removes streamside logs and results in a dacreased number-of
pools. Fhe Asotin Crask watershed is owned by the. United. States Forest
Service and is currently being logged.: The only other land uses inciude .
cattie grazing, camping, horseback riding, and motorcycles.. Stream:
disturbances include cattle grazing and sediment input from runoff of the
logged watershed, and recent floods.

The land. use and stream disturbances varied greatly between streams. -Use

and disturbances were reported to show that there were other interstream
differences than species present.
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4.3. POPULATION ESTIMATES / DENSITY

Bull trout densities in the study reach of @ach stream varied greatly. Species
interactions would be expected to be greatest where there are the moat
organisms present per unit area. Bull trout density was highest in Mill Creek
followed by the Welf Fork, Tucannon River, and Asotin Creek (Table 3.3.2. -
Density). Bull trout density is less in the streams that receive
supplementation, as compared to the control stream, possibly due to higher
steelhead trout densities in these streams. tf the fish are competing for food
or space, a direct result may be reduced density in the affected streams.

It was difficult to capture young of the year bull trout, and therefore
population {density) estimates for this.age class must be viewed with
caution. Electrofishing gear worked well forjuvenile:bull tout, as they
seemed to remain within the habitat site being Shocked, while adult bull
trout may have evacuated the site prior to block net placement. With this in
mind, we believe that the population (density) estimates for juvenile age
classes (1 +,2 +,and 3 +)are most accurate.

The density (#/100m2) of juvenile bull trout was highest in Mill Creek,
followed by Wolf* Fork, Tucannon River, and Asodn Creek. This relationship
was expected due to no harvest of bull trout in Mill Creek and difficult
fisherman access into the Wdf Fork, while access into the Tucannon River
is improved: The Asotin Creek bull treut population was. inventoried in
1990, which resulted in five bull trout captured; on8 juvenile -and four
adults. ‘Asotin Creek was reinventoried in 1991 farther upstream than in
1990. One juvenile bult trout was captured in this 1991 survey.

Several factors may be contributing to the low bull trout population in Asotin
Creek. As a result of the Habitat Use and Preference data (secion 3.4.), we
found that YOY bull trout use sites containing high amounts of boulder
substrate. As a result of the Habitat Measurement data (section 3.2.), we
found that Asodn Creek has a low percent of boulders as compared to
gravel and cobble substrate. The lack of critical nursery habitat {(hiding
intrices) may be leading to poor survival foer YOY bull trout in Asotin Creek.
Pratt (1984) reported that first year bull trout spend more:time under -cover:.:
when larger cutthroat trout are present in tributaries Of the Flathead River
basin. She also reports that instream cover which creates pockets of slow
velocity within 0.2 m from the stream bottom may increase the amount of
bull trout rearing habitat. She recommends that for bull trout management,
boulders:should be stacked on top of each other, creating spaces batween
the rocks similiar to large unembedded substrate cover for bull trout; Her
findings, as well as those found in this study, suggest that YOY bull trout
habitat is limited in Asotin Creek, and may be responsible for the small
population in this stream.
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YOQY bull trout densities were compared between tha three siudy streams
where they were found, to other published data {See table 4.3.1.).

Table 4.3.1. Comparisons of bull trout densities (YOY + Junenile) in
southeast Washington streams to other Pacific Northwest
streams, as-wall as the method used for enumeration. Values

for the ocurrent study were taken from-Table 3.4.2. in the
Results section of this report.

DENSITY - # PER RIVER ENUMERATION
RIVER {#/100M2) . KILOMETER REFERENCE METHOD
Long Cr., Oregon . 2.7 -4,8 Bond and Long . Blectroshock
, _ (1979) . .
Alberta straams " Tt 13 Carl (1988) Electroshock
Flathesd R. tribs. ] 0.7-37.5Chiv) | NA Pratt (1984) _Day snorkeling
Metolius R., Oregen " | 20.6 (aliages) -|  NA |  Goetz(1991) | _ Blectroshock
Metdius R, Oregon | 1.8 (1 + Sdid | NA' - < Gooti (1991) | Day shorkeling
Metolius R, Oregon -~ | 9.8 (1+ &idider) | . NA Goetz (1991) . | Duy/night snorket
Flathead.R. tribs 5.4 (allages) (|- NA Shepard at a1.(1984) | . Electroshock -
gﬂ::cl(enzie &HN, | 14.0(alages) |  NA _Shepard et ai. (1984) |  Electroshock
[ Profile Cr., idho | 60 +only) | 600 _IDFG (1991) oay/n.gm
MCr., Wa. | 6.2 (Juveniie) 238 Cmentmdy - JQ&’"‘
Wolf Fork, Wa. - | 19 (Juvenite) | ~ 73 Current study
Tucannon R., Wa. 4.9 (Juvenile) 272 Current study aocémiﬁaeh -
Mili Cr., Wa. 13.4Y0Y&Juw | = 645 Current study Blectroshock
Wolf Fork, Wa. ., ~ -] 9.2 YOY.& Jpv: | = . 363 Current study . |  Blectroshock
Tucannon R., Wa. 5.4 YOY & Juv. | Current M -4~ .- Electroshock

B g

in Mill Creek, mean YOY: byi-trout density was 5.2, Wolf Fork was 1.9,
Tucannop: River was 4.9, and Asetin Creek was O per 100m2. The highest
density was 23.8 YOY bull trout per. 100m2 in Mill Creek. Thege values are
lower than those reported by- both-Pratt (1984) and IDFG (1991).

Skeesick (1989) noted that age 1 + bull trout represent 20% of the catch in
tributaries of Flathead Lake, Montana. if this value is accurate for =
populations in southeast Washington streams, mean age 1 + bull trout
densities could bg as high as 30 per 100m2. This value was obtained by
multiplying the:highest age 1 +: bull trout densitiy by 5. Therefore bull trout
densities may be very similiar in Mill-Creek and Profile Creek, Idaho.
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it is difficult to make comparisons of our data to that reported in the
literature for several reasons:

1) Sampling techniques vary; day time snorkeling, night time
snorkeling, traps, and eletrofishing are the methods most
commonly reported,’

2) Bond and Long {1979) and Carl { 1985) reported the numiber-of
bull trout per stream length, as opposed to density,

3) IDFG (1991) used sites composed of many habitat types, while
my sites were each cemposed of .a unique habitat type, and

4) IDFG(1991) report density for only one age clads.

Juvenile steelhead trout densities were much higher in Asotin Creek as
compared to the other study streams, which may ba attributed to several
factors. Asotin Creek is a short river {46 Km), that drains directly into the
Snake River and supports run of summer steethead trout. There is no
harvest of these fish in this stream, and as a result the populadon may be
high in this stream. Steelhead trout Spawning ground surveys 818
conducted annually on-this river by WDW to determine the number of redds,
and the number of adults (Schuck 1991). In 1991; inclement weather
precluded surveys in most of this stream, and those surveys that were
conducted occufed when ‘the water was turbid, and therefore absofute
counts wel8 difficult. With no knowledge Of the number Of adult steelhead
in this stream,interstream comparisons cannot be made to determine why

‘the population was so much higher in. this stream. Several factors may be
leading to. the high values:

1) We surveyed in the highest steelhead production area of this
stream, and not in the other streams:

2) High spawner escapement occured in this stream, as compared to
the other streams;

3) High egg to fry survival occurs in this stream;

4) The density of other salmonids in this stream are extremely low,
therefore’. only’ intraspecific competition: exist; or,

5) The south fork of Asotin Creek was blocked to escapemerit in
1991 by beaver dams, which forced adult steethead trout into the
north fork Asodn Creek, resultitig in an increased density of O age
steelhead trout.

4.4 RELATIVE ABUNDANCE
Relative abundance data was collected to determine bull trout abundance in
relation to other species in each stream. We speculated that bull trout

would be present in areas of high sculpin ‘and juvenile steethead trout
densities, as it is documented that bull trout predate on these species. Of
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25 bull trout. examined: in the McKenzie River, Oregon, rioné ‘were found to
have eaten salmonids. In Oregon’'s imnaha River, 8 of 9 baft trout {avg.
length 350 mm) that were smdied"had consumed only salmon fingerfings -
(Oregon FISh Cammissmn 1959): :

%

Bull trout denﬂty. as domrmined during relative abundahca myﬁ Nvere
extramely low in each of thc study straams,. which may be attnbuted to:

1) No block nets were used in relatlve abundance studles

2) Only one person nettéd stupned fish, ;

3) low. conductivity resuited. in low electrofisher efﬂmency

4) Local disturbance, which caused fish to emigrate the site, and

6) We selected only juvenilesand adultbult trout, ignoring, YOY. bull
trout. ¢

Steelhead/rainbow trout density, as determined during relative abundance
surveys, were also low, which may be attributed to the above reasons. *
Scuipins, however, were readily captured and density values are more
accurate for this organism than bull trout or steelhead/rainbow trout.

4.5. HABITAT UTILIZATION AND PREFERENCE DATA

Results showed that YOY bull trout use (density), increased with increases
of boulder substrate and overhead cover. This result is supported by Pratt
(1984), who states that the fish are occupying the low stream velocity
pocket water formed by boulders. Shepard et al. (1984), reports that YOY
bull trout have very specific habitat requirements, noting that they are
bottom-dwellers, occupying positions above, on, or below the stream
bottom. Bull trout are found in shallow, slow, backwater eddies often
associated with logging residue (Shepard et al. 1984).

Young-of-the-year bull trout used riffle and cascade habitat more than pool
o1 run in all three streams where they were found. We found that juvenile
bull trout density increases with increased of cobble substrate and overhead
cover. Armstrong and Elliott (1972), state that riffles and glides were used
by juvenile bull trout in British Columbia streams. These habitat types
contain high percentages of cobble substrate. Griffith {1979) and Shepard
(1984), both stat8 that substrate types associated with juvenile bull trout
are primarily cobble and gravel. We found that juvenile bull trout used pool,
riffle, run, and riffle habitat almost equally, in all three streams where they
were found.

Table 4.5.1. was created to show the relationship between several
measured habitat characteristics and fish utilization. This table is not an
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actual habitat wtilization table; the table shows trend information only.
Utilization was determined by dividing the number of fish collected at each
measured habitat characteristic, by the total number of fish collected for
each species and age group reported. Plus { + ) signs indicate that use
increased with increases in the measured habitat characteristic. Negative (-}
signs indicata that use decreased with increases in the measured habitat
characteristic, while zero (0) indicates that no relationships between use and
the amount of the habitat characteristic were found.

Table 4.5.2. shows the cummulative figures for all three study streams that
bull trout were found in. As stated earlier, young-of-the-year bull trout were
difficult, to capture by. electrofishing, and as a result, actual values may be
higher. than reported for those habitat characterisitics that afford, the fish
hiding cover; namely boulder, woody debris, and turbulence. We would
have, more than likely, captured any YOY bull trout present, reguardless of
the amount of gravel or overhead cover, as these offer them no hiding
cover.
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Table 4.5.1. Relationship between habitat characteristics and the
corresponding fish utilization (*-" = negative relationship, 0"
= no relationship. and " + " = positive relationship). :

- BULL TROUT BULL TROUT - RAINBOW TROUT RAINBOW TR O U T
MILL CREEK Y-0-Y JUVENILE Y-O-Y JUVENILE
Gravel Q- -, 0 o 0
Cobble + e + .
‘Bouider 4 0 - 0
Overhead Cover 0 0 0 +
* Woody Debris | o_ e + 0
Underout Benk | - *- o - -
Turbulence 0 - O 0 -
L BULL TROUT  BULL TROUT "STEELHEAD - STEELHEAD"
WOLF FORK Y0¥ _ JUVENILE Y0¥ . JUVENILE
4 _+ , 0 0 R
cobbh . 0 - + -
Boulder + 0 o 0
Overhesd Cover + 0 - [
Woody Debris 0’ 0 + +
Undercut Bank + 0 0 )
Turbulence 0 - 0. -
BULL TROUT BULL TROUT STEELHEAD - STEELHEAD *
TUCANNON Y-0.Y JUVENHE Yoy JUVENLE
X o . 0 ... o+ 0.
Cobble | o | 0 0 0 ..
Bouider + - 0 -
Overhead Cover + + 0 +
Woody Debrié 0 Ij. + 4 0
> Undérout Bank 0 + 0 +
Tubulence | .- 0 + 0 L e
Table 4.5.2. Cummulativo figures for all three study streams that bull trout
were found in. - '

BULL TROUT BULL TROUT:. STHDARAINBOW  STHD\RAINBOW ** - -
CUMMULATIVE. . vo.v _ _JUVENLE .. . Y-0-¥ __JUVENRE .
R Grawel] . ++ - ST 1 [ . X ) L,
Cobble .0 .0 L+ 4+ N -

Overhead Cover e A - ) ++
Woody Debris | - - + ++ o+t +
UndersitBank'l - o + ] . ~ o -

e i iy . B ) st
Turbulenice | + 2 i .0
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For interspecies competition to occur, the speciesmust overlap in their
geographic range. Our data shows that minimal habitat utilization overlap
occurs between bult trout and steelhead/rainbow trout in the study streams.
Juvenile bull trout and spring chinook salmon only minimally overlap in the
Tucannon River, and therefore do not compete for rearing habitat.

If the category, overhead cover and the age class YOY for
steelhead/rainbow ‘trout is ignored, there is only one habitat characterisitc
that shows fish utilization increases with habitat increase. That'habiit
characteristic is gravel and it is used increasingly by juvenile steéthead trout
and YOY bull trout in the Wolf Fork. Co-species habitat utilization did not
increase for any other habitat characteristic measured.

Table 4.5.2. shows fish utilization increases for several of the habitat
characteristics measured, however they were. not in the same stream.
Therefore competition can not be occurring. This table was created to
increase the magnitude of the trends seen in each of the streams
individually, and should only be used to suggest the “preferred habitat
characteristics” of each age class of bull trout and steelhead/rainbow trout.

Young of the year and juvenile steelhead trout utilized pool and run habitat
the highest in all four streams, as is reported for other streams for this
species; Viola (1990) noted an increase in density and biomass of older
aged steelhead trout/rainbow trout with Increases in pool habitat. Hiftrman
(1989) noted that in day time during summer, steelhead lived in shallow,
slow water.

This data shows that the two species overlap in their general habitat
preference, however microhabitat utilization (substrate, instream cover, ‘and
overhead cover) ‘differed. It appears that the two species have similiar
habitat preferences but-that they partition the resource so that each uses a
narrow portion of the unit.

Due to their depressed numbers and federal protection, few spring chinook
salmon were collected in our 1991 sampling. Therefore, habitat utilization
and preferences could not be established; -There is, however, considerable
information concerning the habits of juvenile spring chinook salmon in
Pacific northwest rivers and streams. Hartman (1965) reported that coho
salmon (0. kisutch) in the presence of steelhead trout, preferred poois
containing fine sediment and lacking complex instream cover. He found that
stream temperatures utilized were 89 C to 179 C. House (1986) ‘reports,
that salmon (sp.) in Tobe Creek, Oregon, preferred pools with fine sediment
but were also found using open glidae-run habitat. House (1986) also
reported that this creek could be improved by adding some structure to act
as scouring agents to produce more pools.
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In the Tucannon River, the juvenil® spring chinook salmon that. were’
collected; were collected in run (the number of fish collected, n = 2), .- :
cascade {n = 3), plunge pool (n =6), and scour pool {(h= 42). in Asotin-
Creek, the juvenile spring chinook salmon that were collected, were
collected inrun {n=1), and pool {n =4). Although we have-a very smail
sample, | speculate that spring chinook salmon prefer pool habitat in these
two streams,

These data suggest that spring chinook salmon differ from juvenite bull trout
in their habitat preferences. Juvenile spring chinook salmon prefer ‘open”
slow water that has small substrate and lacks complex hiding cover.
Juvenile bull trout use riffle and cascade habitat more than pool or run, and
their densities increase with increasas of woody debris and boulder
substrate.

4.6. FOOD AVAILABILITY AND FEEDING HABITS

Benthic maeroinvembrate density-calculations were based on three, 1 /10
m2 samples collected at one transect in each stream. This is ‘obviously:
weak sampling, however, our inteatlon was not to quantify totat invertebrate
production, but to determine the relative proportions of each taxa of,
invertebrates pressnt in-each stream,. and to assess stream similarities:or
differences; -These proportions were then ¢compared to that found-in:the
stomachs of bull trout and steelthead/rainbow trout collected neéat the: : -~
invertebrate sampling transect in each stream. Etectivity values, which
indicate how the selected-diet differs fromy a dict selectad. at random, were
then calculated. This inforimation wasthea uscdtodsctibe m ﬁmfemd
dlet of each speeias in each stveam

Bemmc mnemhuernbrate densities were: simi#ar bet,wun strm. a8 were
the electivity values. ‘Most electivity valué¥’ were near zero; indicating no -
strong preference for sny taxa of invertebrate. Scott and Crmfﬂ‘973);
report that juvenile bull trout consumed adult and immature ins@cts; snalis;
and leeches. Salmon eggs are reportd to be important in the fall. Shepard
(1984), report that at a tength of 110 mmi 10140 mm, the bull-trout.become
increasingly: piscivorous. However, Jappson and Platts (1959), noted that in
northern.ldasho akes, bull trout from 1T00.mm to 300 mm: ate only insects.
We found similiar resuits; nine of 60 juvenile bull-trout (100 < x < 250
mm) collscted in July and A&gust, 1991, had Cottidae {sp.) in the stomach,
while in 1990 one out of 1 1 aduit boll trout ( >250mm) had two"stesthead
fry, and one out of 11 had a cottidae (sp.) in it’s stomach. It must be noted
that nine of the 11 adult bull trout stomachs collected in 1990 were empty.
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Fraley and Sheppard ( 1988), ‘report that adults on their upstream migrations
probably feed little if- at all. This may explain the high number of empty
stomachs recovered from adult bull trout in July and August.

In Sun Creek (Klamath River drainage, Oregon), Wallis {1948), found that
adult; stream resident (fluvial) bull trout, ate, in decreasing order of
abundance, Diptera, Trichoptera, Ephemeroptera, and Plecoptera. We found
that juvenile bull trout ate, in decreasing order of abundance,
Ephemeroptera, Diptera, and Plecaptera.

Fluvial populations show an increase use of fish as prey items. Of 25 fish
examined in the McKenzie River, Oregon, none were found to have eaten
salmonids. On Oregon’s Imnaha River, eight of nine bull trout (avg. length
350 mm), that were studied had consumed only salmon fingerlings (Oregon
Fish Commission 1959).

Stomach collection, at times other than during their upstream migration to
spawn, may result in more salmonids in the stomach. Fish were collected .
during July and August for this study. If sampling had occured in December
through June more salmonids may have been present in the gut.

It is interesting to note that bull trout consume a number of exoti¢ items,
including squirrels, ducklings, snakes, mice, frogs, and aven dipnea
(Skeesick 1989).

Bull trout and steelhead trout consumed similiar taxa of invertebrates in each,
of the :study streams as-indicated by the diet overlap vailues. Hawever they..
elected these taxons in, proportion to their availability, and therefore appear:
to be opportunistic in their feeding habits. Invertebrate production is high in
these southeast Washington streams. Bugert (1989), estimated that in the-
Tucannon River at.the current (1 989) fish. population, it would take 89 days
to efiminate the most limited invertebrate taxon, .if there was no further
invertebrate. production.

For competition to -occur the resource. must be limited. Food is no? {imiting
in thesa streams.&s indicated by Bugest (1989). The electivity indices and - -
invertebrate production data collected in this study also showed that food is
not limiting in these streams. As a result of our findings thers. is. minimal
interspecies competition for food between juvenile bull trout, juvenile.
steelhead trout, and juvenile spring chinook salmon in the study reach of the
study streams. ;

&
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| ADDITIONAI. BULL TROUT DATA
4.7. BULL TROUT MOVEMENT AND MIGRATION

We were able to collect only limited movement and migration information
about bull trout in the Tucannon RiVér. Those fish that were tagged, and
later captured by anglers’ (n=4), moved upstream an average of 16 km in-26
days durifig the months ot'June and July. This coincides with an increase

in stream temperaturé and a’ decrease in river discharge. - McPhail and

Murray (1979), found peak upstream movement to coincide with maximum
water temperature {1 O-1 2 €9) and minimum flows.

July represents the beginning of adult bull trout’s upstream’ journey to
spawn; bull* trout spawhing began on Septémber 6, 1991 in‘the Tudannon
River, 30 km up&ream of the tagging location. If those fish-that were
captured by anglers had continued to move upstream at a rate of 15 km per
25 days, they ‘would have ascended the stréam to their spawning area in
the middl# of August; just 15 days‘before the initiation of spawning:

McPhail and Murray { 1979), and’ Shepard et al. (1984), report that adult bult
trout feed fittle or-not at alt im their upstieam migration.  We found siriliar -
information; nine of 11 adult bull trout stomachs were- empty.in 'July, 1890,
and foar°of five adult bull trout stomachs weré empty in ‘August, 1991.

We speculate that adult bult troat{> 250 mm), move downstream some
distance below Rk 62 {fi8h titchery) in the Tucannon River in November
and December, and overwinter. They begin to miove back upétream in April
and May; past the haﬁehary trap in Juhe, and arrive at their spawning area in
middle to late August. Shepard et al; {1984} rféport that in fuvial and
adfluvial bull trout populations, adults undergo spawning. mlqratlons of up to
225 Km. Adults from fluvial populatidns are fourd in rivéré ahdlarger
streams. Smaller tributaries act as breeding grounds and rearing areas for
juveniles. This same’ W‘aﬂﬁe histor-y pattem |s observed In the
Tucamiribn’ Rivef Wasmator\ '

We are certain that age 0 + through age 1 +76r 2 + bulf trout do not leave
their ‘nursery areas in late fall, like thé older fish do. The rationale is that
very few have been observéd by shorkelingtor trapping in-downstream’
reaches of the Tucannon River, while adult bull trout are both seen #nd
trapped (Bugert, WDF personal communication, 1991). WDF (Bugert 1988-
901, conducts winter snorkeling sufveys on the Tucannon River from Rk
77.5 (Panjab Creek) to Rk 80 (balow the Tucannon River fish hatchery).
Bugert {personal commurvication, 1991), reported that no juvenile bull trout
(< 200 mm), have been obseérved in this reach of the riverin December or
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January for the years 1988 through 1991 . Yet in December, we collected
juvenile bull trout in their nursery area at Rk 84.3 (Sheep Creek) by
electrofishing, indicating further, that- juvenile bull trout remain in their
nursery area overwinter.

Fraley and Shepard (1988) report that adfluvial adults mature in lakes and
reservoirs before undergoing spawning migrations. Martin (1985) reports
that adults start their upstream movement from Flathead Lake during April
and May and arrive in tributary streams in July and August. This same
pattern, was observed in the Tucannon River. Our use of fluvial to describe
the life history pattern of bull trout may be erroneous bacause the Tucannon
River drains directly into the Snake River above Lower Monumental Dam.
There are no obstructions to migration in this river, so bull trout could
emigrate to the Snake River, overwinter, and in April and May return back
upstream. If this is the case, bull trout in this river would be called adfluvial.

There are two reasons to suggest that bull trout are adfluvial in southeast
Washington streams; 1 )bull trout have been observed ascending the aduit
fish ladder at Lower Monumental Dam on the Snake River on three different
occasions {Kleist, WDF personal communication, 1991), and 2) juvenile bull
trout have been gaptured in WDF smolt trap on the Tucannon River {RK 15)
(Mendell, WDF pergsonal communication, 1991). We believe,. however that
if bull trout in this region are adfluvial, the propartion of the population that .
exhibits this life history pattern is low. This belief is due to; 1) no reports
exist of bull trout being captured in th® Snake River or lower Tucannon River
during the winter gteethead season on these rivers, and 2) very few (3|
believe) bull trout have been obseryed ascending the adult f&h ladders-en
the Snake River. dams. The possibility of an adfluvial }ifé history pattern
needs further. investigation in this region..

4.8. AGE, GROWTH, AND CONDITION

The ages of bull, trout from each of the,gtreams surveyed were similiar for
each life history stage. That is, in the summer of their third year:of growth :
(age 2+, ll}, they were on the average, 180 mm fork length, and in the
summer of their fourth year of growth {age 3+, Ill) they were on the
average, 215 mm fork length. Table 4.8.1. reports the growth (mm) of bull
trout in the three study streams of southeast Washington that bull trout
were captured in.

The ages in Table 4.8.2. are reported for fish length in July and August,
1990 and 1991. The values in table 4.8.1. are for length at annulus
formation, therefore my age O+ (i} filsh will be longer than reported when
they actually form their first annulus. The same holds true for all reported
ages. Given that the fish are half-way through the growing season, a mean
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value between two of the{ength at age values reported in table 4.8.2.
would be a better comparison to that in table 4.8.1. ' s

Table 4.8.1. Buit trout growth (mm) in various drainages. . Loﬂgth is reported
for total length of the fish at annulus formation.

LBMVER o o L o W vV VI v SOURCE
Middie Fk. Flathead River | 62 | 100 | 165 | 297 | 399 | 488 | 567 | Fraley & Shepard®
, 5 I T , (1988) e
North Fk. Flathead River | 73 | 117 | 165 | 301 | 440 | 538 | 574 | Fraley & Shepard
M M N . . }, w s iy . . . :" N - (1988) - L
‘Upper Willamette River 93 [ 1421165 | | - 1264 | 284 | *Ore. Game Comm
Roberts Creek,John Day R | 67 | 111 [ 132 *Ore. Game Corrim.
Metolius River tributaries 57 | 92 [ 141 Ratliff (1987)
68 | 112 ] 154 | 299|420 | 430 | 476} - . -

e In Skoosick(1989).

Table 4.8.2. Bull trout grawth (mm) in the, three study streams. Sampling
y wa:mJulyandAugm 1991, therefore age is indicated .
_bya"+"7, mavwvmmmmlomfortwo
mdﬂmlaw&ﬂnum.dhnmnmm ,
fomaﬁon.mmbvmmmmmm -

RIVER _ [0 1 ,1.¢~ . 0 ]2+ u|§+ 1 -g.; 4+ | vV | 58+. ] W1
WolfFork ™ | 66 | @0 | 106 ] 139 | 165 | 183 | 170 [ 260 | 350 | 410 | 470
TocannonR. [ *45 | 68 | '90 [ 1181146 ['170] 198 [ 247 ["2809 | |

MEAN D T 77 | "tz 14yl 1270 | 410 |
- % N H F : RN R

It iS*fepérted that bull trout growth is Eoristant after their third annulus is
formed tSkeesick®{ 989}, We werd’linable tb confirm this in sbutheast
Washington stredmis:’ average growth from annulus 1 to annulus N was 80
mm; ii to ‘M average growth was 45 mm, Iil to IV average growth was 90
mm, IV to V average growth was 120 mm. Bull trout from the study
streams did show an increase in growth after age 3 + (lit). This has been
identified in other streams and is attributed to bull trout switching from a
diet composed of insects t6 a diet compOsad of fish (Skeesick 1989).
Howevet the growth increase after age 3 + in southeast Washington
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streams was not as marked as other Pacific Northwest drainages reported in
table 4.7.1. This may be due to: ‘ ,

1) Low sample size in this study;
1,1 -2) Low density of naturally produced juvenile steelthead or salmon; or;
3) Fluvial life history.:

The age of bull trout in southeast Washington streams reported in Table .
4.7.2. were determined by constructing a length-frequency histogram for
ages O+ through 2+, which was confirmed by otolith analysis. Otoliths
were used exclusively for ages beyond 2 +. Many researchers have found
aging of the bull trout to be problematic (Hanzel 1986; Fraley et al. 1981;
and Brown 1984).

Fraley et al. {1981) listed 100% agreement between otolith and scale
readings for age O to 3. Fraley believed that aging of scales is the best,
method, while otoliths should be used to verify scale readings. However,’
Brown (1984) found that a lower then actual age may been given to older
bull trout examined.

Otoliths were used to determine the age of older bull trout for several
reasons. Caakso and Cope {1986) found 3 forms of cutthroat trout in
Yellowstone Park: trout ‘that did not form @n annuli in their first year, trout
that had some scales with annuli and $6im&’ without, &nd trout-that had fully
formed annuli on their scales. They concluded that the abriormal scale
formations (and lack of scales) were related to the time of emergence.of the
fry in the summer, and whether the fry.had a change to grow before the
growing season was terminated (they teoprt that flsh that teached , size of
41-44 mm usually had sclae platelotes formed), Peven (1990) reported ﬂ'lat
steelhead that hatch in the headwater suaams ‘of north central Washington, "
are exposed to the extremely cold temperatures that could affect the
formation of an annulus in their first year of life.

We believe the probability is high that annuli are not formed on the scales Of

some bull trout in southeast Washington streams. O'Gorman et al (1987)
found that annuli were not laid down on the scales of alewives in the Great
Lakes, and that otoliths were, a more reliable means ot aging. We are ln
agreement with these researchers; upon inspection of seveml scales from
various age {length) bull trout, It was concluded ‘in this. study that annular
growth rings were not discernable or not present, and therefore otoliths
were. used for age analysis. ‘

We used three experienced parsons in otolith analysis and three indices of

age reproducibility to be certain that the age reported was. the .MO8t gccurate
age. A comparison of age 1+, 2+, and 3+ to a length-frequency
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histogram created from fish captured during population inventories of each
stream was also made, We are certain that through age 4+ (1V) the ages °
reported are indicative of the number of annuli, and therefore winters the
fish has lived. Beyond #ge 4+, the sample size becomas too small to allow
for confidence in my results, hawever independant readings result&d in an
average percent error of 0.03 for age 5+ (n =12), 0.08 for age 6+ (n = 3},
and 0.0 for age 74+ {n=23).

Length-weight data (condition) collected for bull trout in each of the study
streams was similiar for YOY and ‘juvenile bult ‘trout. Habitat-specific
condition factors were assessed to see if bull trout were in better condition
in specific habitat types. Bull trout showed higher condition in-riffle habitat
then pool, cascade, or run habitat, but because of small sample size and
multiple age groups included in the analysis, this information should bc used
with caution;

The longest (fork length) bull trout collected was 655 mm (26"}, however,
we observed several bull trout constructing redds in Mill Creek that were in
excess of this length. Four bull trout greatee than 600 mm (24") were
trapped in the Tucannon River snadromous fish trap located at Rk 82; in
1991. We observed only three bull trout greater than 600 mm {24}
constructing redds in the Wolf Fork in 1990 and 1991.

From thess obseevations and data bult trout in these swmt pmbablv do
not grow greater than 782 mm {30") fork length, howevdr-a local vesident
reported that: he caught a 36" (814 mm) male bull trout in the Wolf Forkcin - *
1984 (a photograph confirmed the fish). Tucannon River fish hatchery
manager Bill Hubbard, reported-a bull trout in.excess:of 30" (760 mm) ©
holding in.a hatchery effluent stream {Hubbargd:1998%). This report was latter
confirmed when the figh was removed from the effluent stream. This fish
may be taking advantage of an artificilly high supply of food and thermally
stable water source, and therefore is considered an anomly. -

4.9. FECUNDITY, SPAWHING GROUND SURVEYS, ANDREDD
CHARACTERIZATION :

Bull trout fecundity increased “ax‘pone‘miaﬂy with'ﬂsh length, as reported for
many salimonid species. Figure 3. 13.1shows the relationship:between fork
length and fecundity for seven bull trout collected from the study streams in
southeast Washington:. Fecundity ranged from 480 for a 27Q mm bull trout:
t0:3,350 for.a 620 mm bull trout. McPhait-and Murphy (1 979) report that -
bull trout in the MacKenzie Creek, British Columbia, had a mean fecundity of
1,442 for 470 mm bull trout. In the Clark Fork River, ldaho, fecundity for
bull trout, mean length.of 544 mm-was 3,821 with a range of 2,136 to
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6,753 (Heimer 1965). In the Flathead River, Montana, fecundity for ‘bull
trout, mean length of 611 mm was 5,482.

Bull trout spawning activities, on the average, began on 8-September-1990
at an average water temperature of 7 ©C (range of § ©C to 10 ©C), and
ended on &November-l 990. The first redd constructed in each stream was
one of the farthest upstream redds constructed for the season. A trend of
larger fish ascending farther upstream to construct a redd in each stream
was observed. There was usually an obstruction that prohibited larger fish
from farther ascent, that smaller fish somehow ascended, to construct redds
upstream even farther. The obstruction was always an accumulation of -
branches, twigs, bark, and other allocthonous matterials built up against a
log, in effect cresting a dam that water permeated through but did not
plunge over. These smaller fish, (250 mm to 350 mm) found passage
through the obstruction and constructed redds upstream until the fish
encountered one of the following obstructions:

1) waterfall,
2) shallow riffle {< 5 cm deep},

3) impervious organic dam {(as described above), or
4) no more pockets of ‘spawning gravel. .

Fraley and Shepard (1988) reported that redd construction is usually
complete&by one:male and one female but sometime8 more than two fish:
Ratliff (1987) noted that redd superimposition occurs in tributaries to the
Metolius River, Oregon. Redd overlap was observed in several instances,
although there appeared to be ample cobble substrate present in ideal
habitat with hiding cover. It has been reported that redd superimposition
may be due to limited spawning habitat, or that site specific characteristics
required by bull trout are quite specific {Skeesick 1989).

Shepard (1985) lists the physical habitat-factors that influence bull trout
redd placement: high order stream, streambed with a low % of boulders and
greater amounts of gravel #nd rubble, low channel gradients, areas of
overhanging bank cover, maximum stream temperatures < 18 Co, and areas
of ground water recharge. All redds observed were constructed in first order
streams, contradictory to that reported by Shepard (1986). Al redds, ‘as
reported by Shepard {1986),- were located in low gradient areas of each
stream. Redd -construction was usually close { < 1 m) to undercut banks
and/or overhanging vegetation. Twenty-two of 28 measured redds were.
constructed in run habitat, the remaining five were constructed in the tail of
a pool.

It is difficult to determine if redds were placed in areas of ground water
recharge, however visual inspection of the immediate area around the redd
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may present some dues. Several bull trout redds were adjacent to, or
immediately downstream, from springs or rock walls that were wat from
seeping water. These would indicate ground water recharge.

A comparison of the physical characteristics of bull trout redds in each of
the study streams to other streams i the northwest (Shepard 1984 in
Skeesick 1989} is shown:in table 4.9.1.

Table 4, 9:.1 (:haracterlsﬂca of hull trout rodda in thn northwest compand
- t0 those that were characterized in southeast Wuhiugton
mams. 1990 and 1991,

MEAN [ MEAN g6a -

DEPTH VELD. DEPO-

OVER _ SITION :
e Lo T T _— T
Hmadmw:ﬁ o2 28 ‘ 13 | 010020 |
Clesrwater R, Abarta 0.24 10 - \omu
MacKenzie Cr., B.C. N s | oivote
Wigwam R. and Rem Cr, B.C. 0.34 30 | 017 -0.4%
Kootensy Leks, Meadow Cr. 0.77 12 0.10-0.20
| end John Cr, B.C. . ; Lo
—ta | o | w | o T

jlon Suearg & Byve 2o sse | o | e [ w L | w

- T M B : o SIS A48 Pg < ,?A B B g B 4 u 2 . 218

0.20/.18* 1.38 14 58 18 NA
Mfoﬁ.m ngton 'Jo_a_/._it-"}: g,_ag 1 "“'1’.91 s P P " g‘ i P T
Tusennon River, Washingtée _['621/40¢ | “02e" 100§ e 81 | 2 N L

— 3.2¢ 28 i

«v o First number represent the water depth- in the bowl or pit, the

second number refers to the water depth over the tail or moiinds

ooy

The minimum length of any observed spawning bull trout' was 260 mm-
(10"}, but the mean length ‘was 480 v (19”) with the maximumi length in
excess of 6565 ‘mm (26"). There were usually two fish observed on a redd
at any time, but another bull trout was commonly- near by. This third fish-
was usually'sthatler-than thoss seert on the redd and if it entered onto the

redd, it was immiediately displaced by ofe of the larger fish. Detailed

account8 of the behavior of bull treut and Dolty Varden have be#n given by
several researchers {McPhail and Murray 1979; Oliver 1979). Scott and
Crossman (1973} reported that dominant males show aggression towards
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subbordinates end defend localized ores, which is what was observed
occurring on many redds.

4.10. TEMPERATURE AND STREAM FLOW DATA

As reported in the methods and results sections, continuous reading
thermographs were deployed into each river near the speculated
downstream range of bull trout. A chart was presented in the results
section of this report showing the thermal regime for each stream, and it
appears that the Tucannon River is the warmest of the four study streams.
The thermograph that was located in the Tucannon River was maintained by
WDF, and therfore was positioned in a location that met their objectives As
a result, the thermograph was about 6 Km below the downstream range of
bull trout in this stream. That distance seems negligable, however land use
changes drastically over those 5 kilometes as compared to above the 5 Km.
Easy vehicular access and maintained camping sites are the primary
changes. As a result of these activities; the riparian canopy has been
slightly reduced, and therefore the stream temperature increases. We
believe' that, had the thermograph been located upstream further, the four
study streams would have been similiar with respect to. thermal regime.
Asotin Creek would have been the highest temperature if this adjustment
was made.

An inspection of the chart presented in the results section of this report
would be misleading. The chart was created to simply describe the thermal
pattern of each stream, not to ‘describe temperature use or preferences of
bull trout. It is of Interest to note that several juvenile bull trout were
Captured or observed by WDF and WDW in their routine summer sampling
duties on the Tucannon River 10 kilometers below the thermograph location,
which would indicate that juvenile bull trout do use stream temperatures
greater than 16 ©C in the Tucannon River. However, these fish were seen
infrequently below the thermograph location, as compared to our sampling
sites located five to 15 kilometers above the thermograph.

The warmest stream temperature where YOY bull trout were captured was
13 9C in the ‘Tucannon River. The warmest stream temperature where
juvenile bull trout were captured was 16 2C , again in. the Tucannon River.
Juvenile and YQY steelhead trout were captured at every site that bull trout
were captured in. As 8 result this data shows no difference in stream
temperature utilization between these two spécies. However, Spring
chinook salmon were only found in the lowest sites in both the Tucsnnon
River and Asetin Creek. ‘Stream temperatures were 199 C to 209 C in these
two streams at the lowest site, respectively. It appears that stream
temperature seperates bull trout and spring chinook salmon in streams in
southeast Washington. It may be attributed to a difference in preferences of
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the two species.. Of. it may be thatredd location, and subsequent YOY
location, determines the location of each species, or both.

STREAM FLOW

It is difficult to make stream discharge comparisons, 88 there are no stream
flow gauges located in the sampling reach of the streams. During our
habitat measurement activities, we recorded stream flow et -three of the six
Segments in each stream.

Stream flow,. in the study reach of each stream is presented in section ‘3.16,
and shows that the Tucannon was largest in terms of flow, followed by
Asotin Creek, Mill Creek, and the Wolf Fork. This data is musleadmg, as the
Wolf Fork was surveyed on June 25.and 26, while the Tucannon River was-
surveyed on June 27 and July 1. Asotin Creek was surveyed on July 2 and-
3, while Mill Creek was surveyed on July 11 and 16. The .reasen this
information is, presented .is that stream discharge we8 higher in June 1991,
than normal, and 8s a- resuit those streams. that were surveyed in June or
early July are higher than base summer flow. Table 3.16.5. is presented:to
allow for ‘better comparisons of stream flow; Mill Creek in the area of high .
YQOY bull trout density was 22.3 c.f.s. {7/11/91), Wolf Fork in the ares of
high WOY bull-trout density was 8.32 c.f.s. (7/16/91), the Tucannon. River in
the ares of high YOY bull tmut density was 11.7 e.f.s. (7/24/91).

Stream flow at the hughm radd in.each st:aam was oaﬁmatad w be 4.5
c.f.s. in Mill Creek, 2.0 c.f.8. in the Wolf Fork, and 2.6 c¢.f.8. in the
Tucannbn River.. o

The data collected during the first of this species interaction study shows.
that mten.pocms competltlon bgtweQn juvqmla -bull -trout, Stedhead trout,

at current papulation levels. However, competition betwesn Mﬂ bull .
trout and juvenile ad. trout may be opeuring for rearing habitat, but.
only minima4 habltat preference shifts were identified. between populaﬁena m

allopatry and sympatry.
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5.0 FUTURE RESEARCH NEEDS AND RECOMMENDATIONS

There are several methods currently used to determine bull trout populatlon
density in small streams. These methods include: snorkeling, bett day and
night, electroshocking, and trapping. Problems have been identified and
described with each of these methods.

Visually observing YOY and | + age bull’ trout is difficult in small streams
because of shallow water, dense and complex hiding cover,” poor visibility: -
due to a dense riparian canopy associated with small streams, and fish
entering the substrate. Shepard (1984) reports that juvenile bull trout can
be found on' or below the substrate.

Night-time snorkeling estimates wore reported to be 2.5 times {reater than
day snorkeling in the Metolius River, Orégon (Goetz 1990). This figure
should be used with caution, however, bec&use the mean6 were reported
from alarge number of-day time counts (210'Rabitat units) and only 42
night time units, and not from paired sites (lIDFG 1991). This data Is
substantiated, however by Goetz {1990} reporting higher upper ranges of
night:time counts for individual streams.

In Profile Creek, Idaho, IDFG (1991) reoprted minimal diferences between
day and night snorkel ¢ounts in 5 of 6 sites. IDFG (1991), states that
woody debris was sparse in Proflie Creek, which may be the reason for such
consistent day and night counts, while A was abundant in the Metolius River
sample sit#8.’ Daytime counts on the Metolius River may bé less effective ‘i
bull trout are selecting for woody debris cover during the day.

Minnow trap6 were used to estimate Dolly Varden populations by-Bloom
(1976). Hi6 resuits showed that these traps do not capture juvenilés smalier
than 41 mm or larger than 130 mm. Minnow trap6 have been used to
capture redside shiners in the Tucainon River and found that the small fish
(45 ‘mm < 80'mm) in the trap were @asy prey for laiger fish {140 mm - 160
rmm) that entered the trdp. . A6 &' resiit, ‘minnow traps were &continued in
the Tucannon River._Lestelle (1978) reported that fingerling trapping has
been successful in Oregon or Washington for fish as small 8s 75 mm.

Electrofishing was found to be effective for determining juvenile bull trout
densities in riffle, run, and cascade habitat in each of the study streams. It
seemed to be less effective in larger, deep pools, as the capture coefficient
of variation increased considerably in this habitat type. Shepard et al.
(1982), found this same trend, reporting that habitat type may play a role in
comparability and effectiveness of snorkeling and electrofishing. Bull trout

112




snorkel counts and electrofishing estimates: were similiar:for riffle and pocket
water but varied widely for poot-and run habitat (Shepard et al. 1982). - * ¢
IDFG (1991) concluded, and we concure, that if an absolute estimate of
juvenile ball trout density is considered critical, electrofishing (using biock
nets)-should be conduocted whenever possible. A

The diet of bull trout seems to vary considerably both within and betweets : -
streams of the Pacific northwest. Boag (1987), reported that above a
beaver dam in an Alberta stream, butt trout ate only insects, white
immediately below the:dam, in the presence of juvenile rainbow trout, bull
trout ate predominately rainbow trout and their eggs. Bull trout ase : v~
opportunistic and adaptive feeders. Skeesick (1989) reports the flndlngs ot~
many researchers, and should be reviewed prior to conducting a.diet
analysis of-bull. trout. To conclude; we ‘believe that ‘the: bull trouts®: diet. is:a:
function of its environment; organisms that are present will be consunted. =
This is substantiated in the three study streams in southeast Washington
that. were stiidied; -electivity:-values wers all clustered near- zero, indicaﬂng
no preference for invertebrates in relation. to their availability-in the - v
anvironment. : '

Furthermore,. any diet analysis in these streams, unless done- on: an -
extremely large number of fish, will provide no further information on this’
subject. However, if researchers wish to quantify the number of:fish or
eggs consumed, the use of emetics or iavage techniques may serve them
welt. The results of the 1990 and 1981 diet study show that aduit-bull :- -
trout feed little, if at-all on their:upstream migration in June and-July. The
nead arises, then, to -sample thess fisk in other seasons. This would bs
necessary-to determine their annual feeding habits and assos meir Impwts*
on juvenile-salmonid species in these streams.:

The macro-habitat and habitat characterlstlc preferences onOY and juvenih
butt trout were adequately described in this report, however the micro-
habitat (focal point) of juvenile and adult bull trout were nﬂ.doscﬂbed’;;;m
feet that summer micro-habitat utilization and preferences for juvenile bull . -
trout have been well defined by several authors (Pratt 19984; Shepard.
1984; Armstrong and Elliott 1972; McPhail and Murray 1879: Fraley and.
Graham 1981; Oliver 1979; and Ratiiff 1988). Limited information,
however, is available on the winter habitat of YOY and juvenile butt b-out
and summer and winter adult butt trout.

it was found that during the winter months, Dotty Varden juveniles hide in
dense mats of debris, or they may swim upstream to areas of ground water
seepage (Armstrong and Eliott 1972). The winter behavior of many
salmonids is presently known, and we would suspect that butt trout behave
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very similiarly. . As temperature decreases, metabolic activity decreases and
most juvenile salmonids burrow under rock or rubble.

We were unable ta quantify or sufficiently qualify the preferred :habitat of
adult bull trout in southeast Washington streams. Adultbull trout either .
evacuated the population inventory sites, or were not present in the site to
beginwith. As a result, information on adult bull trout habitat preference is
lacking;

In order to describe the habitat preferences of adult bull trout, it will be-
necessary:to make visual observations of the fish; snorkeling is the
recommended method. ‘

Fish movement and migration in the Tucannon River was not adequately, .. -
described due to small sample size and data from only three recaptured fish.
The movement and migration of bull trout is crucial information to describe.
their relationship with reéturning spring chinook salmon into the Tacannon
River, and spawning steelhead trout. Currently, the only known information .
on the Tucannon River is that bull trout move upstream, past Rk 82 in June,
spawn in September and October, and return some distance downstream.
Some descend the stream beyond the hatchery (Rk 82), but it is not. known
if this is true-for only a small portion of the population, or for a majority of
the population. - - BT

Steelhead trout spawn from Rk 30 to Rk 90 (Schuck, 1990 personal
communication). Several questions need addressed. Do bull trout interact
with the fish in April and May whaere:they spawn, and do buff trout ascend
the-stream in June and July to interact with the spring chinook salmon or
because of stream temperature? These are important questions that must
be addressed to fully understand the magnitude of species interactions in
the Tucannon River.

The use of radio telemetery would be the recommended technique to
describe. bull trout movement and migration-in the Tucannon River. .Thig
method would also allow for a description of habitat preference of these -
fish, -as it would-allow an observer to locate the fish quickly and observe lts
relationship to its physical environment.

N
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APPENDIX A. -

MATHEMAT!CAI. IDENTIFICATION OF BULL TROUT COLLECTED
FROM EACH OF THE STUEY STREAM& 1980 AND 1991
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MATHEMATICAL IDENTIFICATION OF BULL TROUT

Bull trout and Dolly Varden {Salvelinus maima) are the only species present
in Washington State that belong to the Charr family. Until 1978 these two
species were considered to be one species; Dolly Varden. After further
examination by Cavender (1978) they were determined to be seperate
species based on the examination of morphology, meristic counts, and bone
structures. Haas (1988) developed a method using branchiostegal number,
anal fin ray number, maxillary length, and standard length that separates
Dolly Varden and bull trout completely. The advantage of this formula is
that all four measurements can be made in the field without killing the fish.
This is an important consideration as bull trout are fisted as a Category 2
species by the U.S. Fish and Wildlife Service and are being considered for
possible addition to the List of Endangered and Threatened Wildlife under
the Endangered Species Act of A 973.

As a result of Cavender (1978) and Haas's (1988) work, it was determined
that Dolly Varden inhabit coastal arqas of the.Pacific Northwest and are
usually anadromous ‘while bull trout are found ‘in interior areas and are not
anadromous.. The gesgraphic¢ range of bulf trout and Doily Varden bveriap in
the Puget Sound area of Washington and along the British Columbia coast
(Cavender 1978, Haas 1988).

Haas's (1988) unweighted linear discriminant function is:

= [(0.63 x b) + (0.18 x a) + (37.31 x m/s)] - 21.8

Where:

linear discriminant function;

the total number of branchiostegals;

the number of anal fin rays; and

m/s = the maxillary length/standard length ratio.

f
b
a

nu

All branchiostegals must be counted, the best method of counting these
slender bones is to hold the fish by the lower jaw and opening the mouth to
“flare” the gill covers. It is reported that the branchiostegal number alone
will separate about 80% to 90% of the fish (Haas 1988).

All principal anal fin rays must be counted, however do not count the
branches of aray, only the primary ray itself.

2'26




The maxillary fength should be measured fromi‘the tip of the snout to the *°
posterior tip of the maxitlary bone, ~“All measurements were taken in a
straight line, from peint to point, rathér than around the curve.
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TABLE A.1. Meristic data collected.from bull trout in-Mill- Creek in 11990
and 1991. Values were entered into Haas's (1988)
Dolly Varden/bull trout differentiation formula.

Formula: {{0.63 x branchiostegal # + (0.18 x anal fin ray #) +
(37.31 x maxillary length/standard length ratio)] - 21.8

veristic data collected from bull trout in Mill Creek, 1991.

DATE OF BRANCHIO- ANAL FIN MAXILLARY STANDARD

COLLECTION STEGAL # RAY # LENGTH LENGTH FUNCTION
25-Jul-91 25 9 20 135 ° 1.097
25-Jul-91 25 9 19 138 6.707
25-Jul-91 28 9 21 155 2.515
25-Jul-91 24 9 28 202 0.112
25-Jul-91 26 9 32 231 1.368
25-Jul-91 24 9 19 149 -0.302
25-Jul-91 27 9 84 565 2.377
25-Jul-91 27 9 21 158 1.789
25-Jul-91 24 9 21 151 0.129
25-Jul-91 25 9 21 158 0.529
25-Jul-91 26 9 19 138 1.337
14-Aug-91 28 10 41 311 2.559
9-Aug-91 26 10 46 321 1.727
8-Aug-91 . 24 10 19 169 -0.685
8-Aug-91 26 10 25 181 1.533
8-Aug-91 26 10 26 195 1.355
8-Aug-91 26 10 19 145 1.269
8-Aug-91 26 10 20 158 1.103

"6-Aug-91 26 10 19 145 1.269
6-Aug-91 26 10 26 183 1.681
6-Aug-91 26 10 29 212 1.484
6-Aug-91 25 9 27 169 1,531
6-Aug-91 26 10 25 194 1.188
6-Aug-91 28 10 28 205 1.476
6-Aug-91 25 9 25 185 0.612
8-Aug-91 26 10 20 151 1.322
8-Aug-91 27 9 24 192 1.494

29-Aug-91 26 10 30 218 1514

29-Aug-91 28 10 28 192 3.081

29-Aug-91 29 10 28 199 3.520

29-Aug-91 27 10 23 205 1.196

29-Aug-91 28 10 20 150 2.615

29-Aug-91 28 10 20 145 2.786

29-Aug-91 28 10 21 181 1.969

29-Aug-91 28 9 20 153 2.337
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TABLE A. 2. Mmistic q;q coll :  tmm bu“,,m in tho Tucmnon River in

and 1991, vm"ﬁ@mmql into Haaes's (1988)
Dolly Vardeﬂlbg._lll~ trout diffanntlation formula.

/

DATE OF BRANCHia- ANAL Fm MAXIk‘LARY STAND&
COLLECTION STEGAL # ‘RAY # LENGTH ‘LENGTH FUNCTION
2-Oct-90 26 9 39 254 1.929
2-Oct-90 24 - 9 24 175 0.057
2-Oct-90 24 9 25 184 0.009
2-Oct-90 26 9 25 201 0.841
2-Oct-80 24 9 39 280 0.137
2-Oct-90 25 10 29 229 9.475
2-Oct-90 27 9 45 304. 2.353

2-Oct-90. 26 10 33 210 2.243 :
30-Jul-90 25 10 35.5 243 1.201
30-Jul-91 2 6 9 18 134 1.222
24-Jul-91 23 10 13 106 -0.934
24-Jul-91 27 10 20 172 1.346
24-Jul-91 2 7 11 44 351 1.867
23-Jul-91 27 10 44 351 1.687
1-Aug-91 25 10 38 282 0.778
24-Jul-91 26 9 16 142 0.404
24-Jul-91 26 9 15 123 0.750
24-Jul-91 24 9 14 123 -0.813
24-Jul-91 24 9 19 145 -0.171
24-Jul-91 26 9 13.5 105 0.997
24-Jul-91 26 9 17 138 0.796
24-Jul-91 25 8 17 117 0.811
24-Jul-91 24 9 14 110 -0.311
24-Jul-91 23 9 14 106 -0.762
24-Jul-91 22 9 14 98 -0.990
27-Aug-91 26 10 19 152 1.044
27-Aug-91 24 10 21 168 -0.216
27-Aug-91 26 10 16 125 1.156
27-Aug-91 26 10 16 120 1.355
27-Aug-91 27 10 49 307 2.965
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TABLE A.3. Meristic data collected from bull trout in the Wolf Fork in 199C
and 1991." Values were eéntered intd Haas's (1988)
Dolly Varden/bull' trout ditfersntiation formula.

i
AR}

BRANCHIO- ANALFIN  MAXILLARY STANDARD

STEGAL # RAY # LENGTH  LENGTH FUNCTION -

16-Jul-90 25 11 SO 370 1.980
' 22-4ul-90 26 10 15 135 0.526
22-Jul-91 26 9 15 135 0.346
22-Jul-91 25 9 - 38 258 1.065
18-Jul-91 25 10 41 275 1.313
28-Aug-91 26 10 19 161 0.783
28-Aug-91 26 10 17 124 -1.495
28-Aug-91 26 10 18 158 0.631
28-Aug-91 26 10 21 169 1.01'6
28-Aug-91 26 10 16 140 0.644
28-Aug-91 25 10 19 148 0.540
28-Aug-91 26 10 17 145 0.754
28-Aug-91 25 10 19 148 0.540
28-Aug-91 26 10 57 410 1.567
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TABLE A.4. Meristic data collected from bull trout in Asotin Creek in 1990
and 1991. Values were entered into Haas's (1999)
Dolly Varden/buil trout differentiation formula.

BRANCHIO- ANAL FIN MAXILCARY STANDARD

STEGAL#  RAY# LENGTH __ LENGTH __ FUNCTION
20-Aug 25 10 19 162 0,126
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APPENDIX B
SITE SPECIFIC FISH POPULATION ESTIMATES ( + /- C.I.) AND

DENSITY (+ /- C.1.) FOR EACH STECIES COLLECTED IN EACH OF
THE STUDY STREAMS, 1991.
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TABLE B.l.
POPULATION ESTIMATES FOR Y-O-Y BULL TROUT IN MILL CREEK, 1991

HABITAT = POPULATION  CONFIDENCE SITE DENSITY  CONFIDENCE
SITE # TYPE ESTIMATE INTERVALS  AREA (M2} (#/100M2)  INTERVALS
2 | Scwurool | 3 0 89.5 2.8 0
3 Rittle | 11 0.2 [ 14.2 0.26
4 Cascade | 12 1.5 56.4 23.8 | 3
5 | Plunge Pool 2 0 46.8 43 | 0
] Scour Pool 1 0 66.4 1.5 0
7 Riffle 9 1.8 78.6 11.5 2.3
8 Cascada 6 0 139.7 4.3 0
9 Riffle | 10 1.9 94.6 10.6 2
10 Cascade 3 9 117 26 | 0
1 Run 2 0 63 3.2 )
12| Scour Pool 3 1.1 92.6 3.2 1.2
13 “Riffie 8 7.4 123 6.5 6
14 Plunge 1 0 69.7 1.4 0
16 | Cascade 2 0 127 1.6 0
16 |  Run 1 0 915 1.1 0
17_| Plunge Pool 0 0_ 120 0 0
18 Riffie 2 0 203.8 1 0
19 | Scour Pool 0 0 1565.1 0 0
TABLE B.2.
POPULATION ESTIMATES FOR JUVENILE BULL TROUT IN MILL CREEK, 1991
POPULATION  CONFIDENCE SITE DENSITY CONFIDENCE
SITE # HABITAT TYPE  ESTIMATE INTERVALS _ AREA (M2) _(#/100M2) INTERVALS
1 Scour Pool 11 2.5 69.5 15.8 3.6
2 Run 3 0 37.6 7.9 0
3 Riffle 10 0 77.6 12.9 0
4 Cascade 4 0 50.4 7.9 0
5 | Plunge Pool 9 0 46.8 19.2 0
6 Scour Pool 7 2.1 65.4 10.7 3.2
7 Riffle 8 9 78.6 10.2 1.1
8 Cascade’ 16 1.9 139.7 11.4 1.4
9 Riffle 8 0.3 94.6 8.5 0.3
10 Cascade 5 0 117 4.3 0
11 Run 8 0 63 12.7 0
12 Scour Pool 8 1.2 92.8 8.8 1.3
13 Riffie 7 0 123 5.7 0
14 | Plunge 3 0 69.7 4.3 0
15 Cascade 3 0 127 24 0
16 Run 1 0 91.5 1.1 0
17 | Plunge Pool 3 0 120 2.5 0
18 Riffle 3 3.2 203.6 1.5 1.6 -
19 | Scour Pool 0 0 155.1 0 0
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TABLE 8.3. -. - . o . .
POPULATION ESTIMATES FOR Y-d-Y RAINBOW TROUT IN MILL CREEK, 1991

HABITAT

POPULATION

CONFIDENCE:

. ”:E\STJM'ATE _INTERVALS - AREA (M2).

SITE .

(#2T00M2) -

- INTERV

=,

DENSITY CONFIDENCE

S i

©

i
AL o

: 64
B “:" . 6 1 Ca

o] »|ololSlof ol o}

E 2Lt

- MO
phr

A

olo}:

T

o

x>}

%
o]

A=,
Soof

—d

- FERRNES RANNARY

o
~4!
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| ABLE 6.4.

POPULATION ESTIMATES FOR JUVENILE-RAINBOW. TRDUT IN MILL CREEK, 1991
DENSITY CONFIDENCE

POPULATION

CONFIDENCE

SITE

. HSFERVA|

1

SITE # HABITAT. TYPE - ESTIMATE -

-
-y

g

B

peptdt

=g N

134

5 “INTERVALS . AREA (M2) - (#/300M2) -’ IR¥
ScowPool | 8 708 T638 | 29 13
m o o __..gr Yo 0 v 37.6 Lo _9.2-
T one . 1 2. 4 .6 2.6 < 5.
Cascade 1 .. 0. L. O o g; 0 )
w . PR BN S ' O B ¥ 5
our Bodl | o 11 = ! %.4 16.8 L . &3
—__Riffie &} 45 C 8.6 5.1 ~57
“Cascade | B 1 21 | 130.7 7 "5
“Vile . 1T ~ 0 7] 94.86 : 0.
: T3 T D j 117 | )
) A N ] [ 83 | 0
— Scour Pool | - 7 0.8 92.6 | ~ 395
Rifie | 6 0 123 )
w5 o
: 127 )
a q ;: - TT 2 - - ﬁ
12 [+) 15 ) I
T 0 03.6 R
70 0 55.1 0
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TABLE B.5.
POPULATION ESTIMATES FOR Y-O-Y BULL TROUT IN THE WOLF FORK, 1991

HABITAT  POPULATION CONFIDENCE SITE DENSITY  CONFIDENCE
SITE # TYPE ESTIMATE INTERVALS AREA (M2) ' (#/100M2) , INTERVALS
) | SeouwPanl | 0 ] 0 20.7 .0 4 - -0
Tz Hun ! 4 f 1.9 21.7 77 T 5.9
3 Riffie -3 0 66.7 9 0
4 Cascade _ 2 12 32.7 6.1
"5 ﬁ'?m%f : T ) 15.7 6.4 N
6 | Plunge P 0 0 26.4 0 0
7__|_Cascade 1 0 60.8 1.6 )
8 "Run 1 — 0 56.1 1.8, 0
9 Riffle 2 0 78 13 | 0
10 | Scour Pool 0 "0 55.4 Q. f =0
71| Scour Pool "0 "0 % 0 . . 0.
12 Riffle -0 3 ? -3 0
13 Cascade 0 0 122 N
14| Run ] 0. 128 — 0 .
15__| Plunge Pool 0 ) 132 [ 0 0 __
16 | P : 0. L0 [ 297 | 0 . 0
17| Scour Pool 0 0 876 0 0
18 Run —0 0 56.4 0 0
19| Fiffle i) 0__ 885_| 0© 0
20 Cascade 0 0 86.2 0 0
TABLE B.6.
POPULATION ESTIMATES FOR JUVENILE BULL-TROUT iIN ME WOLF FORK 1991.
HABITAT POPULATION CONFIDENCE SITE DENSITY: CONFIDENCE
SITE # TYPE ESTIMATE __ INTERVALS  AREA {M2)  {#/100M2)  INTERVALS '
T o Psh 4 1.9 26.7 | 16 | 7.1 .
) Run | 2 7 Eik 72 | o6
3 Riffie 4 i 0 66.7 | . 1.5 T—
4 Cascade T = 32.0 ‘» _.?r N A
5 . Pool |- 1 i 16.7 & ' : .
7 ‘ 3 0 50.8 35 -0
LN Run 1 ~0 B6.1. T.8 ]
9 Riffle_ 3 0 78 , | 1
70 | Scow Pool (] 7.7 554 10.8 <A
11__| Scour Poodl 0 0 — 68 L L
12| Fiffie 0 0 52.5 o A
13 Cascade 0 0 36.56 0 0
14 Run 0 0 42.8 0 0
5__| Plunge Pool 0. 0 132 0 0
16| Plunge Pool 0 0 29.7 0 0
17 ﬁ" Pool 0 0 87.6 0 0
18 | hun 1 0 56.4 18 0
19 Riffie 0 0 88.5 0 0
20 Cascade 0 0 86.2 0 0
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TABLE 8.7.
POPULATION ESTIMATE3 FOR Y-O-Y' STEELHEAD TROUT IN THE WOLF FORK,
1991.

LA NABITA“F PQPULATIQN CQNFJQME SITE. DENSITY’  CONFIDENCE
5";5"" TYPE - v .tm‘vaLs _AREA (M2) (moonm INTERVALS
oi 0.0
—0.0- | 0.0

. 0.0 ] 0.0
00 | 00

- 0.8 1T 0.0 .

3.6 0.0
45 5.9

6.2 1.2
3.3.’,. 1. a9

. St ..
26 | 00

0.4 | 00
05 | _ 00 .
1.5. 1. . 00

-1 Y

—10.3 7.

N N

TABLEBS. = |,
POPULATION ESTIMATES FOR JUVENILE STEELHEAD TROUT IN THE WOLF FORK
1991.

‘r‘,

SITE#  HABITAT ' POPULAHOQ‘ 'CONFIDENCE  SITE DENSITY counoeucs i
' _TYPE__ ESTIMATE_ _INTERVALS _AREA (M2} }
Soour Pool 3 [ &# [ 267

.-§:~ 27.7 | O
Ga) 337
;TM.} ..0 . _;4,,;,.; , -:7%

[




TABLE B.9.
POPULATION ESTIMATES FOR Y-O-Y BULL TROUT IN THE TUCANNON RIVER, 1991.

HABITAT POPULATION CONFIDENCE SITE DENSITY CONFIDENCE
SITE # TYPE , ESTIMATE INTERVALS . AREA (M2) {#/100M2) INTERVALS
1 Cascade | 9 | 9 1 628 | 144 1 14.4.
2 __mn ) 2.7 68.1 . . 03 | 46
3__| Plunge Podl 1 — 0 29.9 33 0
4 Scowr 4 —_ 0| 368 1.2 0
6 Riffie 2 0 66.2 3 "0
6 | Rife 2 0 | 661 3 0
—7__| Plunge Pool 1 0 | 604 [ 2 [
8 Run T 0 110 0.9 0
9 Casacde 1 0 49.2 7 0
10| Scour Pool 1 0. 733 14 0
11 Run 0 0 62.1 o] 0
12| Scour Pool 1 0 53.3 T3 0
13 Riffie 4 — 3 51 ~ 7.8 - 78
14_| Cascade 5 0__ 41.2 121 0
16| Piunge Pool 3 1.9 324 12.3 59
16 Run T — 0 142.5 0.7 0
17 |  Riffie 1 T 0 82.4 12 — 0
18| Plunge Pool 0 0 38.2 o | - 0 -
19 Cascade__ 2 a8 97.4 7 49
20 | Scour Pool 1 0 181.1 0.6 —0_

TABLE B. 10.
POPULATION ESTIMATES FORJUVENILE BULL TROUT IN THE TUCANNON RIVER, 199%;
POPULATION ‘CONFIDENCE ‘sITE DENSITY  CONFIDENCE
SITE # HABITAT TYPE __ESTIMATE __INTERVALS A RE A (M2} (#/1 00M2) INTERVALS
1 Cascade | 0 [ 0 T 62.6 I
2 Run | 2 Q 88, 34 |0
3 r; e T L 5 =
4 ‘Pool E B " 36.6 2.8 0.
6 Riffle 0 - 0 '66.1 = .
7 Plungg Pool 1 0 50.4 2 [ 0
8 R 2 ) 110 18 0
9| Casacde 0 0 g.d» ~_ 0 ia_
10 oww Pool . R N 6.2 . 73.4 3.1 " o
11 ].. Run 0 0 B2.1 % 0
12 Scour Pool 5 :§ — E§'§ T 54 1 §
13 | Riffie 2 0 51 39 0
14 Cascade 0 0. 4.2 5 0
16| Phungs Podl — 0 - 1 324 31 %
16 Run_ % 0 s%sw 5%1 q: —0
17 Riffie 0 ] ~ )
18 | Plunge Pool . 0 0 38.2 0 T 0
19 ‘| Cascade | . 2 1.8 9747 ] 2.1, 1 7.9
| 20 | Scowr Pool , - ° e 2.1 | 1°
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TABLE 8.11.

POPULATION ESTIMATES FOR Y-O-Y STEELMEAD TROUT IN'THE TUCANﬂON R|VER
1991.

HABITAT POPULATION CONFIDENCE SITE DENSITY CONFIDENCE
SITE# _ TYPE - . ESTIMATE __ INTERVALS _AREA (M2) tam oomz) INTERVALS
1 4G 12 T 0 T 626 - .00
g K 0 0 "58.1 O_E ."j:fe:..,f" 0.0
3 | 0 0 29.9 0.0 |- 0.0
4 T3 - 0. 736.6 8.4 00 __
5 | R 0 "66.2 0.0 0.0
8 1 0 681 15 0
7 7 0 50.4 3.0 oo
8 T 0 70 .| 1.8 1
9 | T - 0 9.4 . 2.0 o%
10| T . —0 73.4 1.4 - .
1| 3 25 2.1 32 ..403
12 3 0 53.3 5.6 i
) 2 R " 61 2.0 - o&
14 q g 0 41.2 | 2.4
15 3 75 324 | 93 12371
16 1 r 3.2 1453 2% -1 = = .2 &
AR 3 0 B82.4 q, 0.0 o
L ) 0 138.2 76 {5 04
[ 20 | £ 24 181.1 28 . 1. 1.3 ¢

\

TABLE B.12.

POPULATION ESTIMATES FOR JUVENILE STEELHEAD TROUT IN THE .TUCANNON RIVER,
1991.

POPULATION CONFIDENCE SITE DENSITY CONFIDENCE
SITE # HABITAT TYPE _ ESTIMATE INTERVALS _ AREA (M2) _(#/100M2) _ INTERVALS
1 Cascade 3 0 82.6__ 48 0.0
2 |  Run 1 0 58.1 1.7 _ 0.0
3 | Plunge Pool 4 0 29.9 13.4 0.0
4 | Scour Pool ] 0 36.6 2.8 0.0
5 Riffle 6 0_ 66.2 9.1 0.0
6 Riffle 0 0 66.1 0.0 0.0
7 | Piunge Pool 9 6 504 17.9 11.9_
8 _fun 3 3 110 27 2.7
9 Casacde — 0 0 49.4 0.0 0.0
10_| Scour Pool 5 15 734 6.8 2.0
11 " Run 2 26 62.1 3.2 40.3
12| Scour Pool 2 0 53.3 338 0.0
13 Riffie 0_ 0 51 0.0 0.0
14 Cascade 1 0 41.2 2.4 0.0
16__| Plunge Pool ) 0.9 32.4_ 24.7 2.8
16 Run 14 1.3 142.5 9.8 0.9
17 Riffle 0 0 82.4 0.0__ 0.0
18| Piunge Pool 3 0 38.2 7.9 0.0
19 Cascade 3 3 97.4 3.1 31
20 | Scour Pool 17 45 181.1 9.4 2.5
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TABLE B. 13.
POPULATION ESTIMATES FOR- JUVENILE SPRING CHINOOK SALMON IN
THE TUCANNON RIVER, 1991.

POPULATION CONFIDENCE SITE DENSITY CONFIDENCE
SITE# HABITAT TYPE  ESTIMATE INTERVALS AREA (M2) (#/100M2) INTERVALS

#/1

1 Cascade 0 Q0 62.8 0.0 0.0
2 Alin_ 0 0 £8.1 0.0 0.0
3 Plunge Pool 0 0 29,9 0.0 0.0

2 Scour Pool 0 — 0 36.6 0.0 0.0

5 Riffis 0 0 66.2 0.0 0.0

6 Riffle 0 0 861 | 0.0 0.0

7| Plunge Pool 0 0 50.4 0.0 00

8 Run 0 0 110 00 | 00

] Casacde 0 0 484 00 1. 00
10| _Scow Pool 0 0 734 00 | 00

111 Run 0 ) 821 0.0 0.0

12| Scour Pool 0 0__ 533 00 0.0

13 "~ Ritfie 0 0 81 0.0 0.0

14 | Cascade 0 ) 41.2 0.0 0.0

18 Plqu:ool 0__ 0 324 0.0 0.0
18 * 2 0 142.5 14 — 00
17_|__ Riffle 0 0 824 00 0.0
18| Plunge Pool 8 0_ 382 167 1 00
19 scade 3 11 974 3.1 11
20| Scour Pool 42 8.2 1811 23.2 34
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TABLE B. 14.

BULL TROUT DENSITIES IN ASOTIN CREEK, 1990. THE FORK LENGTH OF

AU CAPTURED BULL TROUT ARE REPORTED (## mm). .

JUVENILE BT  ADULT ST
SITEAREA DENSITY DENSITY
SITE# HABITAT TYPE {M2) (#/100M2) (#/100M2)
1 Pool  .]. . 21 0 0
2. Rifte [ 88 o _0
3 - Run 70 0T -0
8 Run 77 0 o
7 Pool 89 _0; 0
8 Riffle 103 o 0
9' - Rtm - 73 o - . o 5 RPN °L
10 1 Run— s 10228mm 1~ © -]
12 Ritfle ) o -0 F
13 - Run - 850 - 2.0 (188 mm)~ [20 (322 mm)
14 Pool 88 ;- 12.0 (283mm)
15 mifie | 108 m# o
18 Run 7 o o

TABLE B.1S5.

POPULATION ESTIMATES FOR SPRING CHINOOK SALMON IN

ASOTIN CREEK, 1990

Y,

-

HABITAT POPULATION CONFIDENCE SITE DENSITY  CONFIDENCE
SITE # TYPE ESTIMATE INTERVALS AREA {#/100M2) INTERVALS

1 ] Pool 18 0 1 L i 88.7 0

2 1 Riffle 0 0 | 88 | 0.0 0.0
3 Run 1.4 1.4 70 2.0 2.0
4 Pool 0 [4) 73 0.0 0.0
] Riffle 0 0 126 0.0 0.0
8 Run 10 0 77 13.0 0.0
7 Pool 13 1.1 89 18.8 1.8
8 Riffle 1 0 103 1.0 0.0
9 Run 0 0 78 0.0 0.0
10 Run 0 ("] 96 0.0 0.0
11 Pool 47 4.7 87 70.1 7.0
12 Riffle 0 0 83 0.0 0.0
13 Run (] 1) 80 12.0 o

14 Pool 0 0 53 0.0 0

18 Riffle 0 [ 108 0.0 0

18 Run 0 0 79 0.0 0
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TAME B.16.
POPULATION ESTIMATES FOR Y-O-Y STEELHEAD TROUT INASQTIN

CREEK, 1990.

HABITAT POPULATION CONFIDENCE SITE DENSITY CONFIDENCE
SITE # TYPE ESTIMATE INTERVALS AREA (#/100M2) INTERVALS
1 Pool 20 0.6 21 862 | 2.4 :
2 Riffle 27 .. 1.9 - 88 30.7 2.2
3 Run 41 13.8 3 70 { .-68.8 19.7
4 Pool 850 1.2 . .73 . 68.5 1.8
8 Riffle 58 1.7 126 44.8 1.4
L] Run 88 3.3 . 77 114.3 4.3
7 Pool 71 . 4.1 i d 102.9 - __ B.9
3 Riffie 39 1.3 ... 1038 . 37.8 1.3 -
9 Run 38 1.7. S 78 50.0 2.2
10 Run 83 . 1.8 96 868 | 1.7
11 Pool 31 : 1.8 87 48.3 2.7
12 Riffle 34 1.1 - 93 368.8 1.2
13 Run 81 08. .| 80 102.0 1.2
14 Pool 39.. 1.6 83 73.6 28
16 Riffle 37 ] 1.2 : 108 34.3 1.1
16 Run 81 1.2 79 64.6 1.5
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APPENDIX C

s

HABITAT UBILIZATION HISTOGRAM% FOR EACH AGE CLASS OF
'BULL'TROUT AND STEELHEAD TRQUT snmﬂgn IN EACH OF
THESTUDY STRE Ms 19§1 .
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Gravel utilization by Y-O-Y bull trout in Mill
Creek, 1881.
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Cobbie utilization by Y-O-Y bull trout in Mil
Creek, 1991.
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Boulder utilization by Y-0O-Y bull trout in
Mill Creek, 1991.
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FIGURE C.I. Habitat utilization by YOY bull trout in Milt Creek, 1991.
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: Ml Creek, 1991.
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FIGURE €.2. Habitat utilization by juvenile bull trout in MiII'Creek, 1991.
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Gravel utilization by Y-0-Y rainbow trout in

Cobbie utiizetion By Y-O-Y rainbow trout |

- " Mill Creek, 1991 in Mill Creek, 1991. :
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FIGURE C.3 Habitat utilization by YOY rainbow trout in Mill Crook, 1991.
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Gravel utilization by Juvenile rainbow trout
in Mill Creek, 1991.
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Cobble utifizetion by Juvenile rainbow trout|
in Mill Creek, 1991.
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FIGURE C.4. Habitat utization by juvenile rainbow trout in Mill Creek, 1991
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Gravel substrate utilization by Y-O-Y bull
trout in the Wolf Fork, 1991.

Cobbie substrate utilization by Y-O-Y bull '
trout in the Wolf Fork, 1991. !
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FIGURE €.5. Habitat utilization by YOY bull trout in the Wolf Fork, 1991.
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Gravel substrate utiization by juvenile bull
trout in Wolf Fork, 19981,

Cobbhuﬂuﬁonhymwmh
the Wolf Fork, 1891
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FIGURE C.6. Habitat utilization by juvenile bull trout in the Wolf Fork, 1991.

148




Gravel utilization by Y-O-Y steelhead trout
in the Wdf Fork, 1991.
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Gravel utitzetion by Juvenlis stesthead Coblie utiization by juvenile stesthesd |
trout in the Walf Fork, 1991 " trout in the Welf Fork, 1991.
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FIGURE C.8. Habitat utilization by juvenile steelhead trout in the Wolf Fork, 199’
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Gravel utilization by Y-O-Y bull trout in the
Tucannon River, 1661.
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Gravel utilization by Y-O-Y steelhead trout
in the Tucannon River, 1991.
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Gravel utiilzation by Juvenile steslhead
trout in the Tucannon River, 1661.
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TABLE D.l.
Mill Creek benthic macroinvertebrate samples coliected on July 25,
1991. Density (#/sq m.) of each invertebrate is reported.

SAMPLE # 1 DENSITY
DIPTERA # OF BUGS (#/ so. M}
Chronomidae 483 12
Chironomid pupa 7 1
Ceratopogonidae 2 B3
Empididae 27 ‘
Pelecorhyohidaa 4 —107
Simulidae 23 813
Empidae 1 ‘
TRICHOPTERA
Brachycentridae 3 80
Gloesosomatidae 0
Hydropeychiiae A 0.
Hydroptilidae [*]
Lepidostomatidae ‘0
Leptocerides s o3 213
Limnephilidae 2
Philopotamidae 0
Rhyacophilidae 8 213
Trichop. pupa 1 27
COLEOPTERA
Dytiscidae 0
Elmidae larva 12 320
Elmidae adult 0
PLECOPTERA
Ckloroperlidas 88 3347
Nemouridae 2 B3
Perlidae [ 133
Perlodidae ]
Pteronarcyidae I 0
EPHEMEROPTERA
Baetidse 138 3627
Ephemereliidas 28 433
Heptageniidae 32 53
Leptophiebiidae 0
OLIGOCHAETA | | oUU |
NEMADOTA I 1. T 480 |
TURBELLARIA
MOLLUSCA r [ T 1573}
HYDRACARINA r 28 | I |
COPEPODA I 1 i 27 )
OSTRACODA [ 43 | 1147 ]

156




TABLE 0.2.

Wolf Fork macroinvertebrate percentages for each Order or Class reported.
Dénsities were estimated by taking the average density for the other
three stream sampled and using that value for the Wolf Fork.

MILLCREEK ... TUCANNON ASOTIN MEAN
SPTERA Envg%%ﬁm swmomm : Envmgiut — ,,fﬁng.ENIAeE
TRICHOPTERA H . | 0.022 ~ ] 0.033 ] 0.025
COLEQPTERA ] 0.012 I 0,034 | 0.088 0.045
PLECOPTERA I 0098 | 0.101 ] 0.068 | 0.088
EPHEMEROPTERA [ 0.758 T AL - SR | 0.387" I “oT8E
OLIGOCHAETA [ "U% | T . S W S Bo8
NEMADOTA [ OO T 0T "'-'é.mwj
ol T S .. S — A S— —
MOLLUSCA C m 1 I 0002 1 mt__J
HYDRACARINA [ —1 “ﬂm | o.ohn‘ —1 i
COPEPCDA [ | - 1 o —T—guur-
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TABLE D.3.

Tucannon River benthic macroinvertabrate samples collected, on July 24, 1991.
The mean and standard deviation. of the three samples as well as

the density (#/ sq. m) of each invertebrate is reported.

ORGANISMS SAMPLE#1  SAMPLEx2  SAMPLE X3 MEAN DENSITY
DIPTERA # OF BUGS # OF BUGS #OFBUGS NUMBER S.D. {8Q. Ml
Blepharidae - ]
Chronomidae T3Z k] 4L T28.0 738 347133
Chitonernid pupa k4 L« 2 2 1.7 V.2 37.9,
Ceratopogonidae ; i .(
Empididae
Pelecorhychidae (Y [ T8 53 T — 132.2
Rhsgionidar
Simulidas e
Simulid pupa 7 (] () 4 R 17
Tabsnidss :
Tanyderidae - e ‘ :
Tipulidae P 0 2 0.7 0.9 .. 178
TRICHOPTERA )
Brachycentridas A 2] 3 LI 385 | 1333
Glossosomatidae 4] Z k- 37 KR] 7.8
Helicopsychidse il
Hydropsychidae
Hydroptilidee =
Lepidostomatidae
Leptocerides o T i ] B C
Limnephilidas [¢) ) T 2] .5 3.9
Philopotamitae " D S i o
Rhyacophifidae i3 T 1 5 5.9 8 1 222.2
Trichop. pupa s j ‘
COLEOPTERA
Hydrophillidar ] | 1 0 P 0s ] V.o | 5.9
Eimidae larva 12 | 5 52 [ 26.3 | 26.4 | 7022
Elmidae adult
PLECOPTERA
Chloroperlidae pio] TS i 143 3.9 382.2 |
Nemouridae .3 L] 85 57.0 Al T620.0 |
Perlidae 2 T 18 8.0 8.7 0.0 |
Periodidae
Pteronarcyidae
EPHEMEROPTERA
Baetidae 80 is] 55 48.0 18.% 1228.7
Ephsmereliidae TS 20 32 271.7 7.8 .
Heptageniidee 2% pi:) 73 320 " 22.0 TT20.0 |
Leptophlebiidae ] T Z T.0 0.8 6.7
Tricorythidae
OLIGOCHAETA | 30 | T2 T 220 T T10.7 | 78.4 | 2961.1 |
NEMADOTA | 7 T 0 T 4] [ 233 | 323 ] 8227 |}
BIVALVE | | | | | | |
HYDRACARINA [ 0 | 1 | y4 [ Y0 | 038 | . |
COPEPODA | T [ [ [ |
AMPHIBIAN I T | [+] | 0 T 03 | 05 |
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TABLE D.4.

Asotin Creek benthic macroinvertabrate samples collected on August 1, 1991.

The mean and standard deviation of the three samples as well as
the density (#/ sq. m) of each invertebrate 8 reported.

ORGANISMS

DIPTERA
Blepharidae
Chronomidase
Chironomid pupa
Ceratopogonidae
Empididae
Pelecorhychidae
Rhagionidae
Simulidae
Simulid pup
Tabanidee
Tanyderidae
Tipulidae

TRICHOPTERA
Brachycentridae
Glossosomatidae
Helicopsychidae
Hydropsychidae
Hydroptilidse
Lepidostomatides
Leptoceridae
Limn:
Philopotamidee
Rhyacophilidse
Trichop. pups

COLEOPTERA
Hydrophillidae
Eimidee iarva
Elmidas adult

PLECOPTERA
Chloroperiidae
Nemouridse
Perlidee
Periodidae
Pteronarcyidae

EPHEMEROPTERA
Baetidae
Ephemeraeliidas
Heptageniidae
Leptophisbiidae
Tricorythidee

OLIGOCHAETA

NEMADOTA

BIVALVE

HYDRACARINA

COPEPODA

SAMPLE #1  SAMPLE #2  SAMPLE #3 MEAN DENSITY
# OF BUGS #OFBUGS #OFBUGS NUMBER S.D. sQ. M)
B 13 I a 27 T _3x3 T __Ml
%7 140 [ 134 [ Y070 ] 325 | 28833 |
< T T vl 23 T <d 7 8 A
_ | | | | _
ol ] | 3 3.9 T 24 1 80.0
13 L) 23 ~89.7 | 33.2 T857.
z T (Y T.0 [*R:] 28.7
t 2 14 8 8.0 4.3 213.3
T 1L B 7.0 5.9 T38.7
T 3 - TO 0.8 "
- 7 B 0.0 B.7 LN A
] (4] 1 0.3 (-3 59
T *B 3 T3 T.2 —38.8
0 <] L2 TO T3 "
L —
18 86 42 |__48.3 277 12859 ]
> 13 B 7.7 % 204.4
p 4 8 (4] 2.7 25 AR
22 2% i 0 | 29 [ _sss7 |
4 T3 24 13.7 — 8.2 {2 % S
| i ] 1 1.0 0.0 |
~98 ST 273 248.7 !;_;: 8033 ]
T — g TS TZ3 D 3By |
LI — 82 74 0 | _20.8_| 13000 |
3 3 ) 20 \E 3 3.3
[ 0 5 | 3 L2 1 2V 1 111
[ 2 10 | 1 .43 [ A0 [ 1168 ]
| 2 2 | o [ & [ 09 ] T
L Z 8 [ ] 70 [ 27z T 188, 1]
i U 4 | ) | 13 T 1.9 | ]
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~ APPENDIX E

STOMACH.CONTENT DATA USED TO DETERMINE THE INDEX

OF RELATIVE IMPORTANCE, DIET OVERLAP, AND ELECTIVITY

INDICES FOR BULL TROUT, STEELHEAD TROUT, AND spmm
5 CI-II ' SALMON, 1991. |
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TaBLE E.7.

Diet analysis of 10 juvenile (100 < x <250 mm FL) bull trout collected

from Mill Creek, July 27, 1991. The number and weight{g) of each

organism found in each stomach is reported.

DIPTERA
Chironomidae

Chironomid pupa
Chironomid adult

Empididae
Pelecorhychidae
Simulidaa
Simuilid pupa
Tabanidae
Tipulidae

TRICHOPTERA
Brachycentridae

Glossosomatidse

Hslicopsychidae
Hydropsyohidas

Lepidostometidae

Leptoceridae
Limnephilidee
Rhyacophilidae
Hydrophititdae

COLEOPTERA
Hydrophilidee
Elmidae larvae
Elmidae adult
Carabidae

PLECOPTERA
Chioroperlidae
Perlidae
Pteronarcyidae

EPHEMEROPTERA
Baetidae
Ephemerellidae
Heptageniidee
Leptophiebiidae

OLIGOCHAETA

TURBELLARIA

MOLLUSCA

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA

UNIDENTIFIED PARTS !

COTTIDAE

COMBINED COMBINED FREQ. OF
NUMBER % BY # WEIGHT % BY WT. OCCURREN.
3 B5.56% . 0.1% 0.5
1 T11% 0.0007 | 00'% 0.1
1 TIT% | 00001 [ O001% 0.1
0 0
q 3.43% 0.0001 0.01% 0.1
1 T.11% 0. X 0.1
0 0
0 0
—0 0
0 0
0 0
3 3.33% . ogg‘ﬁ, 0.53% 0.1
o N
0 [¢]
0 0
0 0
) . 1] »
T T11% T 80007 | O00T% =01
— 0 T @ s ‘ -
g
g - -0 .
0 0 ..
0 [+ B -
0 0
1 T.11% 0.01 T.% 0.1
[+] [}
I T.11% 0.0001 | 0.01% 0.1
14 185, 0.7987 80.21% 0.3
0 0
30 “33.33% 0.0019 0.19% 0.9
3 3.33% | 00011 | 011% 0.3
-3 ~6.57% 00028 | 0.28% 0.4
SE—] 5
| 5 656% | 00022 | 022% | 0.1
I 2 2.22% | 00001 | 001% | 0.1
[ 1 T11% | 0.0001 [ 001% | 0.1
l 0 | 0 | |
f 5 % | 00008 | 0.08% | 0.3
1 2 2.00% | 0 .0202 [ 2.,03% | 0.1
2 2.232304 J 0.0003 }—0030% J 0.2 I
| w ® | 015 | 15.08% | 01
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TABLE E.2.

Diet analysis of 10 juvenile {300 mm < x < 250 mm FL) bull trout collected

from Mill Creek, August. 28, 1991;.. The number and weight (g) of each

organism found in each stomach is reported.

COMBINED COMBINED --FREQ. OF

DIPTERA NUMBER % BY: # WEIGHT % 8Y WT. OCCUR.
Chironomidae "3 2o W (%15 90 0.3
Chironomid pupa 0 (0 .
Chironomid adult 0 (2] e
Empididae L " 0 _

Pelecorhychidae S A Lo i : : e
Bimulidaa e e T3 Lo ooz 4 S O AL 0.2
Simulid pupa 0 ) ) :

Tabanidae - )

Tipulidae ) )

TRICHOPTERA 2 ) 0 w
Brachycentridae 0 ‘ ~0 , T
Glossosomatidae 1 ' " .80 o] O.004d 0.3% K
Helicopsychidiés [*] )

Hydropsychidas™ - I 0
Lepidostomatides i ]
Leptoceridse ) ™0
Limnephilidee i B o
Rhyacophilidae (o I ; )
Hydrophilides 0 )
COLEOPTERA"™ o \ —%
Hydrophilidiie e 7 By T8
Elridae larva T T SR
Eimidae adult ISR T N S
Carabidae "o o

PLECOPTERA 3 -

Chioroperiidee” 0 - ZERE j E
Perlidae 7 K 8§ kW 0.6
Pteronarcyidae 0 Q

7 ) : 3 il ]

EPHEMEROPTERA : i . :
Baetidee : 0% - [1X]
Leptophlebiidas

OLIGOCHAETA E [+] | 1 [*) T - [ |

TURBELLARIA T 4] T ] v T T l

MOLLUSCA - - T T 01 ] ]

i_’ ‘ A f‘, i * ‘;{f Jote |
HYDRACARINA R - D | ' ] Y B 1 ]
: cg® TR MCE

TERRESTRIALS [ i T 38R 1 o8I T B.I7% ] X3

LEPDOPTERA ~ [T% T s T T T TR T 0.2 1

UNIDENTIFIED PARTS [0 | T ) | i |

COTTIDAE % 1 %% | 1.3988 | S8.1I% | |
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Table E.3.

Diet anslysis of 10 juvenile (100 < x <250 mm FL) rainbow trout collected
from the Wolf Fork River, July 25, 1991: The number and weight {g) of each
organism found in each stomach is reported.

DIPTERA
Chironomidee
Chironomid pupa
Chironomid adult
Empidiiaa
Pelecorhychidae
Simulidae
Simulid pupa
Tabanidae
Tipulidae

TRICHOPTERA
Brachycentridee
Glossosomatidae
Helicopeychidae
Hydropsychidae
Lepidostomatidas
Leptoceridw
Limnephilidee
Rhyacophiliiae

COLEOPTERA
Hydrophilidee
Elmidae larva
Elmidw aduit
Gyrinidae

PLECOPTERA
Chloropcﬂi@u
Perlidae
Pteronarcyidae

EPHEMEROPTERA
Baetidas
Ephemerellidae
Heptageniidas
Leptophlebiidee

QOLIGOCHAETA

TURBELLARIA

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA

UNIDENTIFIED PARTS

GASTROPODA
COTTIDAE

COMBINED COMBINED FREQ. OF
NUMBE % BY # WEIGHT % BY WT.  OCCUR.
3 3.12% 0?1- 0.01% 0.1

)
[¢] )
0 [}
3 7.00% T0.0002 | 0.02% 0.2
) - — ==
(4] [
0 0
0 0
[+] [+] -
o) : \ ="
] TO3% | 00028 | O038% 0.1
] 0
~3 Z.06% 5.0008 CTT% A
D 5
(0 =3 ‘
35 5.15% T0.0078 0.37% 0.1
3 2]
X 5
[+] i [o]
0 0
) T.O3% 0007 COTR .1
1 TO3%. 50001 KX Lk 0.1
v (%]
0 ; — 0
B ~5.78% 0.0878 5.42% 05
B ' o
=37 WA ~500%8 ST e
3 TR T 0.00%% TR | 0T
“14 T4.45% .| o08T [ 18/% 0.7
) | L |
0 | 0 |
0 | 0 |
T7 17558 — —0.0398—1—4.19% 57
3 208% | 00107 | T.I5% A
] 1.03% I 0001 A ) 170
| % | 0.6088__| 76.92%
0 1 0 |
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TABLE E.4.

Diet analysis of 12 juvenile (100 < x < 250 mm FL) rainbow trout collected
from Mill Creek, August 28, 1991, Tha number and weight (g) of each
organismfound in each stomachis reported.

COMBINED _, COMBINED FREQ. OF

DIPTERA o _ NU?ER % Y & WEIGHT % BY WT.. OCCURREN.
Chironomidas - " 1. 0.005 01T%: | 0.
Chirononjdpup.i 1 R - —g T
Cerat: - RS e— Geo— v -1
Empidides - - T OB% 2 JTaX | 0.08
Pelecorhychidass - . Q - SR [+ E .
Simulidss. — —_TBI% [ 00083 | O.18% 0.42
Simulid pups. B « , . Y . —

Tabanidae Qe - [+]
Tipulidae KN B (1]

TRICHOPTERA 0 , ) -
Brachycentridse - (7 10 BTR 100018 | 008K 5Ty
Glossosometidas. |3 TOYER |08 TATR o
Helicopeychidee QT R 0 '
Hydropsychidas B Q j Q i
Lepidostoinatidas .| ) ‘ ', v
Leptoceridae ) 0 o
Limnephiiides - - -~ 3. X , 503
Rhyacophilides T T 0.0085 0.17
Mydrophilidae )

COLEOPTERA 0
Hydrophilidee e ; e ]
Elmidae (srva 0 - P poe
Eimidae sduit R X =T IR 508
Amphizoidee - . [+ T

PLECOPTERA ) : , —r ‘
Nemouridae 12 m-%_m X -]
Perlidee SR SO NG F- k. S K 2% 535
Pteronarcyidee ; s T— ——— -

EPHEMEROPTERA [ T —

Bestidee . {287 T % —_ooam 375
Ephemereliides. - B D ~0.20% O g 0.
Heptageniidee R & Sy 2.8 |- O. — 0.5
Leptophiebiides o = o

OLIGOCHAETA . ... [T T T - )

TURBELLARIA “f E— — —

MOLLUSCA C— T | — ]

HYDRACARINA T TTR T BT TR o7_]

TERRESTRIALS | 83 T 15 05% ”| CRTI 18 84% | o83 J

LEPIDOPTERA : - m oﬁiﬁif m o3 ]

UNIDENTIFIEPARTS. [~ T

COTTIDAE

| 0
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TABLE E.5.

Diet analysis of 8 juvenile (100 mm < x <250 mm FL) bull trout collected
from the Wolf Fork River, July 23,1991. The number and weight {g) of each
organism found in each stomach is reported.

DIPTERA
Chironomidw
Chironomid pupa
Ceratopogonidae
Empididw
Pslecorhychidae
Simulidae
Bimulid pupa
Culcidaa
Tipulidae

TRICHOPTERA
Brachycentridae
Glossosomatidas
Helicopsychidae
Hydropsychidw
Lepidostomatidas
Leptoceridae
Limnephilidae
Rhyacophiiidw

COLEOPTERA
Hydrohilidae
Elmidae larva

Elmidae adult
Amphizoidae
PLECOPTERA
Nemouridas
Perlidae
Pteronarcyidae
EPHEMEROPTERA
Baetidae .
Ephemsrellidae
Heptageniidae
Leptophiebiidas
OLIGOCHAETA
TURBELLARIA
MOLLUSCA
HYDRACARINA
TERRESTRIALS
LEPIDOPTERA
UNIDENTIFIED .PARTS

COTTIDAE

COMBINED COMBINED FREQ. OF
NUMBER % BY # WEIGHT % BYWT. OCCURREN-
— B T81T% 0.0008 | 0. "—6'!5"&"

1 7.56% 0.0001T | 0.02% 0.13
[*) [¢]
Q0 [+] : .
(o] 3 6.1
0 0 0.3
0] (4]
(1] [+]
6] 0
1 TEES o80T | 0.0%% AN
2 3.13% 1 0.0001. 0.02% 0.13
4] - 0
11 T7.13% . 00787 | 1351% ~0.83
) 0
1 1.50% 0.0001 0.02% 0.13
0 . 0 0.1
2z 3.73% 0.0048 T.18% 0.13
0
0
' N
T 0
TEER [+] 0.% 0.13
— -
— 0
T713% 0.307%2 72.58% 0.63

ol |ld Il IM o] 1o |4l 1o qm&m& ol=lojol |-lolojo}c!

| 0 | ] ]
% | 00003 | O007% | 0.13 ,
| 0 | | |
I 0 | | |
% [ 00083 | 1.82% | . 5
T56% | 00001 | 003% | 1
GoO% T 3.21% | 0.25 1
| 0 | | I
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TABLE E.6.

Diet analysis of 11 juvenie {100 mm < x ¢ 2560 mm FL) bull trout collected
from the Wolf Fork{;River, August 28, 1991, The number and weight {g) of each
organism found in each stomach isreported.

COMBINED COMBINED FREQ. OF
%BY#... WEIGHT % BY: WF.. . OCCUR.

2 1. - 0.73
"'m. _ 0.09 .

TR 003

Sumomyldﬁ

TRICHOPTERA .
Brachycentrides - e I Pl e
Glossosomatiiss |~ 2 j T22% 00012 C.12% AL
Helicopeychigas 0 _ T ; " .
Hydropeychidss:, | & 0 N IR L ] 0% 0.18
Lopldoctomm i N S R ‘ o

COLEOPTERA -~
Hydrophilidee
Elmidee lave
Elmidae adutt
Gyrinidae | - g

PLECOPTERA il
Chloroperildes .. ;™ 1
Petrlides i
Pteronsrcyidas

EPHEMEROFW S T S .,: - T— Y ——— —— T TR
Bm 4!» T T 27. - s ,
Ephemerelficss :

Heptageniigee - = -7 37 :
LoptophIW’“ Sl S Sl

OLIGOCHAETA

TURBELLARIA

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA "g?g':

GASTROPODA

COTTIDAE
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TABLE E.7.
Diet analysis of 1 1 juvenile (100 mm < x < 250 mm FL) steelhead trout collected

from the Wolf Fork River, July 23, 1991. The number and weight {g) of each
organismfoundin each stomach is reported.

DIPTERA

Chironomidae
Chironomid pupa
Ceratopogonidae
Empididase
Pelecorhychidae
Simulidae
Simulid pupa
Culcidae
Tipulidae

TRICHOPTERA

Brachycentridas
Glossosomatidae
Helicopsychidae
Hydropsychidas
Lspidoetomatidw

Leptoceridae
Limnephilidw
Rhyacophilidae

COLEOPTERA
Hydrohilidw
Elmidae larva
Elmidae adult
Cutculionidae

PLECOPTERA
Chloroperiidae
Perlidee
Pteronarcyidae

EPHEMEROPTERA
Baetidae
Ephemereilidae
Heptageniidee
Leptophlebiiiae

OLIGOCHAETA

TURBELLARIA

MOLLUSCA

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA

UNIDENTIFIED PARTS

COTTIDAE

COMBINED COMBINED FREQ. OF
NUMBER % BY # WEIGHT % BY WT. OCCURREN.
i S
TR O ; ~0.05
% m"‘“""&"dgh 3O0TR ~3.00
1 OI% o.dgb'i .06 X0 L B
0
i 0.9% 0.0001 0.02% 0.05
H )
—— -
1 0.9% | 00008 ) 0.08
8 B.341% . oy S
0]
T3 TT.7T% 0.36
] mr——t
3 2.7% NS
7 TIR X B
8 "BAT% 0.27T ]
—
3
3
—0
~ 0.9%
—7 %
1 0.I%
f . 4“ s
: 5.41% . 0.00, —0.40% . Q.
- 5 B.41% X 0.4
A3
) S | T 0 ] ]
C o1 — 0 ]
C T T o [ o8001T | oo7% | o008 ]
1 Q | . U | |
CR T o 1 37 1 IBR 1 53¢
1T 13% [ ooms [ 1% .00 1
1 BR | 00087 | T.71% 25—
L KA ] o1 y |
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TABLE E.8.

Diet analysis of 3:juvenile {100mm < x < 250 mm FL) steelhead trout collected
from the Wolf Fork River, August 28. 1991 . The numibar and weight (gl of eacty.
organism found in each stomach is reported.

-3 ‘COMBINED COMBINED FREQ. OF

DIPTERA  * % Ww . % BY# ' WEGHT _ %BYWT. _ OCCUR.
Chironomities " A GENEEY W ) o AR W “ T !

Chironomid pupa

[ESH

3 )
et S — -
Cor " + . ;
,,,.',,"’u',,,"ﬂ’mﬁf’n'&-"*': N — oK. 3 BT
Simulides: I N SR *’
Simulid pupa L0

Tabenidae
Stratiomyides

TRICHOPTERA _

\ TH%

AN
i i
4
4

COLEOPTERA
Hydrophilifise
Elmidae latva

ARER :44&@&4J< d4d

Eimidee adult 7\ B
Curculionides ~ © LG

:
3
~f 0o} f Of

OUGOCHAETA T 3T

Mouwusca: [ TO 1

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA =

UNIDENTIFIED PARTS

arstROPOtA, T [T T ] —
comos . T [T T .
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TABLE E.9.

Diet analysis of 10 juvenile (160 mm < x < 250 mm FL) bull trout collected
from the Tucannon River, July 24, 1891. The number and weight {g) of each”
organismfound in each stomach is reported.

COMBINED COMBINED FREQ. OF
DIPTERA NUMBER % B8Y # WEIGHT % B Y WTOCCURREN.
Chironomidae Z 3.54% 0003 | 0.08% 0.3 .
Chironomid pupa Q [4]
Ccratgpogonia&o 2] 2] . B
Empididae ] T ~ 0 ’ T o]
Pelecorhychidae T 038% . | o008 | 0.38% 0.1 -
Simulidae 3 B.31% D.101 15.50% 0.1
Simulid pupa [o] o) -
Tabanidae , , | , ;.
Tipulidee . 1 ] 0.55% 1 0.00071 | 0.02% | &I
TRICHOPTERA . . . oo
Brachycentridae T 0.838% 00001 | 0.02% 0.1
Gloseosomatidar [¢] 0 8
Helicopcychidae [+] ‘ 4] o
Hydropsychidae T 0.88% 0.0086 U.55% 0.1 o |
Lepidostomatidae [+] [2] B S
Leptoceridm 0 [*] r -
Limnephilidae [s] (2] : s
Rhyacophiliiae (4] 0
COLEOPTERA [+] . . [¢]
Amphizoidse Adult 1 ~0.38% T 0.0001 | O02% . o1
Elmidw larve [+] ' [+] : »
Elmidae adult 1 0.59% 00007 | O.02%: A
Amphizoidse — 0.55% 0.0001 B OI% 0.1 ;
PLECOPTERA 0 [+]
Nemouridae "0 - (-3 ,
Perlidas K- 7.08% 01388 | 2T.0% 0.4 A
Pteronarcyidae [ B 0. :
EPHEMEROPTERA ] : (¢]
Baotidas ' g 7.00% 00007 | G.A1%. 0.8
Ephemerellidee 8 . ; 0.0782 BTN 0.2 :.
Heptageniidae "7 5.1 3.0013 “0.2R 0.5
Leptophiebidae 0 : (]
OLIGOCHAETA [ 36 [ IOITR | 0.3016 | 38.8% | 0.2 i
TURBELLARIA I — | o | | '
MOLLUSCA | 0 , [ U T i |
HYDRACARINA [ 0 1 [ 0. T ,
TERRESTRIALS [ i) ] .~ 16.81% | BO9T | 281% 05
LEPIDOPTERA [Em— == S [} —— Y| S B, M I
UNIDENTIFIED PARTS | 3 | 2660 | OD1168 | 1./89% ] 0.3 ]
COTTIDAE [ T [ . % | - N [ . 0.]

169




TABLE E.IO.

Diet analysis'of 1 1 juvenile (100 mm < x < 250 mm FL) bull trout collected
from the Tucannon River, August, 27, 1981, The number and weight (g) of each
organism found in each stomach is reported.

DIPTERA
Chironomides
Chironomid pupe
Cerstopogonides
Empidides
Pelecorhychides
Simulidae
Simulid pupa
Tabanidae
Tipulidae

TRICHOPTERA
Brachycentridae
Glossosomatidae
Helicopsychidee
Hydropsychidae
Lepidostomatidae
Leptoceridae
Limnephilidae
Rhyacophilides

COLEOPTERA
Eimidae larva
Elmidae aduit
Amphizoidae

PLECOPTERA
Perlidae
Pteronarcyidas

EPHEMEROPTERA
Beotidae

OLIGOCHAETA
AMPHIBIAN
OSTRACODA ™
COLLEMBELLA
TERRESTRIALS
LEPIDOPTERA
UNIDENTIFIED PARTS

COTTIDAE

COMBINED COMBINED FREQ. OF
NUMBER- % 8Y # WEIGHT % BY WT. OCCURREN,
‘ 0.0048 T2% 0.4 -}
T 0
T 3.5T% — 0004 | 01
N X
0 0
0 0
0 1 0
1 TYE% 50T ] 0.35% 51
[ SRRE 0 - i
6 o R i
— 0 0
~3 00008 0.1
2 0.0078 0.2
z T 0002 I . 1
N [y 1
) TER T 00028 | 0.73% | 0.1
] [%3
0 [¢] ; 1
1 T. R 0 1
(3 [+] —
1 1.78% 0.00248 K5k A
T TOZR ‘ w?z—-—m 0.4
o e
) Q ‘ Bt FASR
N G TOBI% | OO | 308% ™08
B% 1 T@gm O8R | 03 =
o N ‘ ) ' ' i &
> | — R ] 0.1143 | 20.78% |
7 ] 5% | _ O0.087 | 12%%% |. 01 I
2 | % | O.001Z |  0.31% | O.1 1
1 . T8% | 00008 | 0.08% | , ]
7 [ 12.28% | 00347 | 9.04% | ]
2 1 — % | O848 | 14.02% 71 OJ |
2 | — % | 00109 | Z 84% |
1 [ 1.78% [ 00883 [ 1806% | 0.1 |
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TABLE E. 11.

Diet analysis of 10 juvenile (100 mm ¢ x < 250 mm FL) steelhead trout collected
from the Tucennon River, July 24, 1991. The number and weight {@) of each
organismfoundin each stomachis reported.

DIPTERA
Chironomidae
Chironomid pupa
Ceratopogonidae
Empididas
Pelecorhychidae
Simulidee
Simulid pupa
Culoidae
Tipulidae

TRICHOPTERA
Brachycentridae
Gloseosomatidw
Helicopeyohidas
Hydropsychidae
Lepidostomatidas
Leptoceridae
Limnephilidae
Rhyacophilidae

COLEOPTERA
Curculionidae
Elmidae larva

Eimidae aduit
Amphizoidao

PLECOPTERA
Nemouridas
Perlidae
Pteronarcyidae

EPHEMEROPTERA”™
Baetidae
Ephemerellidas
Heptageniidae
Leptophlebiidae

OLIGOCHAETA

TURBELLARIA

MOLLUSCA

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA

UNIDENTIFIED PARTS

COTTIDAE

COMBINED COMBINED FREQ. OF
NUMBER % BY # WEIGHT % BY WT. OCCURREN. ‘
3 ; X 0.2% | ;
1 ~0.66% 0.0003 0.1% o7
3 TI95% | X . 0.3
3 OB% 0.001 0.34% 0.2
B 3.28% | O.C048 | 181% 0.3
10 6.49% | 0002 | 08/% 0.2
0] o]
1 0.66% | 0.0001 | 0.03% 0.1 |
T )
5 3.25% 0.0078 2.50% 0.2 .
0 o) :
7 T.3% 0.00711 0.37% 0.3
(1] 0 g 8
3 T.96% 0.0001T |. 0.03% 0.1
71 7.14% 0.0218 7.25% 0.4
T 0.65% 0.000T | 0.03% 0.1
(] (o]
1 ~0.88% 0.0001 | 0.03% 0.1
0 o] -
0 ) ~0
T ~0.08% 0.0088 | 1.05% 0.1
5 [*]
i 0.68% | 0.0001 | 0.03% 0.1
5 B.19% D.1638 0.8
0 0
0 o] ,
0. bif:ri SONAZ | 4.78% 0.7
T TIR “00008 | O0.2% 0.1
il 13.04% 0.00%% 3.20% 0.7
(] 0
[a fa)
[ Y [ Y I |
|_ 2 3% | 0.002 | 0.867% 0.1
N
| 0 | U [ ]
[a fa)
| Y | Y [ |
L Q 5.84%—}— 00260 | 0020 02 }
| 13 A% oo0184 | 617% |
f 3BE% | 00203 | 091% 0.4~ ]
N fal
L Y | Y | |
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TABLE E. 12. ;
Diet analysis of 10 juvenile {100.mm <:x.£250 mm FL} steethead trout collected - -
from the Tucannon River, August 27, 1991. The number and weight (g) of:each
organism found in each stomach is reported.

COMBINED COMBINED . FREQ. OF
DIPTERA NUMBER % BY # “z.au-r % BY'WT. OCCURREN.
Chironomidae Wr | OB | o0%. 1. Oy
Chironomid pupa =T T
Cerstopogonidae ;. O Q R
Empididee T N2 :
Pelecorhychidae 1. LELS % 0008 GRS 2 S0 IR N
Simulides 4k W m L5 0.3,
Simulid pupa ) 2 o
Culgidee 0’ i
ﬂpulidu i 5 F . T
TRICHOPTERA | co .
Brachycentridae 1 B F 7 NN AN, N R v St S nae
Glossosomatidae 7 5.0% 0.0248 3.7T% 0.2
Helicopsychidae [] 0
Hydropsychidae 1 0.94% 0.027 | B.17% 0.1
Lepidostomatides Q - Q
Leptocerides 3 —2.83% 0.0047 | 05% 0.3
Limnephilides — 3 T83% 0.0128 2.41% 0.1
Rhyscophilidse 1 T.94% 0.004T | 0.78% 01
COLEOPTERA 0 )
Hydrohilidee T ~0.94% 0.0042 0.42% 0.1
Eimidae larva 0 ]
Elmidas adult 0 (1] j
Amphizoidse T 0.94% (] 0.% 0.7
PLECOPTERA
Nemouridee 0 | 0
Perlidae 10 9.43% 0.1987 37.60%
Pteronarcyidae a T a
EPHEMEROPTERA 0 )
Baetidae 23 1 21.0% | [ 2.32% 0.0
Ephemersliidse 13 T2.20% 3008 T T.I% 0.2
Heptageniidse q ~3.77% ~0.0048 oo R 0.3
2z ~1.00% 0018 | o3% KAl
OLIGOCHAETA [ 5 T ] 0 ] ] 1
TURBELLARIA | 0 ] [ 0 T [ ]
MOLLUSCA H a | | A | | 1
HYDRACARINA | - T | - | | 1
TERRESTRIALS | 17 T 186.04%7 1 00888 | 13.13% | 1
LEPIDOPTERA [ 5 T 4.72% [ 00838 [ 10.37% | 1
UNIDENTIFIED PARTS | 1 | 0.94% | 0.00'14 | 0.2/% ¥ 0.1 1
COTTIDAE [ T [ 197 48% | 00808 | 15.41% | . 1
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Table E.13
Diet anslysis of 9 adult bull trout {250 mm< x) collected from Mill Creek

on August 16, 1990.

FISH DATE OF FORK
NUMBER COLLECTION LENGTH SEX STOMACH

1 8/16/90 270 F empty
2 8/16/90 294 M empty
3 8/16/90 287 ‘M empty
.4 8/16/90 318 M empty
5 8/16/90 364 M empty
6 8/16/90 370 F empty
7 8/16/90 480 F empty
8 8/16/80 620 F empty
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Table E.14.

Diet anstysis of 7 juvenile (100 < 'x < 250 mm FL) rainbow trout collected
from Mill Creek, August, 1880. The numbet-and weight (g} of each
organism found in each stomach is reported.

COMBINED COMBINED FREQ. OF

DIPTERA . NUMBER' %BY# - WEIGHT % BY WT. OCCUR.
Chironomidse B 3. 1 0 . T 08
Chironornid pupa 7 IR AY 0.13
Chironomid sduit 1 TR 0012 JBE% [ 013
Empididee "-—-i-gr ‘ 5] y .
Polocothychidu : R : OO0 l-u“ 6.'5
Simulides ' T 4. g%s T.30% ~0.38
Simulid pupe . 1 0.383% ~0.0008" GO .13
Tabanidae 0 , 0
Tipulidae 3] )

TRICHOPTERA 0 = ) .
Brachycentrides | B P —T4% 8.0011 TEI% ¥
Glossosomitidae: X I , ‘ o — g
Helicopsychidne 0 ; 0 3
Hydropsychidee | 2 BIE% 0.004 T.92% 0.285
Lepidostomatidee 0 : : Q :

Leptocerides 0 T

Limnephilidae T 0.48% 0.0064 3.07% 0.13
Rhyacophifidae B TA% 5.0012 5.38
Hydrophitidae 0 ! 0 .

COLEOPTERA 1] 5
Hydrophilidee -0 0
Eimidae larve ] — 0
Eimidae adult K] )

Spheridae adult T ~0.48% 0.0024 | > 0.13_ | -

PLECOPTERA N} : " 0 )
Chioroperiiias 1 ~DAE% 0.0028 T.25%% =013}
Perlidae - —24R [ 0018 8.57% ~ 55—
Pteronarcyidae D i i )

EPHEMEROPTERA
Baetidee e ¢ !; TTISAR ] 6&7"‘"""‘3‘&@“" ;
Ephemerellidas ; C.08% 3.0034 1 _5:5 .
Leptophiebildae ] 0

OLIGOCHAETA (C———cse% 1 OO008 | S28% | ..

TURBELLARIA: . | ] 0 I I 1

HYDRACARINA I 0 ] | 0 | 1 i

LEPIDOPTERA [T —®% 1 O/ | 369% | 013
UNIDENTIFIED PARTS [ 3 1 TA8% | o008 | 388% | o038 ]
GASTROPODA [ 0 I L. o 1 .. J
COTTIDAE I [N R | o | | J
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Table E. 15.

Diet anslysis of 7 adult {250 < mm FL) rainbow trout collected

from Mill Creek, August, 1990. The number and weight {g) of each
organism found in each stomach is reported.

DIP-I-ERA
Chironomidae

Chironomid pupa
Chironomid adult

Empididae
Pelecorhychidase
Simulidae
Simulid pupa
Tabanidae
Tipulidae

TRICHOPTERA
Brachycentridae

Glossosomatidae

Helicopsychidae
Hydropsychidae

Lepidostomatidae

Leptoceridae
Limnephilidae
Rhyaoophilidw
Hydrophilidee

COLEOPTERA
Hydrophilidae
Elmidae larva
Elmidw adult
Spheridae adult

PLECOPTERA
Chloroperlidae
Perlidae
Pteronarcyidae

EPHEMEROPTERA
Baetidae
Ephemerellidae
Heptageniidae
Leptophisbiidae

OLIGOCHAETA

TURBELLARIA

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA

UNIDENTIFIED PARTS |

GASTROPODA

COTTIDAE

COMBINED COMBINED FRED. OF
NUMBER % BY # WEIGHT % BY WT." .~ OCCUR.
I 357% 0.002 0.280% B.14
0 . Q.
(4] [*]
(4] [+]
(4] (0] »
0 0 ;
2 3.57% .. 0.001T | 0.12% 0.14
(4] (4] ;
0 0
0 (1]
I 0 : :
1 T.79% 0.0038 | 0.39% 9.14 -
0 0
0 0
"] 0
0 0
0 )
1 T.79% 0.0104 T.12% 0.14
0] 0
0 0
0 4]
0 0
(4] 0
0 o]
[*] (4]
o] L)
! 7.13%. 0114 TT.59% 0.9
0 0
7 TI5% 05007 £k AL
[+) (2]
i 0 | | 0 I |
| 0 | | 0 | |
L 0 | | 0 | |
| 39 | 00.84% | 0.1230 [ 1334% | 0.86
t 0 | r U I |
T [ 1.79% ] 00008 | 0.08% | 0.14
1
{ 1 | 1.79% | O.B40% | 58.10% | 0.14
[ T ] ® 1 O 1332 T 1534% 1 014
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Table E.16.

Diet anslysis of two adult and one juvenile buit trout collected from the Tucannort
River in August 1990. The number:and Waight {g) of éach organism found in
stomach is reported.

ORGANISMS
DIPTERA
Chironomidee

Chironomid’pum '

Chironomid sduft
Empididae

Pelecorhychidee |

Simulidae
Simulid

Tabanidae
Tipulidae

TRICHOPTERA

Brachycentridae

Glossosomatidae

Helicopsychidae
Hydropsychides

Lepidostomptides
Leptoceridsa |
Rhyacophilid lrve - |
Rhyacophitidae | LY.

COLEOPTERA |

Amphizoides a
Eimidae larva
Eimidae aduit
Gyrinidas aduit

EPHEMEROPTERA

Bastidas

Ephemereilides |

Heptageniidae

Leptophiebildes '

OLIGOCHAETA

TURBELLARIA

HYDRACARINA

TERRESTRIALS

LEPIDOPTERA

UNIDENTIFIED PARTS
B S S

O. Mykiss
COTTIDAE

FISH #1 = 273 mm

, Fi8H #2 = 254 mm
NUMBER . WEIGHT (o) NUMBER WEIGHT (

FISH #3 = 162 mm

NUMBER = WEIGHT @

.lz

rC

r

o

iy
s
bewed Bl
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Table E.17.

Diet anslysis of 7 juvenile {250 > mm FL) steelhead trout collected

from the Tucannon River, October, 1990. The number and weight {g) of each
organism found in each stomach is reported.

COMBINED COMBINED FRED. OF
DIPTERA NUMBER % BY # WEIGHT % BY WT, OCCUR.
Chironomidw
Chironomid pupa
Chironomid adult
Empidiiae
Pelecorhychidae
Simulidae
Simulid pupa
Tabanidae
Tipulidae

Of O] O ©f O O Of Of O

-

TRICHOPTERA
Brachycentridao
Glossosomatidas
Helicopsychidae
Hydropsychidae
Lepidostomatidae
Leptoceridas
Limnephilidse
Rhyaoophilidae
Trichoptera pupa |

olaojo ooduq&ooq

O O Of O

T3.92% TaTR 587 |

[o

dlolololol |o]ofololal
~ 8
. , o)

)
—

dq ) Of Of O

COLEOPTERA
Amphizoidw adult
Elmidae larva
flmidas adult
Gyrinidae adult

O] O O Ol O

g

PLECOPTERA
Chloroperlidae
Perlidae
Pteronarcyidae

gq Pd
o O

EPHEMEROPTERA
Baetidae
Ephemeraellidas
Heptageniidae
Leptophlebiidae

Ol Ol M O

OLIGOCHAETA |

-)

—3 :
253% 1 5'?8? TEB'% ~0.14
L2 )
0
0

TURBELLARIA 7 ] T
L

HYDRACARINA

o

TERRESTRIALS | 66 [ 82.28% | O0.2088 | B89.12% | .

LEPIDOPTERA I — T — 1

UNIDENTIFIED PARTS | t T ~27% [ 00013 | 0.56% | 0.14 1

GASTROPODA | 0 { | 0 | |

COTTIDAE [ 0 I , 0 ] T
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Table E.18.

Diet anslysis of .6.aduit (260 < mm -FL) rainbow trout collected )
from the Tucannon River, Qcmbor, 1980, . The number and weight {g) of each
organism found in each stomach is reported.

DIPTERA

Chironomides. .. - .

Chironomid adult

Empididee
Pelecorhychides
Simulides
Simulid pups
Tabanidee
Tipulides

TR!CHOFTE]!A .
Brachycentridae

Glossosomatides

Helicopsychidae
Hydropsychidae

Lepidostomatidee

Leptoceridae
Limnephilidae
Rhyac lidae

Trichoptéra pupa

COLEOPTERA '~ -

“4

Amehizoid i

Eimidee |arva
Eimidae adult
Gyrinidae aduit

PLECOPTERA

Chioroperiidas
Perlidae

Pteronarcyidse
EPHEMEROPTERA

Hopmdu

OLlGOCHAE'i’ A
T UM.LARMA ;‘
HYDRACARINA
TERRESTRIALS

LEPIDOPTERA

UNIDENTIFIED PARTS |

GASTROPODA

COTTIDAE

COMBINED COMBINED FREQ. OF
NUMBER " %BY®  WEIGHT % 8YWT, OCCUR.
T T 222% | 0.0003 | ~ 0.17
a -
o - L)
o) K]
0 ]
° :
; Q
‘ 5 i [+]
5 e = -
K] 13.33% 0.4929 27.6% 0.33
18 — 35.B58% @ 34.52% 0.66 |
5 s I . .
2 4.34% | 0.0083 0. 38% 0.17
: (4] K-
, % (4]
1 2.22% ~—3.008 U.34% 0.17
— 0 o (*]
. o ] i Maee s .46\7 T o o V . e
7 —2.20% ~O0008 .1 OO8% 017}
D - —3
0 0
5 ]
9 "0
) é -
O
U & i e y : 6 Sy T
0 —— -
j 5
| T i N 0 | I ]
L 0 I 0 | | |
| 0 [ | Q- ] ]
[ 12 [ 2687% | 00788 | -“i106% | 0.86
L 0 I | 0 | | ]
0 I 1) i I
[ 0 0 | | |
| 1 2.22% | O0.6437 | 36.04% | .
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TABLE E. 19.
Procedures and data used in the computation of the diet overlap {Cx)
between bull trout and rainbow trout in Mill Creek, July, 1991.

ORGANISMS BULL TROUT RAINBOW TROUT .

DIPTERA {Pxi) {Pxi)2 (Pyi) __(Pyi)2 Pxi X Pyi
Chironomidw 0.0566 0.00309 1 0.0256 0.00068 0.00142
Chironornid pupa 0.0111 0.00012 0. 0.
Pelecorhychidse 0.0444 0.00197 0.0128 0.00018 0.000567
Simulidae 0.0111 0.00012 0. 0.

TRICHOPTERA 0.
Hydropsychidae 0. 0.0128 0.00018 0.
Glossosomatidae 0.0333 0.00111 0.0064 0.00004 0.00021
Limnephilidae 0. 0.0321 0.00103 <0,
Rhyacophilidae 0.0111 0. 0. 0.

COLEOPTERA
Elmidae adult 0. 0.0004 0.00004 0.
Gyrinidae 0. 0.0064 0.00004 0.
Carabidae 0.0111 0. 0. 0.

PLECOPTERA
Chloroperlidae 0.0111 0.00012
Perlidae 0.1666 0.02421 0.0321 0.00103

EPHEMEROPTERA
Bastidae 0.3333 0.11109 0.2372 0.05626 0.07906
Ephemereilidae 0.0333 0.001 11 0.0.256 0.00068 0.00085
Heptageniidae 0.0167 0.00446 0.0887 0.00787 0.00682

TURBELLARIA 0.0222 0.00049

UNIDENTIFIED PARTS 0.0333 0.00111 0.0064 0.00004 0.00021

COTTIDAE 0.0111 0.00012

TERRESTRIALS 0.0668 0.0030s 0.109 0.01188 0.00608’

LEPIDOPTERA 0.0222 0.00048 0.0128 0.00018 0.00028

GASTROPODA 0. 0.006 4 0.00004 0.

TOTALS: 0.16271 0.08004 0.09469
2 x 0.09469
CX 2| mmecoccmwwconommes
0.5838 + 0.06869
[[cx= o081 ]
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TABLE E.20.

Procedures and data used in the computation of the diet overlap (Cx)

ORGANISMS
DIPTERA
Chironomidae
Empidides
Simulidese
TRICHOPTERA'
Brachycentridae
Glossosomatidae
Limnephilidae
Rhyacophilidae
COLEOPTERA
Elmides  adult -
Hydropjm@u
PLECOPTERA
Nemouridae
Perlidae
EPHEMERDPTERA
Baetidae
Ephemereliidas
Heptageniides

UNIDENTIFIED PART6
COTTIDAE '~
TERRESTRIALS
LEPIDOPTERA |
HYDRACA’RINA'

TOTALS:

BULL TROUT STEELHEAD TROUT
{Pxi) {Pxi)2 v {Pyi) (Pyi)2 Pxi X Pyi
0.0207 -  0.00043 0.0227 0.00062 0.00047
o 0. 0.0026  0.00001 0.
0.0133 0.00019 0.0161  0.00023 0.00021
C 0.

0 0. 0.006 0.00003 0.
0.0089 0.00006 0.0076 0.00008 0.00008
0 0. 0.0076 0.00006 0.

0 0. 0.002s 0.00001 0.
o~ 0. “ | 0.0028  0.00001 0.

o - o ‘ 0.0101 0.0001 0 .
o 0. ' 0.0302 * 0.00091 0.
0.0483 0.00233 |~ 0.0101 0.0001 0.00049
0.7686 ' 0.67647 0.1674 0.02802 0.12698°
0.0346 0.00119 0.0026 ‘ 0.00001 0.00009
0.0207 0.00043 0.0277 0.00077 0.00087

0.006 0.00003 0.
0.0348 - 0.00119 |
0.0483 0.00233 0.1687 0.02619 0.00767
0.0133  0.00019 0.0262  0.00064 0.00036
0 0. 0.0026  0.00001 0.
0.66361 0.05686 0.13688
2% 0.13688
CX = ~-S---€--
0.5838+0.05669

[T

=541
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TABLE E.21.

Procedures and data ‘used in the computation of the diet overlap {Cx),
between bull trout and steelhead trout in the Wolf Fork, July, 1991.

ORGANISMS BULL TROUT STEELHEAD TROUT
DIPTERA (Pyi) {Pxi}2 (Pxi) (Pyi)2 Pxi X Pyi
Chironomidas 0.078 1 0.0061 0.1056 0.01 115 0.00825
Chironomid pupa 0.&l 66 0.00024 0.0141 0.0002 0.00022
Pelecorhychidae 0.007 0.00005 0.
Empididw 0. 0. 0.
Simulidas pupa 0. 0.007 0.00005 0.
TRICHOPTERA 0.
Brachycentridae 0.0156 0.00024 0.007 0.00005 0.00011
Gloeeoeomatidae 0.0313 0.00098 0.0423 0.0017s 0.00132
Hydropsychidas 0.171s 0.02966 0.0986 0.00972 0.01698
Leptoceridae 0.0158 0.00024 0.0211 0.00046 0.00033
Limnephilidae 0. 0.0141 0.0002 0.
Rhyacaphilidae 0.0313 0.00098 0.0493 0.00243 0.00154
COLEOPTERA
Curculionidae 0. 0:007. 0.00005 0.
PLECOPTERA 0 . 0. 0.
Chioroperlidse 0. 0.007 0.00005 0.
Perlidae 0.1846 0.03404 0.0643 0.00413 0.01186
EPHEMEROPTERA
Baetidae 0.1406 (0.01977 0.0563 0.00317 0.00792
Ephemerellidae 0.1683 0.02443 0.2142 0.04588 0.03348
Heptageniidas 0.0469 0.0022 0.0634 0.00402 0.00297
OLIGOCHAETA 0.0141 0.0002’ 0.0141 0.0002 0.0002
UNIDENTIFIED PARTS 0.0489 0.0022 0.0423 0.0017s 0.00198
COTTIDAE 0
TERRESTRIALS 0.0313 0.00098 0.0845 0.00714 0.00204
LEPIDOPTERA 0.0166 0.00024 0.0141 0.0002 0.00022
MOLLUSCA 0. 0.007 0.00005 0.
TOTALS: 0.1224 0.09271 0.09
2 x0.09
c X =ememae—sreseeveee

0.1224 + 0.09685

| Cx= 0.84 |
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TABLE E.22.
Procedures and data used in the computation of the diet overlap (Cx); -
between bull trout and stesthead trout in the:Wolf Fork, August; 1991

ORGANISMS BULL TROWT . ., STEELHEAD TROUT
DIPTERA (P} (P2 . {Pyi) . Pyil2 Pxi X Pyi

Chironamides - | O.1839 0.037¢ | 0.0888 _ 0:00388:. | 0.01156

Chironomid pupe 0.0081, . 0.00004 , 0. _

Pelecorhychidee 0.0182 . 0.00033 0.0043  0.00002 0.00008

Empidss 0.0061 . 0.00004 | 0. .

Stratiiomyidae . 0.0081 .. 0.00004 o L. .
TRICHOPTERA . N .

Brachycentrides 0.0213  0.00048 0.

Glossosomatidae 0.0121 0.00018 o 0.

Hydropeychidse 0.0121 0.00016 0.0383, 0.00147 0.0004&

Leptoceridae 0.0303 0.00092, 0.0213 0.00046 0.00066

Rhyacophilides 0.0242  0.00059 0.0043  0.00002 0.0001
COLEOPTERA ’ 1.

Curcuiignidae 0.0043 0.00002 S

Elmides adult 0.0121. , ; 0.00016 Q... .-

Hydrophiltidae 0.0121 0.000186 0.
PLECOPTERA

Chioroperiidas 0.0081  0.00004 0.0043  0.00002 0.00003 -

Perlidae 0.0727  0.00829 0.034:* . 0.00118" 0.00247 -

Pteronarcyides 0.0043  0.00002 | - 0.
EPHEMEROPTERA

Baetides . 0.2727  8.07437 0.3194 0.10202 0.087%

Ephemerelliidae 0.0711 = 0.00529" 0.1234 -~ 0.01623 0.00897

Heptageniides 0.0909 0.00826 0.642¢ 0.00181 c.oosgr=fF - ..
OLIGOCHAETA 00061 0.00004 | | .- , 0.
UNIDENTIFIED PARTS | 0.0081  0.00004 0
COTTIDAE 0.0081 0.00004 0.
TERRESTRIALS 0.1152 0.01327 0.2723 0.07415 0.03137
HYDRACARINA 0.0081 0.00004 0

TOTALS: 0.14879 ] 0.20038 0.14868
2 X0.14694
Cx =  —eceemmomeeeee-

f Cx = 0.84 |}
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TABLE E. 23.

Procedures and data used in the compuytation Of the diet overlap (Cx),
between bull trout and steelhead trout in the Tucannon River,

July, 1991.

ORGANISMS BULL TROUT STEELHEAD TROUT
DIPTERA {Pxi). Pxi)2 . {Pyi) {Pyi2 Pxi X Pyi
Chironomidae 0.0354  0.00125 0.026 0.000 0.00092
Chironomid pupa 0.0065 0.00004 0.
Ceratopogonidae 0.026 0.00088 0.
Empidae 0.0195 0.00038 0.
Pelecorhychidae 0.0088 0.00008 0.0326 0.00106 0.00029
Simulidae 0.0531 0.00282 0.0684 0.00341 0.0031
Tipulidae 0.0088 0.00008 0.
TRICHOPTERA -
Brachycentridae 0.0088 0.00008 0. 0.
Glossosomatidae _ 0.0325 0.00106 0.
Hydropsychidae 0.0083 0.00008 0.013 0.00017 0.00011
Leptoceridae 0. 0.0136 0.00038 0.
Limnephilidae 0. 0.0714 0.0061 0.
Rhyacophilidss 0. 0.0065 0.00004 0.
COLEOPTERA
Elmidae adult 0.0088 0.00008 0. 0.
Curculionidae 0.0065 0.00004
Amphizoides adult 0.0088 0.00008 0.
Amphizoidae pupa 0.0088 0.00008 0.013 0.00017 0.00011
PLECOPTERA
Nemouridae . 0. 0.0086  0.00004 0.
Porlida¢ - 0.0708  0.00801 0.0519 0.00288 0.00367
EPHEMEROPTERA
Baetidae 0.0708 0.00501 0.2587 0.06744 0.01833
Ephemérellidas 00631  0.00282 0013  0.00017 0.00060
Heptageniidee 0.0813 0.00383 0.1354 0.0188 0.00844
OLIGOCHAETA 0.3037 0.0969 1 0.
UNIDENTIFIED PARTS 0.0266 0.0007 0.0455 0.00207 0.00121
COTTIDAE 0.0088 0.00008 0. 0.
TERRESTRIALS 0.1681 0.02828 0.0884 0.00341 0.00982
LEPIDOPTERA 0.0796 0.00834 0.0048 0.00421 0.00517
TOTALS: 0.16268 0.11185 0.06192
2 x 0.05193

CX = corammrseman——————

0.16268 + 0.11201

| Cx.= 0.38 |
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TAME E.24.

Procedures and data used in the computation of the dist overlap (Cx),

between bull trout and steaihead trout in the Tucanrion River,

August, 1991.

ORGANISMS
DIPTERA
Chironomidee

Pelecorhychidas )

Simulid
TRICHOPTERA
Brachycentridae

Glossosomatidee

Hydropsychidae
Leptoceridse
Limnephilidae
Rhyacophilidae
COLEOPTERA
Hydrophilidae
PLECOPTERA
Nemouridae
Perlidae
EPHEMEROPTERA
Baetidae
Ephomgrdlidn
Hopuﬂ;niido.
Leptophiebiidae

OLIGOCHAETA

UNIDENTIFED PARTS

COTTIDAE

LEPIDOPTERA

DSTRACOOA

AMPHIBIAN

TOTALS:

’

BULL TROUT STEELHEADTROUT

{Pxi) {Pxi)2 (Pyi) {Pyi)2 Py X Pyi
0.1786 00319 0.035 0.00~3 0.00843 .,
0.0387° . 0.00127 0.003 0.00008 0.00033"

0.038 0.0013 0.
0.0173 0.00032 0.035 0.0013 0.00064

0.0631 0.00338 0.

0:009 0.00008 0.
0.0536 0.00287 0.027 0.00073 0.00145
0.0367 0.00127 0,027 0.00073 0.00098
0.036¥~  6.00127 0.009 0.00008 0.60032
0.0173 0.00032 0.003 0.00008 0.00016

0.0179  0.00032 o.
0.0714 0.0061 0.0901 0.00812 0.00643
0.1071 0.01147" 0.2072 0.04283 0.02219
0.0838  0.00287 01171 001371 0.Q0628°
0.0536 0.00287 0.038 0.0013 0.00133

0.018 0.00032 0

0.0357 0.00127 0.

0.2 0.04 0

0.6179 0.00032 0.009 0.00008 0.
0.126 0.01583 0.1632 0.02347 0.01316
0.0357 0.00127 0.045 0.00203 0.00161

0.0367 0.00127 0.

0.0178 0.00032 0
0.12186 0.10161 0.05788

2 x 0.06788
Cx = "~ i i1 -

0.12196 +0.10169

Cx =

0.61

.
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TABLE E. 24. (CONT.)
Procedures and data used in the computation of the diet overlap (Cx)
between bull trout and spring chinook salmon in theTucannon River.

The bull trout diet information is the mean value of the July and

August 1991 sampling. The spring chinook salmon diet information
is for the time period of July through September, 1 988 (Bugert 1990)

SPRING CHINOOK SALMON

ORGANISMS BULL TROUT
DIPTERA (Pxi) {Pxi)2

Chironomidae 0.107 0.01145 |

Chironomid pups

Pelecorhychidae 0.0223 0.0005

Simulidas 0.0044 0.00002

Tipulidw 0.6044 0.00002
TRICHOPTERA

Brachycentridae 0.0134 0.00018

Glossosomatidae

Glossosomatidae pupa

Hydropsychidae 0.0044 0.00002

Leptoceridae 0.0268 0.00072

Limnephilidae 0.0173 0.00032

Rhyacophilidae 0.0173 0.00032
COLEOPTERA

Hydrophilidas 0.009 0.00008

Eimidae aduit 0.0044 0.00002

Eimidae pupa

Amphizoidae adult 0.0044 0.00002

Amphizoidae pupa 0.0044 0.00002
PLECOPTERA

Chloroperlidae

Nemouridae 0.003 0.00008

Perlidae 0.0711 0.00608
EPHEMEROPTERA

Baetidae 0.033 0.00792

Ephemerellidae 0.0634 0.00286

Heptagsniidae 0.0578 0.00334
OLIGOCHAETA 0.1727 0.02983
UNIDENTIFIED PARTS 0.023 0.00053
COTTIDAE 0.0134 0.00018
TERRESTRIALS 0.0803 0.00816
LEPIDOPTERA 0.0677 0.00333
OSTRACODA 0.0179 0.00032
AMPHIBIAN 0.009 0.00008

TOTALS: 55’555
Cx

{Pyi) {Pyi)2
0.049 0.0024
0.71 0.5041
0.036 0.0013
0.007 0.00008
0.01 0.0001
0.01 0.0001
0.104 0.01082
0.048 0.00212
0.014 0.0002
0.086 0.00723
0.057 0.00325
0.192 0.03586
0.007 0.00006
- " 0.56856
2 X 0.02585

0.07535 + 0.5868

CcX

0.08 }
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Pxi X Pyi
0.06624

0.00018

-

0.00018

0.006804

0.00507
0.01025
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APPENDIX F

FISH MOVEMENT AND MIGRATION
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Table F.1.

Bull trout movement and migration information collected in the Tucannon River, 1990 and 1991,

CAPTURE FORK CAPTURE RELEASE RECAPTURE LOCATION
DATE  TAG # SEX LENGTH (CM) LOCATION LOCATION AND DATE OF RECAP,

3-June90 00047 ? 37 Lower Trap Above Trap @ Little Tucannon R. (Rk 74.4) 5 July, 1990
4-June-90 00041 7 46 Lower Trap Above Trap @ Little Tucannon R.(Rk 74.6} 14 July, 1990
31-Dec-90 000163 M k! Lower Trap Above Trap

3Jan91 000162 M 34 Lower Trap Above Trap

4-Jan-91 000161 t 34 Upper Trap. Balow Trap

10-Jan-91 000160 | KYi Lower Trap Above Trap

10-Jan91 000157 17 38 Lower T!ap ~ AboveTrap

2Fd e F B Dead @Trap
24-May-91 000155  F 56 Lower Trap Above Trap

30-May-91 000211 ? 64 Lower Trap Above Trap

3-June9t 000212 ? 50 Lower Trap Above Trap Dead at the trap. 10 June, 1991
3-June-91 000213 7 59 Lower Trap Above Trap

3Junedl 000214 7 53 Lower Trap Above Trap

3-June-91 000215 ? 60 Lower Trap Above Trap 1 Km up Panjab Rk 77.5) 30 June, 1991
5-June-91 000217 ? 58 Lower Trap Above Trap

8-June-91 000216 M 51 Lower Trap Above Trap
10-June-91 000218 ? 51 Lower Trap Above Trap
11-june:91 000483 F 64 LowerTrap ~ AboveTrap  Seen @ Bear Creek (Rk 90} 6 Sept, 1991
12-June-91 000484 ? 36 Lower Trap Above Trap

28-Nov-91 000485 M 43 Hatchery Effiuent  Above Trap
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Authors have stated a need for comparing the precision or reproducibility of
age determination (Chang 1982; Beamish and Fournier 1981). One of the
most common techniques to assess the precision of fish age estimated from
scale readings is to compare the percentages of determination of age which
are agreed upon by several readers (Kennedy 1970). However, this
technique has a disadvantage because it fails to take into consideration the
range of fish year-class available to the fishery. For example, if 90% of age
determinations between two readers agree within 1 year for a species that is
harvested from a narrow age range, overharvest of a vulnerable age may
lead to a collapse of the population. However, if this mistake is made on a
long-lived species, the precision may not be as critical.

The use of an index that is not independent of age would provide a better
estimate of precision than the percent agreement technique {Beamish and
Foumier 198 1) .  The authors caution the reader about precision, “the word
precision is used to describe the reproducibility of age determinations. It
*does not imply that the age estimates aré accurate and only relates to the
consistency among determinations” (Beamish and Foumier 1981).

We have applied Bedmish and Fournier's {1981) method ‘which is based on
the assumption that the range of fish vearclasls}la:vgglqp;a to the:

. - . Ry ¥ 3 Tl i e e

increases in proportion to the average age of fish in’ the Tishery . 'rﬁ,"‘f'i?other
words, that the standard deviation is proportional to the mean. The formula
suggested by Beamish and Fournier (1981) determines an average percent
error (APE) in aging the jth fish, and is given below:

» R syl
ape =2 SXI i
R & Xj

where: R =the number of times the fish was aged;
Xij = the ith age determined for the jth fish; and
Xj = the average age calculated for the jth fish.

The index (APE) can be used to compare determinations or readers. The set
of determinations for a particular species with a smaller index is more
precise than a larger index; greater precision is achieved as percent error is
minimized.
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The index of averagé error (IAE)’ lskused to éetermine the error a reader has -
for a spbt‘hs and |s given Below- o '

IAE = r‘[ i . Xr XJI] S

Whm -~ N . =the numbn of fish aged. 7

The set of determinations for a particular species with a smaller index is
more prectse Greater preciaion is aehievod as ‘percent mr es mmmmd
Chang (1 932) suggests. the use af a coefﬂcwnt of vaﬁm (VMo: tosting
the reproducibiiity of aging bétween readers or for an individusl redder
comparing-differsnt streams. . The coefficient of variation .is thestandard =
deviation as a fractien of the mean expressed as:a percentage Mmavm 2
obtained by replacing the average absolute deviation from the arithmetic
mean agorin tha abovc equat!on with the standard dsviation. REEES

The fmmuia for calcu!ating ma coefﬁmm of variauon is:

whers: x:7 the lthage detarmined of the jzﬁﬁsﬁ.
X = - the average gge calcuia’lfad for the jth # 'ﬁsh and

R ="the nu?hticr of times the fish was agad

The percent error conﬁ‘buted by ﬁbh observation" to the averaqe age-class
“may be ostimafcd by an,index of precigtpg 0y, whu:h is V dlvidod by JR
(Elliott 1977; Sokal anq_ﬂohn 1969). _

The advantages of the g,vgraga perqqn; armr fndex (APE) ir qmﬂnming tho
reproducibility of age detarmination is shared by the coefﬁchnts of variation
(V) and the index of precislnn (V). These indices agree ciosely, pmiguhﬂv ,
between APE and D. Because the caeffigients of variation and_ the iridex of
precision are indices which incorportate the averaged year-class of fish, they
are free from the disadvantage of a percent agreement techniqua (Chang
1982).
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Chang (1962) argues that there are additional benefits in using the
coefficient ‘of variation and the index of precision in the examination of
reproducibility of age determination. First, variance is a bettetr estimator
than absolute difference as it is an unbiased and consistent estimator, the
mean and variance of which converge as sample size increases; the
coefficient of variation for all practical purposes shares this property
(Simpson et al 1960). Second, the index of precision (D) can be used to
show the percent error contributed by each observation to the averaged age
determination for the jth fish; if one multiplies the index of precision (D) by
the averaged age for the jth fish, the result is the error in age determination
made for each observation.

After determining the index of preeision (D) for aging technique?, a one-way
analysis of variance (ANOVA) was calculated to determine if the index was
similar betweden streams. This allowed for interstream comparisons of age -
and growth based on the aging technique employed. If the index of - r*
precision between streams had been significantly different (p<.05) .
ligitimate interstream comparisons could not have been made.: - -

Validation of any of the otolith samples waa not possible, 8s wa know of no
known age bull trout in any of these streams. Howaver, until their fifth year
of age, bull trout otoliths exibit very clear and distinct annular marks making
age determination possible. To compare the otolith age analysis we
consutructed a length/frequency histogram of all bull trout collected during
the study to corroborate the otelith age with.

Constructing a length/frequency histogram that yields accurate cohorts is
dependent upon equal reqruitment into the population. This means that the
fish must have a seasonal reproductive cycle so that recruitment to the
population occurs at intervals separated by approximately one year. All the
fish born at approximately the same t|me form a cohort. Each cohort
recruited in a given year has a one year growth idvantage over the next
cohort to be recruited. Cohort3 form distinct modes in the size frequency
distribution of the population and recogm?ble peaks in the distribution of
sizes can be seen (Nielsen and Johnson 1983). This method provides
uniform modes in the distribution of bull trout until their fourth year of
growth. This is due to faster growing and stower growing floh obscuring the
modes of the graph. Also bull trout mature at age 4 (Skeesick 1989) and
begin to show différent rates of growth for males and females, however
through age 4 this method provides valuable information because it provides
an independent method of corroborating an ageing Scheme that is based on
calcareous struc’tures {Wooton 1990).

The following tables report the age for'each of the three readings, the fish
fork lenght (mm), date of capture, sex, and the average percent error
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The following. tables repert.the age for cach of the threa readings, the. fish-
fork lenght (mm), date Of capture, sex, and the average percent error
between readings, coefficient of variation, and the index of precision. The
aging of bull trout collected from Mill Creek resyjted in agreement between
alll three readings for age 2 + ,~and age 7 #: while there was atleast one sat
of readings for fish aged 3+. through 6+ that waa dissimilair (Table G.1.).
The aginf of bull trout collected from the Wolf Fork resulted in agreement
between all three readings for no #gje class, thers was atleast one dissimiliar
reading for every age class (Table G.2.). The aging of bull tréut collected
from the Tucannon River resulted in’ thement between all three readings

0 + through 3+ , while there, was atleast ‘one set of r eadings for fish aged

4 + through 8 + that ‘was dissimiliar (Table G.3.).

A one-way analysis of variance (ANDVAJ a = 0.01) was p&formed on the
degree of precision indice, to (dtesmine if the aging results varied
sngni’ﬁcantly between streams. If the age had varied significantly between
streams WQ would not have been #ible te ‘make inter-stream comparisons of
aqe-speciﬁc growth diet conditidh habitat preference, maturity, and length

at age.

b s

i

Table G.4. shaws the valuaa used. m the ANOVA, degrees of freedom,
within and between group vanance. critical values, and the observed F value
for thedqgrae of praclaion of age repreducibility for age determination.

[
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Table G.1. Age analysis of bull trout collected from Milt Creek, 1990 and
1991

Otoliths collected from bult trout in Mill Creek were read 3 times independently.
Average percent error, coefficient’of variation (W} and the index of precision {DYwere
determined for all otoliiharead to determine reproducibifity between readings and streams.

READING # FORK LN. CAPTURE

0.00 0.00 0.00
0.08 |]0.101]0.06

559 17-Aug-80
600 16-Aug-90

FISH# 1st  2nd 3rd _ (mm) DATE. _ SEX _APE v D
1 2 |2 2 . 135 | 29-Aug-91 - 0.00 0.00 0.00
2 2 | 2| 2 166 | 29-Aug-91 | - 0.00 { 0.00 | 0.00
3 3| 3| 3 199 | 13-Aug-90 | F 0.00 | ©.00 | 0.00
4 2 | 2| 2 201 29-Aug-91 | - 0.00 | 0.00 | 0.00
5 3| 3|3 211 13-Aug-90| M | 0.00 | 0.00 | 0.00
8 3| 3| 3 220 | 29-Augdf | - 0.00 | 0.04 | 0.00
7 2 | 2| 2 226 | 29-Augot| - 0.00 |0.00 | 0.00.
8 3| 3|3 240 |13-Aug-80| M | 0.00 | 0.00 | 0.00
9 4 | 3|3 240 | 13-Aug91 | - 0.13 | 0.16 | 0.09
10| 4| 5|5 260 | 17-Aug-90| F | 009 [ 012 | 0.07
11 3| 3] 3 267 | 17-Aug-90| F | 000 | 000 | 0.00
12 | 3| 3| 3 270 | 15-Aug-90( F | 0.00 | 0.00 | 0.00
13 | 6| 5|5 349 | 17-Aug90| F | 008 [ 0.10 | 6.06
14 | 4| 4| 5 360 | 15-Aug-90| F | 012 | 0.16 | 0.08
15 | a | 4| 4 368 | 17<Aug:90| F | 0.00 [ 0.00 | 0.00
16 | 4 | 4 | 4| 368 |[17-Aug-90| M |:0.00 [ 0.00 | 0.00
17 | 3| 3| 3 381 17-Aug-90 [ M | 0.00 | 0.00 | 0.00
18 | 4| 4| 4 394 | 17-Aug-90( M | 000 | 0.00 | 0.00
19 | 7| 7|7 500 | 15-Aug-90 | M [ 000 | 0.00 | 0.00

7| 7|7 M
5 | 6 | 6 M
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Table G.2. Age analysis of bull: tlﬁncnlhctedffomthoWolf“Fork 1990

and 1991

Otoliths.collacted from buit trout irv the Wolf Fork were read 3 times independently. . -
Averags percent error, cosfficient of varigtion {V) and the index of precision {D) wers -
determined for all otoliths reed to Mrmim reproducibility batween readings and streams..

FISH #

I S

goo~N®

11

READING # FORK CAPTURE
Ist -2nd 3rd ENGTH(mn 'DATE __SEX APE 'V * D
2 *'_ 2[ 2] 124 [ 28Aug91] - | 0.00 |400 0.00
2] 2| 2] 154 [ 28aAug9n - 0.00 0.00
2| 2/ 2| 160 |28Aug9r| - | 0.00
2 2|2 160 |28Aug91| - | 0.00 |wmlem
2 2| 2 185 |28Aug91| - | 0.00 | 0.d0 .| 0.00
3 3| ‘3] 105 | 29-Aug91| - | 0.00 | 0.00 | 0.00
3 1. 2 3 165 |28-Aug91| - | 019 | 023 | 0.3
2:1 . 2] sl 1 | 28Auwg9r| - |.000 | 000 0.00
3 8 | 11s |[28awger| - | 021 | 025 | 0.15
2 | 1] 1| 18 |28Aug9i| - | 0.00 | .0.00 | 0.00
4 4] 4] 250 17-Jun-91 F 0.00 { ©0.00 | 0.00.
4 4 454l 449 - [-24-Aug91]| - 000:| 0.00 | 0.00
s sl 4 40 | sous0 | ¢ | oo 000 | 000
§
. | :
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Table G.3. Age analysis of bull trout collected from the: Tucannon River, 1

and 1991

Otoliths colleeted from bull trout in the Tueannon River were read -3 times indepandently.
Average percent -error, coefficient of variation (V) and the index of precision (D) were: -
determined for al ototiis read to determine repraducibility between readings and streams.

READING # FORK CAPTURE
FISH# 1st 2nd 3rd ENGTH (m DATE SEX: APE vV ... D
1 O | 0 | 0|~ 3 [ T-Fgo [ -~ ) “0.00 [ 0.00
2 1 1 1 73 1-Jul-90 - 0.00 0.00 0.00
3 1 1 1 76 1-Jul-90 - 0.00 0.00 | 0.00
4 1 1 1 85 1-Jul-90 | © - 0.00 0.00 | 0.00
5 1 1 1 86 1-Jul-90 | - - 0.00 | 0.00 | 0.00
6 1 ! 1 91 1-4uk:90 0.00 0.00 0.00
7 1 1 1 95 1-Jut-90 0.00 | 0.00 | 0.00
8 1 1 107 1-Juk-90 - 0.00 | 0.00 | 0.00
9 2| . 2 3 120 27-Aug-91 - 0.00 | 0.00 | 0.00
10 2 2 2 125 ' | '27-Aug-91 - 0.00 | 0.00 0.00
11 2 2 2 135 27-Aug-91 - 0.00°| 0.00 | ¢.00
12 21| -2 2 150 | 2-Aug-90 - 0.00| 0.00 | 0.00”
13 3 3 3 168 27-Aug-91 - 0.00 | 0.00 | 0.0
14 3 3 185 27-Aug-91 - 0.00 0:00 0.00.
15 3 3 3 189 27-Aug-91| M [-000 | 0.00 | 0.00
16 3| 3 3 202 -2-Oct-91 ‘M | 0.00-| 000 | 0.00
17 3 3 3 202 2-Oct-91 M 0.00 | 0.00 | 0.00
18 3 3 3 203 2-Aug-90 - 0.00 0.00 | 0.00
19 4 4 4 220 1-Feb-90 F 0.00 | 0.00 | 0.00
20 3 3 3 225 10-Jun-91 F 0.00 | 0.00 | 0.00
21 4 3 4 230 2-Oct-91 M 0.12 0.15 | 0.09
22 4 4 4 242 9-Jun-91 F 0.00 | 0.00 | 0.00
23 4 4 4 250 9-Jun-91 F 0.00 | 0.00 | 0.00
24 4 4 4 250 17-Jun-91 M 0.00 | 0.00 | 0.00
25 4 4 4 252 8-Jun-91 M 0.00 0.00 0.00
26 4 4 4 255 9-Jun-91 - 0.00 | 0.00 | 0.00
27 4 4 4 280 2-Oct-91 - 0.00 | 0.00 0.00
28 5 5 5 300 9-Jun-91 F 0.00 | 0.00 | 0.00
29 5 4 4 325 3-Jun-91 F 0.12 0.15 0.08
30 4 4 4 332 9-Jun-91 F 0.00 0.00 0.00
31 6 5 6 335 2-Jun-91 F 0.08 0.10 0.06
32 4 4 4 350 9-Jun-91 - 0.00 | 0.00 | 0.00
33 4 5 4 350 10-Jun-91 M 0.12 0.15 0.08
34 5 5 5 352 2-Jun-91 M 0.00 | 0.00 | 0.00
35 5 4 5 373 27-Aug-91 - 0.08 | 0.12 0.07
36 4 4 4 380 1-Jun-91 M 0.00 | 0.00 0.00
37 5 5 4 380 2-Jun-91 F 0.09 | 0.12 0.07
38 4 4 4 402 3-Jun-91 - 0.00 | 0.00 | 0.00
39 5 5 5 410 10-Jun-90 0.00 0.00 0.00
40 5 5 5 430 9-Jun-91 F 0.00 0.00 0.00
41 5 5 5 475 4-Jul-91 M 0.00 0.00 0.00
42 5 5 5 480 1-Jun-90 F 0.00 0.00 0.00
43 5 5 5 510 10-Jun-90 0.00 0.00 0.00
44 5 6 6 565 4-Jul-91 F 0.08 0.10 0.06
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Table 6.4.

One way analysis of variance calculated for the degree of
precision of age reproducibility (D) for bull trout collected from
each of the study streams, 1990.

Tucannclill Credolf Fork
Fish# (D) (D) (D)
11—

o o

~ ©
°©_©
..O_aOOOOOOl
4] w

[EEY
w
o
IOOOO

©
oo
00000000000
-

o o

N
[
o
(00)
o
»

N
w
o
»

N
ol
o
(00)

Ho: ul = u2 = u3

Assume: variance is homogeneous, score distribution is normal, and the
subjects are randomely and independently sampled.

B = 0.05

f Fobs c 3.12, do not reject Ho, at 0.05

f Fobs < 4.8, fo not reject Ho at 0.01

N
~
o
~

N
©
o
~

df SS MS F

ptwi 2 0.0026 0.9013 1.1
within] 75 0.0813 0.0011
6 | total 77 0.0838

N
©
'Oooooco'oo'Oo'oo'oo'oooooooo'oooooooooooool

critical values: (df = 2,75 0.06=3.12
0.01 =4.9
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LENGTH"AND WEIGHT OF EACH BULL TBOUT USED IN
S GENSTRUCTING GROWTH CURVES
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TABLE H.I.

Bull trout length-weight data collected from each of the study streams
used to construct growth curves.

MILLCREEK WOLF FORK TUCANNONR.
LENGTH (mm) | WEIGHT {g) LENGTH (mm) | WEIGHT (L LENGTH (mm) | WEIGHT (g}
61 24| 80 2.2 66 2.9
62 2.1 75 41 69 3.6
63 3.4 79 45 75 45
93 9.6 88 6.8 76 3.8
97 9 89 7.9 77 45
38 5 1] 5.8 78 3.9
103 11.7 97 8.9 81 5.5
104 11 101 10 84 5.3
105 11.6 102 11 85 5.5
106 11.2 103 _ 14.9 86 6.1 _
107 12.3 106 T12_ 87 6.5
108 11.5 103 18 90 AR
109 125 | [ 10 [. 127 91 7
110 125 | ‘}"24 —1_21.7_| 92 kA3
111 13.8 1+ 180 | 26 - 08 7.3
112 14.5 138 28.7 96 9.6
113 14 140 27.7 98 a.3
116 14, 147 34.8 106 12
117 1 148 28.9 110 14.7
118 16.1 162 32.5 116 15.6
119 16.5 167 421 119 17.7
120 17.7 168 50 120 16.9
123 19 195 88.6_ 124 18
124 18.7 243 212.8 128_ 21.4
125 1865 283 204.2 131 22.3
126 20.5 294 350 133 22.9
128 19 140 28.4
129 18.9 121 41.2
130 20 147 34.3
132 20 148 35.1
144 29 149 33.6
151 39.5 150 40.3
163 33.5 164 —_48.2
154 40 166 37.2
155 37.9 157 38.5
158 38 167 49.5
161 45. 170 58.6
162 40.7 181 68.1
163 46.1 182 661
164 42.2 225 134.3
166 415 | 234 153.1 |
168 60 263 215.3
169 54.9 299 295
170 50
171 49
173 54
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TABLE H.1. (Cont.)
MILL CREEK

LENGTH (mm)

WEIGHT ﬂﬂ

701

—53

75.4

108

- &_KZ;T“;:?'{
d NS 11T




APPENDIX |

TEMPORAL AND SPATIAL BULL TROUT REDD DISTRIBUTION IN EACH OF
THE STUDY STREAMS, 1990 AND t 991.

SPRING CHINOOK SALMON REDD DISTRIBUTION IN THE TUCANNON
RIVER, 1981 AND SEVEN YEAR AVERAGE.
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TABLE 1.1. B
TMN*MWMdMMM&hMﬁmmﬁ o
streams (- indivetes that the reath: 6f theitiver was nit strveyed). ... °

. SURVEY DATE: /8 | 9/17 ] 9/28 | 1077 I 1029
LANDMARK(MW
Smofmoy(&m 0) .
3 2 3 2 -
wcmwso.n
5 2 5 2
Deadmen Creek (Rk 29.8) : :
1 4 8 4 4
No. Fork Mill Cr. (Rk 26.1) 1-
0 0 0 0 11
Electro. site # 10
TOTAL # OF REDDS 9 Jrz-f 2|8 11
WOLF FORK. 1991
- SURVEY nxrz %
LANDMARK(Hvu
Suvwmrtmkw 0)
8
Bectro. :m# 1 (8 17.0).
6 4 3 9 1
Ncwbynrukhneo (Rk 186. 1) -
2 7 0 2 2
Eloctto site # 6 (Rk )
0 0 0 0 1
Ouokcroodng bdoyv Newby's (Rk ) .
TotaLsokreDDs | T4 T B T o 1535 |3

_SURVEY DATE: |- ___gg_ E: om

Start of survey (R en 0)

Ber Croek (Rk 86.5) | -
ae@o.mcsimcaa.s) 7

Tin-man Camp (Rk 84.0) ° °
Ruchert's Camp (83.3) ° °
Sheep creek (Rk 80.9) ° >
TOTAL # OF REDDS [/ o1 21 & |9
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TABLE 1.1.

Temporal and spatial distribution of bull trout redds in each of the study

streams (--- indicates that the reach: of the river was not surveyed).

MILL CREEK, 1990

SURVEY DATE

‘LANDMARK (Riverkilometer)
Start of survey (Rk 31 .0)
Bull Creek (Rk 30.4)
Deadman Creek (Rk 29.81
No. Fork Mill Cr. (Rk 26.1)
Electro. site # 10

TOTAL # Of REDDS

9/20

8/27

10/9

28

16

WOLF FORK. 1990

SURVEY DATE:

9/

9/11

11

9/18

18

9/25

10/3

10/8

LANDMARK (River kilometer)
Survey start (Rk 19.0)

Electro. site # 1 (Rk 17.0)

Newby's residence (Rk 16.1)
Blectro. site # 6 (Rk )

Creek crossing below Newby's (Rk )

TOTAL # OF REDDS

-1t

TUCANNON RIVER. 1990

SURVEYDATE: | 919

9/26

10/4

12

10/11

10126

11/08

LANDMARK (River kiiometer)
start of survey (Rk 88.0)

Bear Creek (Rk 86.6)
Electro. site # 3 (Rk 84.6)
Tin-man Camp (Rk 84.0)
Ruchert's Camp (83.3)
Sheep Croek (Rk 80.9)

[

11

21

TOTAL # OF REDDS
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APPENDIX 1.1. (Cont.)

Temporal-and spatial diswibution of apiing mw muu- v
Tucannon River, 1990, $991, and-eeven year average. = et i

. Start'of survey (Rk 88.0) ey
P SO SR £ [+ I 0
: Beer Creek (Rk 86.5) |
. ’ . : I i o i o
Bocvodﬁ#:hmu:s) o
“:,:6- L o
: ‘nn-manCOmp(Nt 84.0) iy
i A 0
wccrnpm.a)
L oae 1 0 20
~ 'Panisb vasm‘ |
T e e g - 160
‘Mirengo ( Rk 3501
TOTAL # OF REDDS 180
JUCANNON RIVER, 1901
SURVEYDATE: | 8128 9/3 |910 | 917 | 9/24 | 10/1 | TOTAL
LANDMARK (River kilometer)
Start of survey (Rk 88.0)
0 0 0 0 0 0 0
Bear Creek (Rk 36.61
0 0 0 0. 0 0 0
Electro. site # 3 (Rk 84.6)
0 0 0 0 0 0 0
Tin-man Camp (Rk 84.0)
0 0 0 0 0 0 0
Ruchert's Camp (83.3)
1 2 0 0 0 0 3
Panjab Creek (Rk 76.0)
NA NA NA PEAK NA NA 87
Marengo (Rk 35.0)
TOTAL#OFREDDS| NA'|l NA | NA| NA ] NA | NA 90




APPENDIX 1.1. (Cont.)

Temponlmdmﬂmonofspduochlnookulmonnddahtho .
Tucannon River, 1990, 1991, and seven year average. . : i F

ON RIVER 7 YEAR
SURVEY DATE: | 1985 | 1986 | 1987 | 1988 | 1988 | 1990 | 1991 | AVG.

LANDMARK (Riverkilometer)
Start of survey (RK 83.0) | . -
' 0 0 0 0 0. 0 0 0
Bectro. site # 3 (Rk 84.6) .
o 0 0 0 0 0 0 0 0
Tin-man Camp (Rk 84.0) :
0 0 0 (0] 0 0 0 0
Ruchert’s Camp (83.3)
L g 3| 63 15 18 21 20 3 30
Panjab Creek!(Rk 75)
NA | 683 | 372 | 217 | 178 | 398 | 200 | 341
L Ric 35). § s
TOTAL # OFREDDS | - 736 | 387 1 235 1 200 | 418 _1 203 | 37

B
&

204




S

APPENDIX J
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EXPENDITURES, INCI.UWG HAJOR PROPERTY PUHCHASED DUIING
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TABLE J.I. Project expenditure8

DESCRIPTION FIRST YEAR CHARGES
salaries $19,207.14
Benefits 8253.13
Goods/Services $2,720.54

Travel 8219.25

Direct Costs | $22,400.06
Indirect C%sts (20% of salaries) o $3,841.43

Total costé g m.ﬂl,&ak

No major property was purchased during fiscal year 1991.

206




