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INTRODUCTION

The streamhabitat inventory nethodol ogy described in this report
resulted from four years of study on tributaries to the North and Mddle
Forks of the Flathead Rver. This st udigQi was funded by the Environnental
Protection Agency through the Flathead River Basin Steering Conmittee. The
met hodol oPy raws upon multidisciplinary know edge in describing the
bi oltog| cal " and physical features interacting to form the stream environ-
ment.

The basis for this nethodol ogy was the systemdevel oped by the Resource
Anal ysis Branch of the British Col'umbia Mni'stry of the Environnent and
used to survey the Canadian portion of the North Fork drainage (Chanmberlin
1980a, 198(b)." During the four years of study, the nethod was refined to
fit our specific needs and to reduce individual observer bias.

‘The U.S. Forest Service developed a Stream Reach Inventory and Channel
Stability Evaluation technique (Figure 1l to identify unstable stream
channel areas and to nonitor recovery rates of such areas (US Forest
Servi ce1975?. The channel stability method was incorporated into our
habi tat eval uation technique during the 1980 field seaso.n%Fral ey et al.
1981* to provide conparabl e data between agencies. A detailed instruction
bookl et describing evaluation procedures is available from the US
Departnent of Agriculture, Forest Service Northern Region.

A l'ine transect nethodology simlar to that described by Herrington
and .Dunha.m$1967) was included1n 1982 to provide nore precise site
specific information.

Annual reports (Gahamet al. 1980, Fraley et al. 1981, Shepard et al.
19821 shoul d be consulted to determ ne exact nethodol ogies used during each
field season.  Qur nodification of the original inventory glossaryis
presented in Appendix A

METHODS
AERI AL SURVEY

The habitat evaluation process hegan by obtaining U S. Geol ogic Survey
Quadrangl e maps (7.5 mnute series) of the study areaand col or coding all
tributaries to indicate stream order. Beginning at the mouth, each
tributary was divided into one kmsectionson maps to facilitate the
| ocation of reach boundaries, survey sites and inportant streamfeatures.

Aerial photographs of the area were reviewed for |andmark reference during
aerial surveys.

Each tributary to be surveyed was flown by helicopter fromits nmouth
to the upstream limt of suitable fish habitat. “Suitable fish habitat was

defined as perennial flow or adequate size to support a fi sh population. A

definite fish barrier also marked the upstreamboundary of the survey.
During this upstreamflight, inportant streamfeatures such as sl unped

banks, obstructions to fish passage, beaver activity, trails and other
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FORM  FMD-H

HEL|I COPTER STREAM SURVEY REPORT

stream Reach No. St ream kns:
Dat e: Ti me: (bserver:
Suggested survey section - km to km

Reach Characteristics

Upper bank sl ope: Mass wasting potential:
Valley flat: Pattern:
Flow characteristics: Channel wi dth:
Debris - channel: Barriers - types:
f 1 oodpl ai n: | ocations:

Spawni ng potential - Bull trout:

Cutt hroat:

Portion recommended for redd counts:

Bull trout - km to km
Cutthroat - km to km

Ceneral comments:

Stream features:

Figure 2.  Helicopter Stream Survey report.



crossings, were noted by the observer equipped with the topographic maps
and a tape recorder. Qher habitat features such as streampattern bank
slope characteristics, streanbed material, debris guantlty and spawni ng
potential for cutthroat and bull trout were noted. A general overview of
geomor phical 'y sim | ar sections (reaches) was al sogained duringt he
uEstrean1 flight. GCeneral location of reach breaks were based | argely on
changes in stream gradient. Avreturnflight downstream at greater altitude
and speed al l owed the observer to establish actual reach breaks and confirm
| ocations, while keeping flying time to a mninum A nobile fuel source
provi ded by a backup observer and a vehicle carrying 55 gallon fuel drums
also reduced fuel consunption and flying tine.

Tapes were transcribed in the office and streamfeatures and reach
breaks were added to the U S GS. maps. AHelicopter StreamSurvey Report
(Figure 2) was conpiled for each reach. Recorded information included a
suggested survey section typifying the reach, information on stream
features, reach characteristics and general conments. Length of the
recomrended survey section was based on total reach length.  Conpl eted
helicopter survey forms and a field copy of the US GS. maps acconpanied
crews conducting ground surveys.

GROUND SURVEY

Before beginning ground surveys, an intensive one or two day training
session was conducted to teach survey personnel the techniques and
standarize each individual's perception of what consti tutes each habitat
variable classification. During this training session replicate surveys
were conducted by all field personnel in two person crews so that
replication of survey results could be tested. [f results fromreplicate
surveys differed significantly, nmore discussion and training were used to
ensure results obtarned fromdifferent crews in the sane reach were
simlar. It was advisable to repeat this replicate survey with all ground
crews once during the field season to test. the assunption that surveys were
conducted in a simlar manner.

Cews of two trained observer-s perfornmed the ground survey for each
reach. The crew confirmed helicopter observations of obstructions to fish
passage and other inportant features in each reach. The tog of form FMD-|
(Figure 3) was conpl eted upon arrival at the survey section. Stations where
observers measured and rated habitat characteristics were selected bv
pacing a predeternmned random di stance along the stream channel. These
randompaces were | i sted on the botton portion of fonnFMD-I(F[?ureBy
Ihe fol l ow ng parameters were evaluated at 20 randonly | ocated sites per

m

flow character

debris presence

debris stability

side channel occurrence

split channel occurrence

habitat unit (pool ,riffle, run, pocketwater, cascade)

YOI WN -

Aguatic habitat was further quantified at a variable number of transects



Lergth of survey section

Start of survey: km
Stage: Dry L M H Flood
Turbtdity: ntl L M High
confinement: Ent Conf Fr Oc
Pattern: St Sin 1Ir ™ Rm
Valley flat:

&

Un  N/A
Tm

FORM FMD-]

Creek hame.
Water Code:
Survey personnel
Agenct
Date:
Air Temp
Weather
Photos
Flow

React,

Time:
Water temp.:

Loc

BJank:  form process 3
Debris: X stable Reach length Gradient
Stde chan Split chan Reach location
Wet width m Chan width n Stream Order
Ploodplain Debrist § L M H Depth:  Avg cm  Max cm
Floechar: P S R B T Imbeddedness: 0-25 25-50 50-76 75-100
3UBSTRATE Compaction 090 cm
Size Clasy Streambed Bank Genetlc Material:
S11t -detritus HABITAT UNIT | 4
Sang (<2 mm) Pool Pool Class
Sm._Gravel (2-6.4mm) E::er
hg. Gravel (5.4-B4mm} s Pocket water {l
| Coscade 1

Cobble (64-256 mm)
oulder-bedrock {>256 mm)

Type:
Type:

Instream cover %
Overhead cover 3

D RSPy o e i A

Vertical Stability - A ? D

m per pace

Transect]|Flow DEBRI]S

No. Char. |Pres. § Abs.

Stable

Unstable

Side
Chan.

Split
Chan.

Pool(1,11,111)
Riffle Pocket Water]

Run

Habitat

unft Cascads

Figure 3.

Form FMD-1 for general field and office data.



Pate ransect Fliw BRI Side Spli FeatureP;fg}:;l!'ll[' Pucket Water
HO. Mo, _ Char. |Pres.] Abs.]lscable junstable chan. chan. Run Cascade

i _
1 SR -

Significant features:
Pace Mo.  im

Notes:

Figure 3. (Continued).

Description



per km depending on the |evel of precision desired. The followng
paraneters were nmeasured at one neter intervals or at a mninumof five
equal 'y spaced points across each transect:

1) depth to nearest cm

2) instream cover

3) overhead cover _

4) two predom nant substrate size classes

Visual estimtes of substrate inbeddedness, conpaction, D-90, percentages

of each substrate size class, percentages of instreamand bank cover and

maxi numdept h were al so made at each transect to attenpt to quant|f¥ t hese

subj ective observations by using mJ|tIP| e observation points. Total wetted
wdth and channel wdth were neasured at each transect.

At every fifth transect the followng features were noted:

1) flood signs

2) bank form

3) bank process
4) bank conposition

This information along with any additional comrents were recorded on field
formFMD>-J (Figure 4).

~ The Forest Service stability evaluation (Figure 1) was conpleted

i mediately fol lowing the habitat survey on each reach. Wen possibl e,
streamdi scharge was al so neasured at this time. The office portion of
form FMD>-1 (Figure 3), sunmarizing field measurements, was conpleted any
convenient time after the survey.

DATA ENTRY AND ANALYSI S

~ Habitat data for each reach were coded on Montana Interagency Stream
Fi shery Resource Data Fornms (Holton et al. 1981). These fornms and
instructions concerning their use are presented in Appendix B. Data from
conpl eted Interagency forms were keypunched and entered in the statew de
data base adm nistered through the Department of Fish, Wldlife and Parks

in Helena. Adictionary was constructed enabling any physical, chemcal, or
biol ogical paraneter available to be requested for a particular reach
(Fraley et al. 1981). Use of the habitat eval uation nethods and their
apP! icability to fisheries and |and management situations in the Flathead
National Forest were described in Gahamet al, (1982) and Fral ey and
G aham (1982).

Habi tat survey transect data were entered into data files onthe ICS
850 conput er | ocated at the Mntana Depart ment of Fish, Wldlife and Parks
Regi onal Headquarters, Kalispell, Mntana. Conputer prograns (HABFST and
SU M R) ver e devel oped t o enter and sunmari ze habi tat I nformati on by survey
section.



FMD-J

Creekt Transect Ho.: 1- 1' Date: TRMP;: Air: Water:
1 .2 3 L 5 (] T 8 g 10 1 12 13 1k 15 16
Depthi
Subatr:
0.H,

Cover 1t

Instrean

Cover H

Total Wetted Channel DPepth VISUAL Small

Width: Width : Feature: {Maximum): STREAMBED: Organics ; Fines: ; Oravel:

Large

Inbededness: Compactfon: N1l L M H®- D-90: em Gravel! i Cobble & i Boulder
VISUAL
COVER: Instream; Bank:

Cousnentas

00X 000000 G000 OCO0OOO0R0NN0NGONNCONA00LCX XX XK X % X000CXX 00X X 00000000 X33 1 YO 0UOGI000000UD XY 30000

Creek: _ Transect No.: 5 Dates: TEMP: Air: Water:
1 2 3 L 5 6 T 8 9 10 11 12 13 14 15 16
Dapths
Subsetry
O.H.
Cover 1
Instream .
Cover i
Total Wetted Channel Depth YISUAL Small
Width: Width : Feature; (Maximum): STREAMBED: Organic: 3 Fines: ; Graval:
Large
Imbededness; Compaction: Nil L M H D-90; VISUAL Cravel: i Cobble ¢ $ Boulder
FLOOD SIGNS: Type: _ BANK: Form: BANK COVER: Instreum: Banks
He.: Proc.: MATERIAL: Organic 2 Fine: 2 Swm. grav.:
L. grav: % Cobb: % Boulder: 4

Cowments:

Figure 4. Field transect form FMD-J.
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G ossary of terminology used in stream habitat surveys.

Adapted fromBritish Colunbia Mnistry of Environnent,
Resour ce Anal ysis Branch.
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PREFACE

~ This glossary is organized with definitions preceded by the year in
which they were adopted. Eval uation of sone paraneters changed one or nore
times during the four years of study, therefore several definitions may be
presented for certain terns.

Many of the parameters described are classified in abundance by Nil,
Low, Moderate or High. Were not specifically defined (e.g. stage) these
terms shoul d have the fol | owi ng neani ngs:

Ni | the itemis not present, or so seldomas to be irrelevant to
any interpretation.

Low the itemis present, but only as a few scattered occurrences
or inasingle spot.

Moderate the itemoccurs in several scattered | ocations or a few smal |
concentrated zones.

Hi gh the itemis frequently present thrwghout the sanple area
&reach or point) as continuous cover or frequent zones of
currence.

GLOSSARY

bank - (1979)  the rising ground bordering a stream channel below the |evel
of rooted vegetation and above the nornal streanbed:
designated as right or left facing downstream (See bank
formand bank process). See also Figure 1.

Left (Looking  downstrean) Right

Bank height

Max. depth

Channel width

Valley width

FIGURE 1. StreamCross section
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bank cover- (1982) refers only to percent overhang <I mabove water
surface. Sanple frequency - every transect.

bank form (1979) the range of bank forms is arbitrarily separated into
four classes which reflect the current state of river
processes. Sanpl efrequency - every fifth transect
(Figure 2):

F (flat) -the river bed slopes gently to the beginning
8f rootedvegetation, frequentlyw thoverlapping bar
eposits.

R (repose) - the bank is eroded at high water |evels,
but is at the angle of repose of the unconsolidated
material usually 34" - 37°).

S (steep) - the bank is nearly vertical due to
consol i dation by cementation, compaction, root structure
or some ot her agent.

U (undercut) - the bank has all undercut structure caused
by erosion. When undercut banks are stabilized by
vegetation this shoul d beindicatedinthe comments.

~ Flat Steep

. 4 R+ e
R A T R )

.. AW e
C.)..()"Ae o°-e°_;‘,"°'°-‘.-_'

p - e % " .
Ky e A R R e

. :.!'5. XS e - 2 .

Under cut

FIGURE 2. Bank Fornms

bank process - (1979) the current fluvial process the bank is undergoing.
npl efrequency - every fifth transect.




F (failing) - active erosion and slunping is taking place.

S (stable) - the bank is of rock, has very hi.g}h. root density,
or is otherwise protected from erosion. "Artificially
stabilized banks should bhe noted in the coments.

A (aggrading) - continuous sedi ment deposition is takin
place, causing the river channel to mgrate away from the
river bank. mmon on the inside of meander bends where it
may be acconpani ed by the presence of a range of early to
late seral vegetation.

barrier - See Cbstruction.
cascade - (1982) ? |hlabitat unit consisting of a series of small steps or
alls.

channel - (1979

anatural or artificial waterway of perceptible extent
which periodically or contmuouslg contains novi n?
water. It has definite bed and banks which normally
confine the water, and which di SJ)| ay evidence of flavial
processes (See channel width ana Figure 1).

channel width - (1979 the width of the channel fromrooted vegetation to

rooted vegetation. Mean annual high water |evel
shoul d be "used in the absence of vegetation. If
measured by tape, the width should be given to the
nearest 0.1 m(See Figure 1). Sanple frequency -
every transect.

cover - (1979) anything which projects over the water surface at the tine of

survey. It is divided into two arbitrary levels: crown cover
(>L m above water surface) and overhang cover (<I mabove
water surface). Described in terns of the projected area of
wat er surface covered (%of wetted surface area). Sanple
frequency - visual average for reach.

(1982) sheltered areas in a wetted stream channel where a trout can

rest and hide in order to avoid the inpact of the elements or
enem es. |nstreamcover types include aquatic vegetation,

| ogs, debris, large cobbles and boul ders, and man-made
structures.  Overhead cover woul d i ncl ude undercut banks,
overhanging vegetation 1 mor [ess above the water surface
(bank cover), overhangi ng understory and overhanging
overstory canopy. Sanple freguencly - 1 mintervalsor at a
mnimumof five equally spaced cell's across each transect.

Cover types were expressed in terms of percent based on

presence/ absence data for all transects in the reach. Cover
types were coded is fol | ows:
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Cover Codes

Instream Qverbead

Code Code

Type o, Type o,

None . 0 None 0

Aguatic vegetation 1 Undercut  bank 1

Logs 2 Qverhead (<1 m 2

Debris iE% Bel owwat er 3 Understory (I-5 m 3

Boul ders surface 4 Overstory (35 m 4
Logs 5
Debris % Above wat er 6
Boul ders surface 7
Man- mdest ruct ure 8

- (1983) turbulence was added as an instream cover type. bogs,

debris, and boul ders above the water surface (instream
cover code nunbers 5,6 & 7) were deleted fromthe |ist
of instreamcover types and were recorded as overhead
(d mor understory (I-5 n)cover. Cover was recorded
as being present only if it ﬂrOVIded cover over at |east
10% of the surface area of the cell being considered.

conpaction - (1979) the relative | ooseness of bed material wthrespect to

confinenent - (1979

fluvial processes. Caused by sedi mentation, mneraliza-
tion, inbrication or material size. Indicated as nil,

| ow, moderate K high as determned by the relative ease
Wi th which a boot can be worked into streanbed naterial
Sanpl e frequency - every transect.

the degree to which the river channel is limtedinits
| ateral novenent by terraces or valley walls (Se Figure
3. Sanmple frequency - average for reach by visual and
mps. The channel “is either:

Ent - entrenched - the streanbank is continuous
contact (coincident with) valley walls.

Conf - confined - in continuous or repeated contact at
the outside of mngjor neander bends

Fr - frequently confined by thevalley wall.
Cc - occasionally confined by the valley wall.
Un - unconfined - not touching the valley wall.

N A - not applicable (e.g. where no valley wall
exists)

14



debris (channel) - (1979) or%anic_ material (primri |ogs, linbs, root
masses) deposited withinthe chan nel; not just in the
wetted streamchannel at the tim of survey. Debris is
recorded as being present if it ¢ oud provide trout
cover over at least one tenth of the channel width at
bankful f1 ow.

(1982) described as present or absent at 20 sites per
km

debris (floodplain) - (1980) organic material (primarily logs, |inbs, root
masses) deposited within the floodplainat time of
survey. Described as Nil; Low, Mbderate or H gh. (See
flood sign). Sanple frequency - average for reach
taken from helicopter sheets.

debris stability - (1979) debris in the streamchannel that has a low
probabi lity of bei n(_} moved out of the area during
normal spring runoff. Stable debris is usuall
enbedded in or attached to the streanbed or ban
and forms a part of the stream's norphol ogic
character.

(1982) Sanple frequency - 20 sites per km
D-90 - (1979) the diameter of bed material which is larger than 90% of the

remaining material. Measured by length of intermediate axis.
See Figure 4. Sanple frequency - every transect.

D90-40 nm (L axis)
1009, ..

less
than

50 A

r——

10 ) 30 40 50
substrate diameter (mj -

a Intermediate dianeter = b

FIGURE 4. D90 and Internediate AXis
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Ent r enched Confi ned

Un- confi ned Not applicable

FIGURE 3: Confinement
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enbeddedness (i mbeddedness) - (1979) the degree of filling of the
interstitial spaces of a gravel or rubble stream bottom with
sand orfines. Estimated as Oto 25% 25 to 50% 50t 075%
or 75 to 100% enmbedded. Sanple frequency - every transect.

- (1983) theext ent to which the predom nant-sized particles
inthe streanbed are covered by fine materials(sand &silt).
Embeddedness was coded as f ol | ows:

Enbeddedness Code No,
Dom nant particlesizegroup conpletel 1
enbeddgd in fines (gr ngarlgpso). y
Three-fourths enbedded 2
One- hal f enbedded 3
One-fourth enbedded 4
Unenbedded 5
entrenchnent - (1979? streamchannel incision resulting fromcurrent
fluvial processes. This represents the extrene case of

stream confinement. (See confinenent).

feature- (1979)  a specific streamattribute worthy of note. Inportant
streamfeatures woul d i ncl ude sl unped banks, and barriers
or obstructions (such as beaver dams, log jams, chutes,
falls) that could possibly hinder upstreamfish movement.
The | ocati on, Ienc?th and hei ght of inportant features
should be recorded.

flood signs - (1979) evidence of the height of historic flood water
level's. Recorded are the "height" above water level at the
time of survey and the "type" of evidence such as debris (D),
flood channel’s or bank scour (B, soil profiles (P, nud
deposited on trees (M, or historical information (H such as
mrqht be found i n newspaper files. Sanple frequency - every
fifth transect.

flow- (1979) di scharge in cfs or cns. Method of measurement and neter
must be indicated. Sanple frequency- flow during
survey or average low flow

fl ow character - $1979). the surface expression of the water that is
eterm nedby water velociaty and bed material. Sanple
frequency - 20 sites per km It is described at the tine of
survey as:

p - placid - tranquil, sluggish

S - swrling - eddies, boils, swrls

[ --rolling- unbroken wave formnunerous

b- broken - standing waves are broken, rapids, numerous
hydraul i ¢ j unps

t - tumbling - cascades usual |y over large boul ders or rock
out crops.
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geneticmiterial - (1979 materials are classified according to their node
of formation. Specific processes of erosion, _
transprtion, deposition, mss wasting and weathering
produce specific t Pes of materials that are _
characterized chiefly by texture and surface expression.
Subsurface layers are noted in a coment. Sanple
frequency - visual average for reach

Descriptive term nol ogy:

A Anthropogeni ¢ - man-made or man-nodified materials; including those
associated with mneral exploitation and waste disposal, and excluding
ar chael ogi calsi t es.

C Colluvial- product of mass wastage; materials that have reached
their present position by direct, graV|ty-|nduced movenent (i.e. no
agent of transportation involved). ~Usually angular and poorly sorted.

E Eolian - materials transported and deposited by wind action
Usual Iy silt or fine sand wth thin cross-bedding.

F Fluvial - materials transported and deposited by streans and rivers.
Usual Iy rounded, sorted into horizontal layers, and poorly conpact ed.

| Ice- glacier ice.

L Lacustrine - sediments that have settled from suspension of bodies
of standing fresh water or that have accunulated at their margins

through wave action. My be fine textured with repetitive annua
| ayer s (varves).

MMrainal - the material transported beneath, beside, or within and
infront of a glacier; deposited directly fromthe glacier and not
modified by any internediate agent. Usually ﬁoorly_sorted and angul ar

to sub-angular. My be highly conpacted and have significant clay
content.

0 Oganic - materials resulting fromvegetative growh, decay and
accurmul ation in and around cl osed basins or on gentle slopes where the
rate of accunulation exceeds that of decay.

R Bedrock - rock outcrop and rock covered by a thin mantle (less than
10 c¢m of consolidated materials.

SSaprolite- weathered bedrock, deconposedin situ principaly by
processes of chemcal weathering.

V Vol cani ¢ - unconsol i dated pyroclastic sediments that occur
extensively at the land surface.
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WMarine - sedinments that have settled from suspension in salt or
bracki sh water bodies or that have accunulated at their nargins through
shoreline processes such as wave action and | ongshore drift. Found in
coastal areas bel ow 125 mabove sea |evel.

UUndifferentiated - | ayered sequence of nore than three types of
genetic material outcropping on a steep, erosional (scarp) slope.

gradient - (1979) Difference in elevation (n fromupper to | ower reach
breaks divided by length of reach (§ X 100. Calcul ated
fronp] a topographic map. Sanple frequency - for entire
reach.

habitat unit - $1979a) expression of streams hydrol ogic nature. Sanple
requency - 20 sites per km Broken into:

%
run
glide

(1979b)  pool
riffle
run

(1980) pool
riffle
run
pocket wat er

(1982)  pool
riffle
run
pocket wat er
cascade

instreamcover - (1982) See cover.

notes - (1979) coments should be nmade in regards to habitat suitability for
spawni ng west sl ope cutthroat trout and bull trout; |and use
activities (logging, grazing, etc.) in the valley flat and
p{ommty to streanbanks; uniformty of habitat wthin reach;
etc.

obstruction - (1979) any object or formation that may bl ock or hinder
vaterflow and/or fish mgration identified by helicopter and
confirmed by ground crew. Various types are distinguished
such as falls, cascade/chutes, beaver danms, culverts,
vel 00|t¥) and man-mde dans. Height, length and location
should be recorded.
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(1982) obstructions or barriers are classified as:

Type A Conplete barrier toall fish passage
Type B. Barrier to spawning bull trout

Type C. Possible barrier to all fish passage
Type D: Possible barrier to spawning bull trout.

pattern - W979) the channel pattern of a reach described in terms of its

rel ative meander curvature (See Figure 5. Sanple frequency -

average for reach by visual and maps. Cassified as follows:

St straight - very little curvature within the reach.

Sin sinuous - slight curvature within a belt of less than
approxi mately two channel wi dths.

Ir irregular - no repeatable pattern, _ _

Im irregular meander - a repeated pattern is vaguely present in
the channel Ipl an. The angle between the channel "and the
general valley trend is |ess than 90°.

Rm regular meandefs - characterized by a clearly repeated
attern.

mm toprtuous meanders - a nore or less repeated pattern
characterized by angles greater than 90°.

M—_—W W

Strai ght Si nuous

| rregular | rregul ar meander

A YA VAN
R X

Regul ar neander Tortuous meander

FIGURES. Channel Patterns
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pocket water - (1980) a habitat unit - typically a run, whose flowis
interrupted by boul ders creating small turbulent pools or
"pocket's" which can provide cover for fish. Distinguished
fromcascade by the absence of small steps or falls.

pool - (1979% a habitat unit of |ow velocity and deep water relative
to the main current.

pool classification - (1979) a classification scheme designed to indicate
the value of a pool as fish habitat. Each pool is
rated based on the size, depth, and cover. The total
score is used to determne pool class. The scoringis

as follows:
DEPTH RATI NG COVER RATING
Dept h Score Cover Score
Over 3 feet 3 Abundant 3
2-3 feet 2 Parti al 2
Less than 2 feet 1 Exposed 1
SI ZE RATING
(measurement | ongest axis of pool)
Size Score
Pool IonPer or wider than average width of stream 3
Pool as onfg] or wide as average width of stream 2
Pool much shorter or narrower than average width 1
of stream
TOTAL SCORE POOL CLASS
g or9 |
7 I
5* or 6 || ]**

*Atotal score of 5 nust include 2 points for depth and
two points for cover.

**Pool s that score less than Class Il are recorded as
“unclassified” or as “pocket water”.

reach- (1979) a segnent of a streamwhich has a distinct association of
physical habitat characteristics. Gadient is aninportant factor

Inreachdelineation. Streams are divided into reaches by aerial
observer.

reach length - (1979) distance in kmfromlower to upper reach break,
Measured on topographic nap.
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reach nunber - CW?? reaches are nunbered sequentially upstreamfromthe
mouth (1,2,... n).

riffle - (1979) a habitat unit with shallow, fast moving water where the
surface is turbulent and broken.

run - (1979) a habitat unit of mediumvelocity water with surface not
turbulent to the extent of being broken. Intermediate between
pool and riffle.

scour - (19791 substrate size, angularity and brightness indicate anount
of scour or deposition ann? channel bottom Described as NI,
Dow,hNbderate or Hgh. Sanple frequency - visual average for
reach.

serial nunber - (1981) this nunber will bhe controlled by regional or state
office or agency entering information.

side channel - (1979) a channel connected to the main channel that is
usuallﬁ | ess than one fourth of the average main channel wdth.
Si de channel s trplcall have |ower velocity flows (frequently
placid) and smaller substrate (smll gravel, fines, and detritus)

than does the main channel . Described as present or absent at 20
sites per km

split channel - (1982) channel divisions that do not differ significantly
fromthe main channel in terms of current velocity or substrate
type. Described as present or absent at 20 sites per km

stage - (1979) the relative water level at the time of survey
Inferred fromevidence of flowin bank and bed. Sanple frequency
- visual average for reach. The categories usedare dry, |ow
noderate, high and flood:

Dry - water not present or only as unconnected pool s.

Low - water flowng as thread(s) within the channel; nost bed
material  exposed. ,

Mderate - water flow ng throughout the normal bed and in contact

with lower portions of banks. Some bars are exposed
. sand and smal| ﬂravel sized bed material is in notion

H gh - water flow ng throughout the normal bed and in contact with
m ddl e to upper portions of banks: nost bars are subnerged;
gravel and cobble. Sized bed material is in mtion.

Flood - water bank full or over banks and into floodplain; maxi num

rates of bed material transport.

stability rating - (1980) nine ratings of bank stability conbined with
six ratings of bed stability for a streamreach. US. Forest

Service stability evaluation field forms were used. Sanple
frequency - average for reach
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streamorder - (1979) a number assigned to a streambased on its
location in the drainage. Any unforked channel which appears
on USGS maps is a first order drainage. Two first order
streans meet to forma second order stream and so on.

substrate conposition - (1979) the assenmblage of sizes of material in
banks and bed. Sanple frequency - every transect. Described
according to the follow ng:

Organic - material derived fromanimals or vegetation. 1
Fines - <2.0 mm 2
Gavel - small| - 2-16 mm |arge - 16-64 nm 3,4
Cobble - 64-256 mm

Boul ders - > 256 mm 6
Bedr ock

- (1982)  the dom nant and subdom nant substrate types were
recorded for each cell at 1 mintervals (or at a mninmum of
five equally spaced cells) across each transect. The Percent
conmposi tion of each substrate size class within the stream
reach was cal cul ated as the nunber of occurrences of a
particul ar size class as either a dom nant or subdom nant type,
di vided by t wo tines the nunber of neasurenent cells.

turbidity - (1979) described as NI, Low, Moderate or High.
Sanpl e frequency - visual average for reach.

val l ey: channel ratio - (1979) mean valley wdth
mean channel width
Sanpl e frequency - aver age for reach.

valley flat - (1979 t he area of a valley bottomwhich may fl ood,
i ncl udi ngb low terraces. Relic terraces which cannot be
y

f1 ooded the present river are excluded fromthe valley
flat. See Figure 6. Estimated mean width by aerial obServer
or from USGS maps.

val ey wall - (1979) the remainder of the valley slope above the vall e)(
flat and relic terraces. In some cases such as on fans or deltas,
there may be no valley wall. See Figure 6.

vertical stability - (1979) an indication of the net effect over
a long time period of processes of deposition or scour of the

streanbed. Described as degrading (Deg), aggradi ng* (Agr) or
not r?bw ous (?).  Sanple fréquency - viSual average Tor
reach.

water chemstry - (1981) chemcal parameters and ratings, optional.

water code - State of Montana Department of Fish, Wldife and Parks code
nunber for streamin question.
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wetted width - the width of water surface at the point sanple
cross-section. Sanpl e frequency-- everytransect.

Valley wall

Terrace

Channel width
—L—

4

‘ i

valley flat wdth

FIGURE6. Valley Profile
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APPEND X B

Data entry format and explanation for the Int eragency
Stream Fishery Data Input Form (for cards |-3
Format, instructions and exanple forns for
addi tional cards 30 through 38).
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| NTERAGENCY STREAMFI SHERY DATA | NPUT
FORMI NSTRUCTI ONS FOR DATA ENTRY CARDS | - 22

CARD 1:

Serial Nunber:This number will be controlled by regional or state office
or agency entering information.

State: The code for Mntana is 30.

Hydr ol o?ip Code: This entrK designates the drainage. Regional and
state office of each agency have these codes.

StreamOrder: Anunerical classindentificationassignedtoatributary
based on its location in the drainage. Two first order streans meet to
form a second order stream etc.

State Water Code and Water Type: State water code and water type are
obtained froma list furnished by the Mntana Departnent of Fish, Widlife

and Parks. Streamwater type codes are 01 to 19, with 19 being a stream
unabl e to sustain a popul ation of fish.

Reach: Portion of a streamw th adistinct association of physical habitat
characteristics. Gadient is the mjor factor in reach delineation.

Reach Number: The reaches are nunbered consecutively fromthe nouth up
the stream

CARD 2 AND 3:

Reach Boundaries: Brief description of upper and |ower boundaries and map
coordinates for these boundari es.

Hevation: Upper and |ower el evation of reach boundaries in neters.

Average Wetted Wdth: Average of measurenents fromone water's edge to the
other, taken at randomintervals withinthe habitat secti on.

Tributarv To: USGS map nanme of streamor river into which the study
stream converges.

County: Al'l Fl athead County streans are 029.

CARD 5:

Fi sh and Gane Region: All Flathead County streams are in Region QOne.
Percent Pocket Water: A series of small pools that do not classify as

pool s i ndi vidual |y, but in conmbination create fish habitat. Pocket waters
are usual Iy foundin boul ders, or cascade areas

Ingress: Legal availability of public access to the station.
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CARDS:

Flow During Survey: Theinstreamflow(n$/sec during the survey and the
dat e of observation.

Normal Low Flow Lowest flow expected during an average year from past
records or as can be estimted. Note : This is not the historic |ow flow

Valley Flat: The area of a valley bottomwhich may flood, including |ow
terraces. Relic terraces which cannot be flooded by the present river are
excluded fromthe valley flat.

Channel Wdth: The width of the channel fromrooted vegetation to rooted
vegetation.

Average Maxi mum Pool Depth: The maxi mumdept h measured inthe deepest pool
in the habitat section.

Gadient (%: Difference in elevation (metfers) frhom upper to | ower end
of reac

Lengthof reach (neters)

This is usually measured with a clinometer or is calculated froma
topographic nap.

Run-Riffle Ratio: The estimated percent of each tyEe, for a portion
of the stream at |ow water. |n conbination with pocket water, equals 100%

Pool -  Usually deeper, quiet water, although pools may be at the
base of" falls.

Run - Mderately noving water with t he surface not turbulent to the
extf??t of "being broken. Internediate between pool and
riffle.

Riffle- SbhaLIow, fast moving wat er where the surfaceis turbulent and
roken.

CARD 9 AND 10:

Bott omType; Ent ered under Run. Percent make-up of bott omsubstrate (the
bed material).

Average Peak Water Tenperature: The highest water tenperature neasured
during t he sumer.

Spring Creek: A spring creek or spring streamis identified by its fairly
const?nt tenperature, flowand clear water. Watercress wll often be
present.

Aifected by Lake: When | ake or i npoundnent significantly affects water
tenperature, flow pattern, fish food, or fishrunswithinthe reach or
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stream

| nundat ed by Beaver Ponds: The percent of the reach | ength presently
| npounded by beaver ponds i s entered.

D-90: The diameter of bed material which is larger than 90 percent of the
remaining material. Measured by [ ength of i nternediate axis.

zb.’;al Al kalinity and Specific Conductance: Al kalinity and conductivity
}/la ues a_redneasured at the | ower end of individual drainages during the | ow
ow period.

Fl oating: Recreational use by boaters.
Special Value: Inportance as atrout recruitment stream
CARD 11

Channel Stability Rating Elements: N ne ratings of bank stability conbined
with six ratings of bed material for a streamreach. US. Forest Service
stability evaluationfieldformswere used.

Pool Classes: The percentage of the pools in the reach in each pool class.
Total = 100 percent. Pool classes are determned as fol | ows:

Size: IVbalsurerrents refer to the longest axi sof the intersected
pool .

3- poollarger or wider than average width of stream
2 - pool as wide or long as average streamw dth _
1 - pool much shorter and narrower than average streamw dth.

Depth Ratings Cover Ratings
3 -Over 3 feet 3 - Abundant cover
2 - 2-3 feet 2 - Partial cover
| - Under 2 feet 1 - Exposed
Total Ratings Pool C ass

a-9 1

7 2

5- 6* 3

4-5 4

3 5

*Sumof 5 nust include 2 for depth and 2 for cover.

Habi tat Val ue for Fishes of Special Concern: Ajudgenent val ue of habit at
for spawning and production of westslope cutthroat.

Fish Population: List of game fish species present, their abundance and
dom nant use.
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CARD 19:

| mheddedness: The filling of the interstitial spaces of a gravel or rubble
streambottomw th sand or fines.

Habitat Trend: All man-caused activities in or adjacent to tjhe streamas
wel | as dynamc natural processes.

Esthetic: Description of the pristine qualities of the reach.
CARD 20:

and length of artificial and natural

annel Alterations: Cause, type,
(c:H rchhannel.

anges occurring in the strea

Rank Encroachnent: Description of structure or activities that interfere
with natural stream floodplain hydraulics.

CARD21:

Data Source: Mnth, year, field person, and agency to be contacted
concerning data and agency.

CARD22:

| nformati on on thereach not contained on ot her cards.
ADDI TI ONAL | NFCRVATI O\

Parameters were rated based on the following criteria;
1-3 means the data rated were based onjudgenent estimates.
4-6 neans the data rated were based on |imted measurements.

7-9 neans the data rated were based on extensive neasurenents.
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| NTERAGENCY STREAM FI SHERY DATA | NPUT
FORM | NSTRUCTI ONS FOR DATA ENTRY CARDS 30- 38

Cards 30-35 are optional, but. any nodul e that has entries nust be complete,
| .e., species (codes) and densities nust be filled out.

CARD 30 - POCLS

Gl um6-7:  Method of estimting (see code sheets on page B3 for nethod
abbrevi ati ons)

Col um 8: Eating, enter |-9

Col um 9-11:  Enter species code (enter 3 di git number) (0121

Colums 12-27:  Enter density (0-999.9) per 100 n? for each age cl ass

Col ums 28-30:  Enter species code (005)

Colums 31-46: Enter densities (0-999.9) per 100 n? for each age class
Col umms 47-49: Species code (085)

Colums 50-57:  Densities (0999.9) per 100 n2

| f aspecies i s not present, | eave species code and density col ums bl ank.

CARD 31 - 34 - RUNS, Rl FFLES, POCKET WATER, COVBI NED FEATURES
Sane as Card 30

CARD 35

dSamatas Card 30 except enter Biomass (g/100 m)(0999.9) i nstead of
ensity.

CARD 36

Option, but any nodul e that has entries nust be conplete, i.e., nunber,
density, year and rating nust be filled out.

Columns 6-8:  Nunber of bull trout redds in reach, enter G999
Colums 9-11: Density of redds (no/kn (0-99.9)

Colums12-13:  Year of redd survey (1950 to 1980)

Colums 14: Rating -9

Sequence repeatedthroughcol umn 41.

CARD 37 - ADDITIOUAL PHYSICAL [u. TTAT DATA
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Colums 6- R Average depth (0-999 cnj

Colum9: Rating (I-9)

Col umns 10-11: Percent cover, overhang (0-99 or blank)
Colums12-13:  Percent canopy (0-99 or blank)

Colum14: Rating(l-9)

colums 15-17: \etted cross sectional area (m) .1-99.9
Colum18: Rating (1-9)

Colums12-25:  Drainage area (1-999999.9 or bl ank)
Colum26: Rating(l-9)

Colum27: Barrier Type (see code sheet for abbreviations)
Colums 28-31: Barriers (0-999.9 or blank)

Colum32: Rating (I-9)

Col ums33-42:  Percent cover in features (0-99, or blank)
Colum43: Rating(l-9)

Col utms 44-46: Rl ank

Colums47-48:  Flowcharacteristics (see code sheet for abbreviations,
Al pha code - domnant in Col. 48)

Col urm 49: Bl ank

col ums50-51:  Valley - channel ratio (I-99)
Columb52:  Rating (I-9)

Col um 53:  Confinement (see code abbreviations)
Col umb4: Pattern (see code abbrevi ations)
Colum55:  Floodplain debris - NL MH
Colum56:  Channel debris - NL MH

Col ums 57-59:  Percent of stable debris (0-100)
Colum60: Rating(l-9)

GQlum6l: Bank Form(see code abbreviations)
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Colum 62: Bank Process (see code abbreviations)

Column 63: Type of Genetic Miterial (see code abbreviations)
Colum64: Rating (I-9)

CARD 38 - CPTI ONAL

Chem cal paraneters and ratings, optional, all can be blank
Lines 6-9: Total Carbon (.0-9.99) Rating I-9

Lines 10-13: Total Phosphorous (.Q0L-,999) Rating 1-9
Lines 14-17: No3g - (.0-9.99) Rating |-9

Lines 18-21: SOy - 2 (.1-99.9) Rating I -9

Lines 22-25. Na* (.1-99.9) Rating |-9

Lines 26-29: K* (.01-9.99) Rating 1-9

Li nes30-33; Cat2 (.1-99.9) Rating |-9

Li nes 34-37: Myt2 (.1-99.9) Rating!l-9

Line 38 Turbidity - NLM H (NI, Low Mderate, High)
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CODE ABBREVI ATI ONS
METHOD OF OBTAI NI NG FI SH ABUNDANCE | NFORMATI ON
Atwo letter code was used to identify the method for obtainin? fish

information. The first letter identifies the Method used to collect the
informtion and the second | etter identifies the Estinmator used.

METHOD ESTTMATOR
1st o 2nd
Letter El ectrofishing Letter
B: Boat el ectrofishing with boom T: Two- pass
M Boat el ectrofishing with nobile P Peterson mark-recapture
anode o I Z|ﬁp|n
S Bank el ectrofishing S Schnabl e mark-recapture
P. Backpack el ectrofi shing C. Catch per unit effort
, N: Total catch
Cbservat i on U Unknown
D. Density

Underwater observation (snorkel)
Above wat er observation

Net s

—_—

\eirs

Tramel net _
Trap-type net wthout |eads
Trap-type net with |eads
Purse seine

Beach seine

Traw _

Vertical gill net
Floating gill net
Sinking gill net

Drift net

Other

Creel ,
droacoustic

Chemi cal

Expl osi ves

Dewat eri ng

Hand capture

Angl i ng

COMLA0O0 Zr o=

> NOMS T
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FLOk! CHARACTERISTICS

— wowrT

Placid - Tranouil, Sluggish
Swirling - Eddies, Roils, Swirls
Rol |ing - Unbroken wave forns nunerous
Broken™- Standi ng waves are broken, rapids, numerous
hydr aul i ¢junps
Tunbl ing - "Cascades, usual |y over |arge boul ders or
rock outcrop
BARRIER TYPES

A Complete barrier to all fish passage
B: Barrier to spawni n? bull's

C Possi bl e barrier toall fish passage
D: Possibl e barrier to spawing bulls

QONF INFMENT

Confinement (R - the degree to which the river channel is limted inits
| ateral movement by terraces or valley walls. The channel is either:

E Ent Entrenched - The streambank is in continuous contact
(coincident with) valley walls.
C Conf Confined - In continuous or repeated contact at the
out si de of major meander bends.
F: Fr Frequently confined by the valley wall.
X Cc Occasional lyconfinedbythe valleywal | .
U Un Unconfined - not touching the valley wall.
\: N A Not applicable (e.g. where novalley wall exists).
Confinement O assification
Entrenched Confi ned
A&
VAV AT A
PATTERN

Pattern (R - The channel pattern for the reach is described in terns of
curvature. The channel. is either:

S. St Straight- Very little curvature within the reach.

N: Sin Sinous - Slight curvature within a belt of [ess than
approxi mtely two channel w dths.
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P It

C ' m
R Rm
T Tm

Irregular - No repeatable pattern.

Irregul ar Meander - Arepeated patternis vaguelh/
presentin the channel plan. The angle between the
channel and the general valley trend is [ess than 90°.

Regul ar Meanders - Characterized by a clearly repeated
pattern.

Tortuous Meanders - Amore or less repeated pattern
characterized by angles greater than 90°.

Typi cal Meander Patterns

Strai ght | rregul ar Meander

egular Meander

w W

I rregul ar

Tort uous Meage

Hi gh
Low
Mder at e
Ni |

BANK PROCESS ( P)
The current fluvial process the bank i s undergoing.

F
S:

Failing - Active erosion and slumping is taking place.

Stabl e - The bank is conposed of rock and has aver¥

hi gh r oot dens!tel or i's otherw se protected irom
erosjon. Artificially stabilized banks shoul d be noted
inthe comments.

Aggrading - Continous sedinment deposition is taking

pl ace, causi n?( the river channle to nmgrate away from
the river bank. Conmon on the inside of neander bends

where it may be acconpanied by the presence of a range
of early to'late seral vegetation.
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BANK FORM

The range of bank forms is arbitrarily separated intc four classes which
reflect the current state of river processes. These are:

F: Flat - The riverbed slopes gently to the bedinning of
rooted vegetation, frequently with overlapping bar
deposits.

R: Repose - The bank is eroded at high water levels, but is

at the angle of r%pose of the unconsolidated material
(usually 34° - 379), '

S: Steep — The bank is rearly vertical, due to
consolidation by cementation, compaction, root
structure, or some other agent.

U: Undercut — The bank has an undercut structure caused by
erosion. When undercut banks are stabilized by _
vegetation this should be indicateé@ in the conments.

SENEIIC MATERIALS (P)

Materials are classified according to their mode of formation., Specific
processes of erosion, transportation, deposition, mass wasting and
weathering produce specific types of materials that are characterized
chiefly by texture and surface expression. = For added detzil, consult 1)
Terrain Classificatior Manval (ELUC -~ Sec. 1976). Subsurfsce layers are
noted in a comment, Descriptive terminolocy:

A: Anthropogenic ~ Man-made or man-modified materials;
including those associated with mineral exploitation and
waste disposal, and excluding archaeclogical sites.

C: Colluvial - Product. of mass wastadge; winerals that have
reached their present position by direct, gravity-
induced movement (i.e. no agent of transportation
involved) . Usually ancular and poorly sorted.

E: ' Eolian ~ Materjals transported and deposited by wind
action. Usually silt or fine sand with thin cross-
bedding, '

F: Fluvial - Materisls traunsported and deposited by strean

and rivers. Usually rourded, sorted into horizonta
layers, and poorly corpacted.

K: Ice - Clacier ice.
Tt Lacustrine - Sedijments that have settled from suspension
in bodies of stunding fresh water or that have

accumtilated . - their margins through wave action. May
be fine textured with repetitive annual layers (varves).
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APPENDI X B

Lengths of hydroacoustic sanple transects,
cross-sectional area of each depth strata covered
br the 10° cone width, and volume of water
sampled hy deE_th strata for hydroacoustic transects

sanpl ed in Libby Reservoir during August, 1984.
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Appendix Bl. Lengths and volumes across 38 hydroacoustic transects in Libby
Reservoir sampled during August 1984.

Acea tengthd Total volume (Area x length) Ly depth interval (m3
Transect: (m) 0-10 10-20 20-30 3040 40-50 50~60 60-70
Tenpile )
area(M°) 8.75 26.25 43,75 61.25 78.75 96.25 113.75
1 2024 177.1 531.3 885.5 1239.7 1593.9 1948,1 2302.3
2 1982 173.4  520.3 867.1 1214.0 1560.8 1907.7 2254.5
3 1966 172.0 S5l6.1 860.1 1214,2 1548.2 1892.3 2236.3
4 2016 176.4 529.2 882.0 1234.8 1587.6 1940.4 2293.2
5 2212 193.5 580.6 967.7 1354.8 1741.9 2129.0 2516.1
6 2358 206,3 619.0 1031.6 1444.2 1856.9 2269.6 2682.2
7 2200 192.5 S577.5 962.5 1347.5 1732.5 2111.5 2502.5
8 2205 192.9 578.8 964,7 1350.6 1736.4 2122,3 2508.2
9 2913 254.9 764.7 1274.4 1784.2 2294.0 2803.8 3313.5
10 1846 161.5 484.6 807.6 1130,7 1453,7 1776.8 2099.8
Peck Gulch
11 1495 130.8 3%92.4 654.1 915,7 1177.3 1438.9 1700.6
12 1768 154.7 464,1 773.5 1082.9 1392.3 1701.7 2011.1
13 1457 127.5 382.5 637.4 B892.4 1147.4 1402.4 1657.3
14 1724 150.8 452.5 754.2 1055.9 1357.6 1659.3 1961.0
15 2180 190.7 572.2 953.7 1335.2 1716,7 2098,2 2479.7
16 1888 165.2 495.6 826.0 1156.4 1486.8 1817.2 2147.6
17 1489 130.3 390.9 651.4 912.0 1172.6 1433.2 1693.7
18 754 66.0 197.9 329.9 461.8 593.8 725.7 857.7
19 1161 101.6 304.8 507.9 711.1 914.3 1117.5 1320.6
20 554 48,5 145.4 242 .4 339.3 436.3 533.2 630,2
Rexford
21 1850 161.9 485.6 809,4 1133,1 1456.9 1780.6 2104.4
22 728 63.7 191.1 318.5 445.9 573.3 700.7 828.1
23 2207 193.1 579,3 965.6 1351.8 1738.0 2124.2 2510.5
24 1518 132.8 398.5 664,1 929.8 1195.4 1461.1 1726.7
25 3056 267.4 802,2 1337.0 1871.8 2406.6 2941.4 3476.2
26 1943 170.0 510.0 850.1 1190,1 1530.1 1870.1 2210.2
27 1947 170.4 511,1 851.8 1192.5 1533.3 1874.0 2214.7
28 1619 141.7 425,0 708.3 991.6 1275.0 1558,3 1841.6
29 3315 290.1 870.2 1450.3 2030.4 2610.6 3190.7 3770.8
30 3441 301.1  903.3 1505.4 2107.6 2709.8 3311.9 3914.1
Canada
31 1023 89,5 268.5 447.6 626.6
32 1159 101.4 304.2 507.1 709.9
13 2541 222.3 667.0 1111,7 1556.4
34 3439 300.9 902,7 1504.6 2106.4
35 909 79.5 238.6 397.7 556.8
36 3661 320.3 961.0 1601.7 2242.4
37 3203 280,23 840.8 1401.3 1961.8
38 2094 183.2 549.7 916.1 1282.6
TOTAIL 76.1 km

Y/ Based on boat speed & time corrected using known distance transects.
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APPENDI X C

Tenperature, pH, dissolved oxygen, and |
conductivity profiles in Libby Reservoir during
1983 and 1984.
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Fi gure Cl1. Tenperature isopleths in Libby Reservoir
in July, August, and OCctober-Novenber,
1984.
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Fi gure C2. Tenperatures neasured at the surface, 15 m and

30 m depths of three areas of Libby Reservoir
during 1983 and 1984.

46



£s

RESEEVQQ FRLF!

(Ben

FT TENMILE o= W& _

RN e,

Pl
LU

[

LBrf

{1334y LINIWILNSHIW 40 NO11BAITS

47

Isopleths of pH measured in the Tenmile area of Libby Reservoir

during 1983 and 1984.

Figure C3.
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Isopleths of specific conductance measured in the Tenmile area of

Libby Reservoir during 1983 and 1984.

Figure C5.
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Isopleths of specific conductance measured in the Rexford area of

Libby Reservoir during 1983 and 1984.

Figure C8.
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1984

283

Isopleths of pH measured in the Canada area of Libby Reservoir

during 1983 and 1984.

Figure C9.
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APPENDI X D

Sumary of tributary habitat survey information
by reach for tributaries surveyed during
1983 and 1984.



Table D1. Summary of tributary habitat survey infgrmation
by reach for East-side tributaries to Libby
Reservoir surveyed during 1983 and 1984.

wlover %)
Reach Drainage Merage Channel Wetted Dyy Spawning
length Stream ar L-Gndient depth width  width ﬁiml
Tributacy Baach _fkml  order. —A__ _ (o) __iml  _{ml Instraaw OverheasV fi- %

Little Jackeon cr, 1 1.0 2 6.7 16.5 - = — - —_— - -
Jackson Cr, 1 3.0 3 2.3 15 1,5 61 15 7 WL 3.3
No. Porkdy/ 1 7.3 3 0.9 17 = = = z et =
So. Porkd 1 3.0 2 4.0 6.5 - - — - —— - -
Barron Cr. 1 6.3 3 2.6 2.6 2.3 6.8 4.5 3 3677 7 4.7

— H 2.9 3 n.? S0 W3 4s 2.2 3 TS 15 2983
Belatow Cr. 1 4.9 3 743 32 W7 96 7.1 54 /6 W 1.3
— 2 s 3 1.7 5.2 W T.6 X ) n M N 12.6
M. Fork 1 1.7 2 2.7 S0 109 S 33 35 /% 30 29,3
So. Fork 1 1.0 2 1.4 .0 150 5.0 33 S 60/63 1 2.3
Ueal cr, B/ 1 2.2 2 0.8 6.2 - - — - — - -
— 2 L8 2 2.3 1.2 - = = - -
Geibler cr.B/ 1 2.0 2 1y 184 - - — - —_— - -
Pacsng cr. 1 2.7 3 8.0 1.6 205 9.7 6.2 56 wn  on 5%
] 2.7 3 18,1 8.7 - — = = —_— - -
Midle Fop o 1 3.1 3 3.8 9.6 B — —_ - —_— - -
Mo. Pork 1 34 2 3.6 16.3 - - —_ - —_— - -
Blg Cr. 1 13 4 1.0 158 7. 2,2 156 u 19718 40 5.2
Steep Cr. 1 1.6 2 19.0 4 105 5.9 3.0 a 17765 43 59.%
Good Cr, 1 5.0 2 0.8 62 1§ 1.1 6.2 " 19/59 46 5.4
Mo, Pork 1 5.2 3 18,5 KR N 5.1 s 060 33 106.0
— 2 ) 3 1.3 45 1.2 s o 10 /4L 25 6.5
50, Fork 1 1.0 4 #6.2 24 3901 161 120 “ wn a7 54.3
—_ 2 121 4 33.9 6.9 4.6 117 1o n 1519 3 23
brop cr. 1 .0 3 0.8 56 239 102 17 55 58/55 29 153,38
East Branch 1 5.4 3 3.9 2.2 N4 68 5.2 a9 5134 219 114
— 2 a1 2 3.3 21 U5 9.0 .5 2 /15 W 4.
West Branch 1 4.0 3 1.6 1.2 W4 6. 4.5 3 2/3 19 26.1
Boulder cr.b/ 1 1.8 ] 9.7 12.) - - — - —— - -
— (4 2 a8 3 19.7 4.2 - - — - _— - -
Sullivan Cr. 1 5.2 3 5.1 7.6 a4 6 TR a 17/60 38 a1
Poverty Cr.b/ 1 1.9 2 14 74 B — — - —_ - -
—_ B 2 3.1 2 3.5 1.0 - - —_ - _ - -
bodge cr. 1 L5 ] 2.1 2.9 22,9 10,0 ' n W9 1L a6LB
— 2 3.4 3 4 3.0 305 7.1 5.9 2 a6 13 819
—_ 3 2.3 3 6.5 &5 192 s 4.0 20 1% 3 69,9
—_ 1 16 3 13 69 242 6.1 26 n v 2 51,8
So. Pork B/ 1 1.0 2 5.6 12.6 — — — —_—— - -
No. Pork 1 2.4 2 6.7 10,0 158 2.6 2.0 13 1B/4 20 174
Yowg Cr. 1 1.3 1 1.6 2.5 1.1 128 6.0 1 32 150.6
— 2 1.6 4 5.1 1.8 208 5.7 47 a /el 21 .2
—_— Ja 2.8 4 15.6 1.0 8.0 4.7 4.3 B 8/9 17 437.8
— 3 2.9 N 6.6 Le w97 5.7 Y29 11 ssala
— 1 5.8 H 216 42 24 9 53 6 WIE 29 6.9
—_ 5 31 4 17.8 8.2 192 7.8 4 7 17/ 3 52.5
S0. Fork 1 2.3 k] 16.3 a3 168.6 3.8 3.3 9 14/85% 3o 4.5

LY First mmbor is percent of streambank with owerhead cover less than or equal to 1 m above the water's surface/and the
second number s the percent of strembank with overhead cover further than 1 m above the water's surface,

b Cursory survey jdentified reach as having limited fish production potential,
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Tabl e D2. Sunmary of tributary habitat survey information by reach for West-
side tributaries to Libby Reservoir surveyed during 1983 and 1984.

Reach Drainage Average Channel Dgg Spawning
Length Stream Ar Gradient Depth width Width Grav,
Tributary Beach _ikm) _Qrder ) — % —_fem) . __(m)  _ (m) Iostream Overhead .{cm)
Tobacco
Pinkham Ce.t 1 8.7 4 33,0 1.9
sutton ceAY 1 4.2 4 5.0
— 2 3.6 3 12.0 8.5
— 3 3.0 3 4.3
Flat Cr. 1 4.8 2 22.5 12.2
McGuire Cr. 1l 8.2 4 33.9 8.4 0.7 10.5 5.7 52 41/76 64 34
Tenmile Cz. 1 3.0 3 11.5 7.1 21.9 10.6 7.9 17 24/51 66 8.8
Pivemile Cr. 1 3 38.0 1.1 25.8 7.0 5.4 30 25/65 15 584.3
—_— 2 13.0 3 1.1 5.1
8o0. Fork 1 2.0 2 28.2 11,5 8.5 5.0 2.7 41 24/67 39 13.3
Warland Cr. 1 7.6 2 19.4 3.9 12.0 5.9 i3 70 43/76 41 41.2
Cripple Horse Cr. 1 3.6 4 4.0 5.7 67 24/58 55 183.8
— 2 11.7 4 50.9 3.0 19,0 10.0 6.3 60 19/43 48 M.6
So. Fork® 1 3.0 4 4.7 4.0 -  — — - - —_—
Canyon Cr, 1 6.4 4 2141 4.0 3.5 49 35/66 35 109.8
— 2 2.5 4 20,9 ;g 19.9% 16.5 3.9 19 25/47 58 36.3
o, Fork & 1 1.3 4 8.5 37— e —_ - S —

a/ First number is percent of streambank with overhead cover less or equal to 1 m above the water's surface/ and the second
mmber is the percent of streambank with overhead cover further than 1 m above the water's surface.

b/ these streams will be surveyed during 1985,
£/ Cursory sucvey identified reach as having limited fish production potential.



APPENDI X E

Near - shore floating and sinking gill net catches
(nunber of fish per net night) by species in the
three areas of Libby Reservoir during 1983 and 1984.
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Table E3. Floating gill net catches (# fish/net) in the Canada area of Libby Reservoir by

date.

Total

Salmo
Date {n) RB WCT HB ap. KK IN MF M NSQ RSS CSU FsU
July 28, 1983 (10) 1.4 0.6 — 20 —— — —— 324 4.8 -— 7.3 —
Ang, 18, 1983 (14) o0l —_—— 0.4 0 — — 17.1 0.6 0.9 4.4 —
Sept. 22, 1983 (14) X1 0.6 0.3 25 0.2 — 0.2 21.4 4.6 0.3 1.6 —
Oct, 20, 1983 (14) 1.7 1.7 1.8 5.2 0.2 0.2 0.3 0.8 1.0 ~— 2.0 —
Nov., 16, 1983 (8) 3.1 3.9 1l.6 a6 05 -— 0.6 0.6 0,6 — 3.5 —

Dec. 1983 FRZEN ' OR DEWATERED
THROOUGH JUNE

Aug. 16, 1984 (28) 0.3° — 0.1 0.4 0.1 30.4 8.2 0.5 2.2 <0.1
Sept, 22, 1984 (14) 2.0 1.5 1.8 5.3 19.3 0.2 0.3 18.6 2.6 0.3 0.4 —
2.1 2.1 1.3 5.5 5.6 0.2 0.3 1.4 0.4 3.3 —

Nov. 14, 1984 (20)




TableE4. Sinking gill net catches (# fish/net) in the Tennile area of Libby Reservoir by

date.
Total
Salmo
Date (n) RB WCr HB sp. KOK DV Ling MWF PM NSQ RSS CSU FSU
July 25, 1983 () 1.0 - -- 10 - - 1.0 7.5 18.0 6.5 1.0 8.0 3.5
Aug. 15, 1983 (2) 55 0.50.5 6.5 — — -— 4,5 7.5 1,0 0.5 19.5 3.0
SEPI- 19, 1983 (2) 50 0.5 = 5.5 _ — 3.0 50,5 20.0 2.0 30.5 -
Qt. 17, 1983 (2) 1.5 =— =— 1.5 -— 0.5 1.0 40 135 11.0 ~-- 17.5 - -
Nov. 14, 1983 () 1.0 =— — 1.0 — 1.0 0.5 — 340 60 - 8.0 -
Dec. 19, 1983 (1) 1.0 1.0 -- 2.0 — — 3.0 190 9.0 - 6.0 - -
Jan. 16, 1984 () 1.5 - 0.5 2,0 — 0.5 0.5 2.0 4.5 0.5 1.5 15
Feb. 21, 1984 (2) 2,0 ~— -— 2.0 -— 0,5 3.0 2.0 2.0 ~— 50 0.5
March 18, 1984 (2 1.0 — 0.5 1.5 — 1.5 - 1.0 5.0 2.0 - 8.0 10
. {2 05 — — 0.5 - - 4.0 -
April.?3, 1984 (2) _— 0 =05 L1003 < 4 s 1y 1.5 10.5 1.5
Jupe214, 19884 (2) 0.5 - - 05 — 0 ~— — 460 35 0.5 16.5 10.0
August 13, 1984 (4 0.7 - - 0.7 - 02 05 20 190 32 — 9.51.2
Nov. 7, 1984 (4 05 - -- 0.5 0.5 1.0 1.0 1.0 120 27 -~ 6.3 1.0
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Table E5. Sinking gill net catches (# fish/net) inthe Rexford area of Libby Reservoir by

dat e.
Tot al
Sal mo
Dat e (n) RB WCT HB sp. KK DV Ling MAF PM NSQ RSS CSU FsuU

July 26, 1983 2 2.0 - 1.0 3.0 -- 1.0 0.5 1.0 265 4.5 -— 11.0 1.5
Aug. 16, 1983 22 3.0 -- 0.5 3.5 - - - - — 240 1.5 - 255 0.5
Sept. 20, 1983 ) -- -- 1.0 1.0 0.5 0.5 - - 3.5 575 9.0 1.0 245 1.5
Cct. 18, 1983 ) 2.5 - - 2.5 --- 1.0 6.0 55.5 8.5 13.0 0.5
Nov. 15, 1983 é% 1.0 0.5 1.0 2.5 - 1.0 - - 0.5 50.0 14.0 -- 6.5 0.5
Dec. | CE COVER
Feb. 2, 1983 2 3.0 1.0 1.5 5.5 - 1.0 1.0 55 20 - 3.5 0.5
Feb. 23, 1983 2) 4.0 - 3.0 7.0 - 2.5 0.5 9.0 65 0.5 -- 55 1.0
March 21, 1983 (2) 1.5 — - 7.0 - 1.5 - 14:0 17.0 3.0 - 11.5 1.0
April 24, 1984 (2) 1.5 0.5 - 2.0 3.0 3.0 1.0 19.0 32,5 7.5 1.0 10.0 -
May 23; 1984 2) 45 2.0 9.5 16.0 - 2.5 1.5 50 2000 2.0 0.5 6.0 0.5
June 12, 1984 (200 2.5 0.1 0.6 3.2 - 1.8 0.4 2.9 59.2 8.0 2.5 63.2 5.6
Aug. 14, 1984 (4 1.0 0.7 - 1.7 0.5 0.2 - 2.0 32.7 6.2 0.2 56 1.2
Nov. 12, 1984 (4 1.7 - 0.3 2.0 -1.7 - 1.5 43.3 3.50.2 7.0 -




Tabl e E6. Sinking gill net catches (# fish/net) in the Canada area of Libby Reservoir by

date.
Tot al
Sal mo
Dat e (n) RB WT HB sp. KK DV Ling MF PM NSQ RSS CSU FSJ

July 28, 1983 (2) -- -- -- 0 -- 0.5 0.5 9.5 1.0 7.5 -
Aug. 18, 1983 2) 1.0 1.0 -- 2.0 -- -- 2.0 9.5 55 0.5 19.5 0.5
Sept. 22, 1983 ) 0.5 - 0.5 1.0 1.5 0.5 -- 7.0 17.5 3.5 0.5 125 1.0
Cct. 20, 1983 2 1.5 - 1.0 2.5 0.5 0.5 - 5.5 25 3.0 0.5 80 0.5
Nov. 16, 1983 2 2.0 - - 2.5 -- 1.5 11.5 50 2.0 1.5 -
Dec. CE
Aug. 16, 1984 4) 0.5 0.5 1.0 1.5 0.5 4.0 13.2 2.7 0.2 1.2
Nov. 14, 1984 (4 0.5 1.0 0.7 2.2 1.5 0.3 11.3 0.7 1.0 1.7 0.3




APPENDI X F

Annual catches (number of fish per net night) of
fish in floating gill nets set during the fall and

sinking gill nets set during the spring in Libb
Reservo(igrg 1975-1984. . Pring y



Table Fl. Average catch per net night in floating gill nets set during the
fall 1nthe Tenmle and Rexford areas of  Libby Reservoir in 1975,
1976, 1978, 1979, 1980, 1982, and 1984. @

Year

Par amet er 1975 1976 1978 1979 1980 1982 1983 1984 1977

Surface range
tenperature(°C) 16.1 17.2 15.6 16.7 15.6 16.7 16.3 15.6

Nunber of nets 129 91 78 73 79 70 24 28 24

Aver age catch oo
RB 28 3.6 6.3 4948 2.41.9 15 3.5
WCT 2.0 25 20 1.41.2 1.20.7 0.7 0.4
RBxWTc/ 00 00 01 <0.1<01 <0.1 1.6 0.4
Total Salmo 4.8 6.1 84 6.3 6.0 3.6 4.2 2.6
NI 20 23 12 14 06 1.00.4 0.8
CRC 40 42 30 6.58.8 151 12.6 110
Sg 4,2 47 42 2.11.9 35 1.9 1.3
RSS 33 1.9 7.3 2.0 0.5 0.2 0.7 0.2
DV Ol «Ql <0l 0.1 0.2 <0.1 0.0 01
CsU 1.9 24 09 1.1 1.2 1.2 0.4 0.2
KOK 0.0 00 00 0.20.07.10.386.5
Tot al 20.2 27.6 25.0 19.7 19.2 31.7 20.5 22.7

&/ Catches prior to 1983 reported by Huston et al. (1984)
Ly Abbreviations explained in "Mthods" section under "Fish Abundance..."

</ Prior to 1983 very few hybrids were identified as such, although they
were probably present in the sanples.
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Table F2. Average catch per net night in sinking gill nets set
duringtheSuring inthe Rexford area of Libby
Reservoi r in 1975, 1976, 1978, 1980, 1982, and 1984.3/
Year
Par anet er 1975 1976 1978 1980 1982 1984
Sur f ace tenpertaure (°c) 12.8 12.2 11.1 11.1 11.7 12.7
Nunber of nets 111 41 41 38 36 20
Aver age catch of 1/
5 o5 %3 b 8 b &
cr 0.2 0.4 , . , <
RB x WCTS 0.0 0.0 0.6
NI 6.6 6.4 0.2 00 <@.1 2.9
& 0.3 10 07 7.2 243 59,2
NSQ 2.3, 1,2 5.8 2.8 4.3 8.0
RSS 4 1.4 2.8 0.7 1.9 2.5
DV 1.4 1.9 2,2 0.8 1.5 1.8
LI NG <0.1 0.2 0.3 0.6 0.5 0.4
CsU 37.3 26.1 23.5 36.3 18.6 6312
FSU 7.9 11.1 9.1 58 10.9 5.6
YP 0.0 00 0.0 0.0 0.2
Tot al 56.8 50.0 53.4 56.1 66.0 147.5

a/ Catches prior to 1984 reported by Histonet al. (1984)
B/ ppbrevi ations expl ai ned i n "Mt hods".

</ Prior to 1984 very few hybrids were identified as such,
al t hough t heywer epr obabl ypresent in the sanpl es

&/ Nunbers of redside shinres were not recordedin 1975,
al t hough several hundred were caught
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APPENDO X G

Vertical distributions of fish and zoopl ankton
conpared to tenperature profiles and euphotic
zone depths by date in two areas of Libby
Reservoir during 1983 and 1984.



99

Tenmile - 10/31/83

12

P_.

DEPTH (m)
I,
o

™
(9]

30

35

40

VERTICAL GILL NET CATCH

RB

WCT RBxXxWCT DV KOK MWF

| Y )

1 5 6 7 8 9 10 11 12 13 14 15

Temp °cy



L9

DEPTHE {(m)

[
N

[EEN
(@a]

]
(]

N
(&) ]

(9]
o

35

40

45

Tenmile - 12/5/83
RB WCT

1 No/1l 2

i 51 P

-L Euphotic Zone Depth

RBXCT
1

DV
1

VERTICAL GILL NET CATCH

KOK

N~ PR ey

Ao

(T ST T W

MWF

56 7 8 10 11 12 13 14 15
eMP (°0)



89

= -
n (N}

DEPTH (m)
N
o

30

35

40

45

Tenmile - 1/6/84

VERTICAL GILL NET CATCH

TEMP (°C)

RB WCT RBxWCT DV KOK MWF
1
1 1
2
] 1
1
,] 1
1
3
3
2
i
L |
3
!
i
2
3
] _i
}
H
L |
1 No/1 2 3
' 1
e ;
i
.l. Euphotic Zone Depth i
1 23 456 7 8 9 011



69

DEPTH (m)

12

15

20

25

30

35

40

Tenmile - 1/30/84

Iy l .
1 Nos1 2 3*

e 1

.L Euphotic Zone Depth

N e b e

VERTICAL GILL NET CATCH
WCT RBxWCT Dv KOK

s N
W

.
N NGO Uy B e

W R Mk
ra

[

P e el Bl e by

-

MWF

1 2 3 45 6 7 8 9101

TEMP

OC)



VERTICAL GILL NET CATCH
RB WCT oBxWCT Dv KOK

Tenmile - 3/5/84

0L

DEPTH (m)

L¢7]

[#%)

h

fe}

12

15

20

25

30

35

40

45

i
2
Z
2
2
4
6
3
!
1 2
1
3
}
H
1
i
1 No/l 2 3
[ e
| -

i

2 3 4 5 6 7 8 9 1011
TEMP (°0)



L

(m)

DEPTH

12

15

20

25

30

35

40

45

Tenmile - 4/3/84

]3.20

I l L

e B

_L Euphotic Zone Depth

RB

11
1

VERTICAL GILL NET CATCH

WCT RBXWCT DV
1

KOK

abars PO e dPararOo R TILA Ge Al

freprT™

MWE

12

3 456 7 891011
TEMP (°c)



¢l
DEPTH (m)

Tenmile - 5/8/84 VERTICAL GILL NET CATCH

RB WCT RBxWCT DV KOK MWF

1

I 1.5 7 2 3 1
3z

6L 1 f

10

3

3

2

2

i

1

No/1 4 5

_I_ Euphotic Zone Depth

1 2 3 456 7 8 91011
TEMP (°C)



(m)

€L

DEPTH

35

40

45

2 No/1 4
i 231

-L Euphotic Zone Denth

o

Tennile - 6/7/84

194

RB

VERTICAL GILL NET CATCH

WCT RBxWCT DV  KOK
2

[ oo T Y

MWF

4L 3 4

5 6 7 8 9 10 11
TEMP (°0)



VERTICAL GILL NET CATCH
RB WCT HB ov KOK MWre

Tenmile - 7/2/84

VL

DEPTH {m)

S |
2]
3 S - 2
1
...J-o. 14
9 P j12.0 3
1
12
4
15 2
20 2
1
25 1
21
30 1
. L . L ]
15 4 No/1 8 12
i 1)
40
_L.Euphotic Zone Depth 1

3 4 5 6 7 8 9 10111213

TEMP

o

C)



SL

DEPTH {m)

12

15

20

25

30

35

40

45

| —
B
T
S
e

1 No/1l 2

o 5 MU~

_I_Euphotic Zone Depth

Rexford - 11/1/83

VERTI CAL G LL NET CATCH
RB WCT RBxCT DV KOK MWF

5

6

7

a 9
Termp.

10 11 12 13 14 15
(<



9L

DEPTH {(m)

15

20

Rexford - 12/8/84
RB

40

1 No/i

Ko BAA

a—

VERTICAL GILL NET CATCH
WCT RBxWCT DV KOK

(ST |

Fapeka N

-I- Euphoti¢ Zone Denth

MWF

5 6 7 8 9 101112131415

TEMP (°C)



LL

DEPTH (m)

W

12

15

20

25

o

35

40

45

Rexford - 1/9/84

commm—

1 N
o
_l_ Euphotic

1 L
No/1! 3

Wosh

fie Depth

RB

NN

VERTICAL GILL NET
WCT RBxWCT DV
1

i
1

CATCH
KOK

PARe RIS N ha POTOR Qb e O g T PN 00 s W kA

MWF

1 23 456 7 8 9101

TEMP (°C)



8L

DEPTH (m)

35

40

45

Rexford - 2/2/84

RB WCT RBxWCT

1 11 2
2t g
1, 3 1
1 1
1

1
1
1

:::Emm“

.L Euphotic Zone Depth

bDv

VERTICAL GILL NET CATCH

KOK

raa N A a

g N NRMURG g B PO I A O O O
(%9

MWFE

1 2 3 456 7 8

TEMP (<C)



6L

DEPTH (m)

Rexford - 4/4/84

VERTI CAL G LL NET CATCH

RB Wi‘,T RBxWCT D V KCOK MWF
S 1 1 22 Zl
/ . 31
3 - i:s 2
52 1
. 1 i
6 = 17.16 3 1
2
9 1i2.3 3
1 1
12! 2
15 ) %
11
20 2
2
1
25 .
30 1
) 1 [
Z. No/i 4 3
35
e £/
40
_ _L Euphotic Zone Depth
45 2 3 4 5 6 7 a 91011

TEMP (°c)



08

DEPTH (m)

band
[\ ]

-
u

28]
o

3]
u

30

35

49

45

—

2 ] A I

et

J_ Euphotic Zone Depth

[ ¥

Rexford - 3/6/84
RB

1.72

VERTI CAL G LL NET CATCH

WCT RBxWCT Dv KOK

2 1
1 % 8
1 103
2
1 121
3 3
3
1 63
Ty
3
3
2
1
}1
1
2
2
1
2
1

MAF

2 3 45 6 7 a
TEMP (°c)

9 1011



I3

Rexford - 5/10/84
RB
S 1
|
.11

5 OO -té’].]‘][.[.[Lyf

I I
- 1111

1

6

30

) ==

_L Euphotic Zone Depth

VERTICAL GILL NET CATCH

WCT RBXWCT
1

DV

| LS YT Y

KOK
b
21

5
12‘

10
154
10

10
u

Gkt oo W N “Muun‘.““‘“

MWF

| 2 3 456 7 89 01
TEMP (°C)



Rexford - 6/5/84 VERTI CAL G LL NET CATCH

RB WCT RBxXWCT DV KOK MW:

w

o

(m)

8

DEPTH

1 3
) 1 1
2 P2 1 33
'2
7 36.08 1 5
1 52
12
i 16.90 ';2 1
,1
512
-I-IIIIZEII: - 18.40 41
1:2
o 17.76 7
11
11
) 3
2
{2
;{
. 34
2
] 4'"
11
i
i1
] | 1
2 No/l1l 4 & i

i 20 1R

_I_ Euphotic Zone Depth

1 4 5 67 a 9 10111213
TEMP (°C)



£8

(m)

DEPTH

canada - 7/5/84

2 3 4 5

o

.J. Euphotic Zone Depth

9 10 111213141516 17 18 19
teMp (°C)



78]

DEPTH m)

[EEN
N

[ERY
(6}

N
o

N
w

Imln

I ¢.65

= 1
m—d—
=1

1 N 1 A
No/l 4 5

E SRS

.I_ Euphotic zone Depth

Canada - 9/8/83

a 9 10 11 121314151617

*eMp (°C)

| a



a8

DEPTH {m)

=
b

=Y
o

L L

Canada - 10/°

e

.L Euphotic Zone Depth

W e

No/1

it

¥ R — y iy p iy
6 7 8 9 10111213141516
TEMP (°C)



98

DEP TH(m)

12

[EEN
ol

Canada - 11/3/83

4 5 6 7 a
No/1l

o BPGIR

.L Buphotic Zone Depth

3 4 5 6 7 a 9 10111213
TEMP (Cx)



APPENO X H

Ti m n? of juvenile and adult novenent through traps
ocated in Bristow, Big, Young, Fivenile,
and Fortine creeks during 1984
and tag return information for
1983 and 1984.



a [  wesTsLope cuTTHROAT TROUT]]
. RaiNsow TrouT |
RBXWCT HYBRIOY]
i I
4
Hm p
7 1
‘R’
"
241 4
1 A
1 U U
‘N
1 N
2 'R’
Ay
% 147
; 3 » T = =
JUNE Ly
254
b Ly
3
204 0 WESTSLOPE CUTTHROAT TROUT[]
- Raveow TRouTfj
RBXWCT HYBRID]
1 i
154
.
10+ M
51
/
: z
7
» T3 T Ty f 3 TrTe

2 TT 57
JUNE JuLy

Figure H. Timng of adult (top) and juvenile (botton)trout
novenent downstream through a trap |ocated

in Bristow Creek during 1984.

87



14

WESTSLOPE CUTTHROAT TROUT{]
127 ransow Trout |
1 RE s weT HvBrIDE]
10
a -
& -
4 -
2 -4
!

JUNE J ARy

120

110 - s

‘\g\

100 <17 _
WESTSLOPE CUTTHROAT TROUT[]

raingow TROUT]]
— RB 1 wCT HysRiof]

B e e

Ly Ny

10 -1
zointzilz: EERECLEC L] 21 3v s 7 atelwliwn AR AT R SRR ET] 4
R IREELELLE?

Figure H. Timng of adult (top) and juvenile (bottom
trout novement downstream through a trap
located in Big Creek during 1984.

88



NO. OF FISH

35~
30~
25 -
20
15 ~
10 -
s-

10
5 -

L” 1

[JwesTsLOPE CUTTHROAT
§ ramsow TROUT
RBXWCT HYBRID

UPSTREAM TRAP

.

14

% 17 18 19 20° 2

Figure H3.

22123 2425 26127 > 2930'm 2 3 - 5 6 7 8 % WM 121341516 W 1819 O 22 23724725726
MAY JUNE

Timing of adult trout movement upstream and
trap located in Young Creek during 1984.

290 T 23— s'6—res—o—w

JNU

JULY



“} [ wesrswore cutTHAGAT TROUT

» I aanmow oyt
1 B neawet wamo
n4
2
1

MRBEROF FIEH
3 ¥
L

o

wie'w'n .nlu ala .
AP MAY SUNE
-y
[
»]
2 |
28 -

ePrlatetslnTu b ululn winl wim'n 22y n a7 20’ '20] 1 ala¥s%e"1%e

JUNE

dwww .

£ 3

NUMBER OF F15H
]

— "
o

o] I

f A fp i 8 i ﬂj a
LY M 'n'al;i;-'u""aﬂn'u‘."'-m 4'?.1 '-'u'an,"- \‘“?%n‘n_"a'n'uhu-"l k] E

Ay AUGUST SEFTEMBAR ocTosEn R
Figure H&.  Timing of juvenile trout novenent

downstream through a trap |ocated
in Young Creek during 1984.

90



16

NUMBEROF FISH
i

FIVEMILE CREEK

[JwesTsLOPE CUTTHROAT TROUT
[ ramsow TROUT
frexweT HYBRID

n 'ulzs'ze 27

o RN 2 4

NO.OF FISH

34
24
1

1912

[] WeSTSLOPE CUTTHROAT TROUT
[ ratnBOW TROUT
RBXWCT HYBRID

zalzs'ze arsle'r'a's,,o'n 2'olu's'e' v’

JUNE JULY

n 2y

Figure H5. Timing of adult (top) and juvenile (bottom) trout movement

downstream through a trap located in Fivemile Creek during
1984.



Fi gure Ho6.

NG

FORTINE CREEK

20 ~
19= DWESTSLOPE CUTTHROAT TROUT

[ rRanBOW TROUT

18~
RB XWCT HYBRID

17~

15~
-
13-
12-
-
104 -

S
? -
5=
5

3 -
2

] -

10202122”242528'

7 28y 10 2
JuLY AUGUST

Timng of juvenile trout novenent
downstream through a trap |ocated
in Fortine Creek during 1984.

92



Table H. Tag return infomation for adult trout tagged in
Li bby Reservoir and its tributaries during 1983

and 1984.
i Tagging Information Baturn Information .
Location
Tagged Tagt Date sp L W oDate 1 W Location®’
Eish_Trap
Young Creek: 2494 06/15/83 WCT 407 S44 11/05/B3 381 680 Black Lake Bay (LK)
2433 06/15/83 WCT 398 S26 07/04/m1 Big Creek
2499 06/15/83 wWor 401 S26 10/—/83 No location
2554 06/06/83 WCT 372 456 08/26/83 330 526 Mouth of Tobacco R. (LK)
2563 06/07/83 WCT 425 =— 09/24/8) 406 454 Mouth of Barren CK. (LK)
2598 06/10/83 WCT 397 544 07/03/83 356 Mouth ofElk R. (LK}
2780 06/17/83 WCT 370 B16 09/23/83 394 567 Westbank Tenmile (IX)
2790 06/18/83 wCT' 375 517 08/11/83 Lower Elk River, B.C.
2795 06/19/83 WCT 195 535 09/—/83 406 317 Peck Gulch (LK)
3438 06/25/83 wCr 380 536 08/10/83 440 963 E.P. Tobacco Bay (LX)
3448 06/28/83 WCT 305 249 11/16/83 Warland area (LX)
3460 06/29/83 WCT 395 526 09/30/83 395 680 Koocanusa Bridge (LX)
3807 07/02/83 wWCT 380 425 10/22/83 381 680 Sutton Craek Bay ( b/
3439 06/23/83 WCT 391 580 05/22/84 391 473 So. Pt. Bristow (LK)
4094 06/14/84 wCT 2392 530 06/18/84 381 No Location
4068 06/16/84 WCT 402 621 06/16/84 393 567 Peck Gulch (LK)
2584 06/08/83 HB 417 448 04/29/84 445 907 Mouth of Young Ck. (LK)
2593 06/09/83 woT 380 47 04/29/84 1356 No location
3450 06/29/83 wcT 405 522 04/29/84 356 No location
4058 06/08/84 wor 3BL 544 06/16/84 406 Above Sutton Ck. (LK)
4185 07/02/84 332 517 07/06/84 Mouth Yoaung Ck. (LK}
4127 06/15/84 wCT 396 635 06/20/B4 406 Murray Bay (LK)
3815 07/14/83 WCT 365 403 05/01/84 355 Tobacco Bay (LK
4043 06/07/84 WCT 410 581 WWM 406 907 No location
5867 07/16/84 wWCT 359 356 Mouth Young Ck. (LK)
2575 06/07/83 WCT 395 550+ 07/11/84 3a1 Fivemile Ck. (LK)
4021 06/05/84 WCT 407 06/17/84 406 East side of Dmm (LK)
4066 05/09/84 WCT 407 516 06/13/84 356 454 Rexford area (LK)
2783 06/16/83 WCT 406 521 06/22/B4 406 793 Fivemile Creek
3426 06/21/83 wWCT 376 481 08/09/84 431 By Libby Dam (LK)
3198 06/16/84 wCT 410 598 08/13/84 406 In front of Dem (1K)
2594 06/09/83 wWCT 387 512 09/—/84 No location
4012 06/04/84 wor 371 571 09/—/84 No location
4182 07/18/84 wCT 382 544 09/08/84 356 Above dam east (LK)
5856 07/05/84 wCT 380 490 09/07/84 406 907 10 miles below Rex (LK)
Big Creek: 4310 07/06/84 WCT 406 520 07/07/84 416 793 Peck Gulch (LK}
4299 07/21/84 HB 450 550 07/22/84 431 Left side by dam (LK)
5527 06/28/84 wWCT 390 586 09/09/84 381 454 2 Mi. 5. Peck Gulch (LK)
4342 07/19/B4 WCT 362 444 09/08/84 356 East above dam (LK)
4346 07/19/84 ws 352 550 09/23/84 Mouth Barren (LK)
Five Miler 5409 06/19/84 wCT 377 455 07/13/84 1/2 mi. No. Dam (LK}
5544 07/05/84 404 488 07/12/84 Wesstshore Dam (1K)
3488 06/19, WCT 395 424 07/26/84 Mo location
5524 D06/27/84 RB 405 430 07/19/84 381 Peck campground (LK)
5539 07/02/84 BB 359 339 07/19/84 317 Kootenai River
8560 07/11/84 mB 401 415 07/11/84 406 West shore above Dam (LK)
5546 07/06/B4 WCT 357 351 11/16/84 304 2 mi. So. Bridae (LK}
Pinkham: 4224 07/18/84 RB 365 410 08/04/84 279 Mouth of Pinkham Ck. (LK)
4226 07/18/84 WCT 378 402 08/04/84 279 Mauth of Pinkham Ck. (LK)
4216 07/02/84 WCT 352 412 11/30/84 406 Footenal River below dam



— Tagging Informtion Retuxn joformation |
Location
Tagged Tagé Date Sp L W Date L Wt Location
Bristow: 5500 06/19/84 wWCT 380 500 07/03/84 368 Mouth of Canyon Ck. (LK}
Puree Seing
Tenmile Ared
Sutton Creek 5461 05/04/84 RB 302 315 08/—/84 | 425 Cmada area (LK)
2¢ 2601 11/28/83 WCT 308 278 12/01/83 Mouth of Warland Ck. (LK}
Bexford Area
§. Border Buoy 5197 04/10/84 BB 340 417 04728/841 343 227 Koocanusa Bridge (LK}
Young Cr. Bay: 5159 03/29/84 WCT 405 '3 06/03/84 406 Above bridge (LX)
5161 03/29/84 HB 313 349 06/11/84 i 406 Rexford boat ramp (1K)
$155 03/29/84 RB 308 313 06/05/34 311 340 FKoocanusa
5132 03/29/84 rB 432 694 (7/04/84 Gold Creek
5163 03/29/8B4 HB 357 481 0&/13/ 406 793Near Dam (LK)
5160 03/29/84 wCr 358 441 06/10/B4 330 340 Canyon Creek
So. Pt. Young: 5112 03/29/84 wCT 310 331 06/16/84 330 Above Souse Gulch (LK)
5120 03/29/84 BB 348 440 09/—/84 No location
5116 03/29/84 woT 262 626 07/12/84 No location
Far 5o. Tobacco: 5177 03/30/84 WCT 304 290 05/27/84 304 Rextord Point: (LK}
S174 03/30/84 wCT 387 608 08/11/84 393 1134 5 mi. N. Elk River (&5)
S0. Murray Spg. 5071 03/28/84 RB 339 653 04/24/84 357 653 N, pt. Fivenile (LK)
N.N.Pt. Tobaccot 5045 03/28/B4 R8s 417 712 0A/09/84 i 432 .hcg; above dam (LE)
5188 04/09/84 HB 337 432 04/03/83 468 mm; :ldgee (LX)
5065 03/28/84 WCT 316 362 08/27/84 432 680
S061 03/28/84 WCT 206 249 10/01/84 Huuth of Wi.gum, B.C.
5055 03/26/84 WCT 403 667 05/15/84 432 Behind Tam (LX)
5051 03/28/84 WCT 387 607 04/15/84 406 Near Bridge (LK}
5186 04/09/84 wCT 338 431 05/02/84 330 680 Tenmile area (LK)
5411 05/01/84 RB 332 386 06/14/84 330 340 Btwn Marina & Warland (LK)
5262 04/13/84 WCT 334 335 06/11/84 330 453 Behind dam (LK)
Tobacco Bay: 5001 03/26/84 RB 353 S44 06/20/84 330 Mouth of Boulder Ck. (LK)
5254 04/12/B4 B 325 367 06/—/84 330 Mouth of Pinkham Ck. (LK)
5003 03/26/84 WCT 398 689 05/27/84 386 Tobacco River
S440 05/02/84 HB 352 490 06/14/84 No location
5078 03/28/84 RB 420 816 06/23/84 1355 793 Mouth of Pinkham Ck, (LK}
5438 05/02/84 WOT 319 353 05/27/84 680 No location
s08% 03/28/84 RB 386 608 04/20/84 368 567 Rexford area (LK)
5004 03/26/84 HB 401 734 07/01/84 406 793 Mouth of Parenip Ck. (LK)
Far So. Tobacco 5180 03/30/84 wCT 418 721 05/25/8B4 470 Bristow Ck.
Bulilvan Creek: 5228 04/14/84 WCT 398 671 05/22/84 409 640 s. pt. Tenmile ck. (LR
5232 04/12/84 KB Al6 762 06/15/84 413 T16 N. pt. Fivemile ck. (L)Y
5227 04/12/84 WCT 2080 245 09/13/84 330 453 z-u. S. Peck Gulch (LK)
5021 03/27/84 RB 430 T03 08/—/84 425 Canada area (LK}
022 03/27/84 RB 335 403 11/07/84 330 Koocanusa
Poverty Creek: 5210 04/12/84 wWCT 302 317 06/22/84 318 west above dam (LX)
5218 04/12/84 HB 447 839 05/08/84 431 Koocanusa East (LK}



Table . Contimed

Return Information ===

Location
Tagged Tagh Date Sp L Wt Date L W Location
Electrofish
Mouth Elk: 5365 O04/19/84 DV 541 1415 08/30/84 558 1588 Wigwam River

5363 04/19/84 WCr 310 312 0B/31/84 374 680 Wigwam River

5368 04/19/34 WCT 338 367 08/10/84 304 E1k Dem, Elk River
Kikomm: 5332 04/17/84 RB 376 562 07/24/84 368 340 Peck Gulch (LK)

5327 04/17/84 RB 443 B16 06/04/34 355 Juet above bridge (LK)
N. Kikomuns 5351 04/18/8% RB 250 190 Od/~—/84 Kouth Kikomm (LK)

5338 04/18/84 WCT 326 371 06/03/84 Mouth Kikomm (LK)
Bristow Creek: 511 07/14/83 RB 445 585 06/14/84 435 626 Big Bend (LK)

779 06/20/83 WCT 410 550+ 10/12/83 381 Canada (LX)

773 06/20/83 WCT 390 484 09/20/83 386 571 S. pt. Tenmile k. (L)Y
Big Creek: 742 06/26/83 WCT 184 412 Big Creek

218 07/14/83 HB 416 534 12/—/83 No location
Bristow Creek 443 06/27/83 HB 372 412 05/18/B4 406 Parsnip Mouth (LX)

a/ Species abbreviations explained in the "™Methods®™ section.
b/ Lengths and weights for returns were cften estimates from anglers.
S/ (LX) designates Libby Reservoir.

4/ these returns were captured in our sampling gear.



Table H2. Tag return information for juvenile trout tagged with
dangler tags in Libby Reservoir tributaries during 1983
and 1984. Species abbreviations were explained in the
"Mt hods" section. Lengths and weights of returned fish
were estimated by angl ers.

—— . Tagging Information Return_Joformation
Location
Tagged Tag#  Date Sp L W Date L W Locati on
Eish_Trap
Young Creek: 5455 06/08/83 HB 168 47 10/09/83 304 Below Elk River (LK)
356 06/21/83 WCT 195 710 10/—/83 228 Warland area (LK}
2082 06/30/84 WCT 213 109 09/08/84 24) Souse Gulch (LK)
3553 07/19/B4 wCT 192 76 09/27/84 254 150 Kokamun Creek, B.C.
561 06/21/84 wCT 142 29 08/—/84 B.C., Canada
_ 2532 07/11/84 WCT 156 40 08/07/84 177 Rexford Campground (LK)
Big Ceek: 890 06/18/83 WCT 160 38 08/14/83 203 RKootenai River below dam
971 06/19/83 HB 180 5S4 08/21/83 265 Peck Gulch (LK)
480 06/27/83 HB 150 32 08/02/83 177 Big Creek
852 06/30/83 HB 184 54 07/30/83 Big Creek
880 07/01/83 wCT 156 33 12/—/83 No location
B89 06/18/83 HB 16% 39 05/—/84 279 Mouth Young Creek (LK)
960 07/09/84 wWCT 151 30 07/—/84 Big Creek
2602 07/06/84 WCT 141 22 08/21/84 188 54 ‘fermile area ([.K)a/
3199 07/09/B4 WCT 164 37 09/—/84 No location
2912 07/04/84 HB 136 17 152 Big Creek
482 06/21/83 wWCr 204 74 07/22/83 Big Creek

3/ Captured in our sampling gear.



APPENDI X |

Food habits information for fish collected
during August 1983 fromLi bby Reservoir
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Table Il. Index of relative ahundance for gamefish collected in Libby Reservoir during the summer of 1983,

Length Terrestrial _ ___ Diptera Misc.

Date Species Class n Daphnia Epischara Leptodora Other insects Larvae Pupae Adult Arachnide Other KOK Trout Other parts Debris Algae
Pb £330 5 €8.3 ——— 3.8 —_— 25.3 13.6 6.9 67 == — = 3.4 101 ——
Ro »330 30 51.5 3.4 15, — 51.3 P 5.7 2.6 . 1.3 = 4.6 14.1 5.3 3.5
Wt £330 10 71.6 3.4 12.0 3.4 31.4 -_— 6.8 10,1 7.2 — e— m— = 32,1 ee——  —
Wet »330 12 .6 2.7 16.4 —— 59.5 2,7 -_ 5.7 2.9 — ——— —_ — 47.7 —_— —
Bb £330 5 76.6 — .S — 24.6 6.7 — 135 20,8 —_— — — e Y —
Hb >330 4 79.4 w—— 7.8 _ 17.8 — B — —_— — — —— 8.3 12.5 — 12.5
MAF 6 89.3 4.4 5.1 12,7 8.4 12.4 4.3 4.3 ot — —— —— —_— — —_—
KoK 5 99.8 13,5 13.3 13.3 6.7 —— — — —_— —_— — 10.0 —_— -
csu 13
FSU 3
NSQ 8
CRC 13
RSS 12




Percentage of the number of each type of food ingested by fish collected in Libby Reservoir during the summer of 1983,

Table I2,
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Table I3. Percent of the weight of each type of food ingested by gamefish collected in Libby Reservoir during the summer of 1983.

Length Terrestrial __ _ Diptera Misc

Date Speciee Class n Daphnia Fpischara Leptodora Other  jnsects Larvae Pupae Adult Arachnide Other NOK Trout r parts Debris Algae
8/16-8/19 Rb $a3% 5 258 56.5 15.2 - 0.8 0.6 — = === — 0B 03

Rb >33 30 3.8 T 5.4 86.4 T - 0.1 0.7 02 0.8 — 0.7 1.2 0.7 T

Wet <330 10 47.0 T 4.8 T 32,3 T 0.1 1.5 —_ - - 14,1

Wct 3330 12 3.4 T 5.5 70.3 - 0.4 —_ — = — 20

b QW 5 TS5 3.0 12.9 0.1 - 0.5 2.2 — == = — 9.8

Hb >3 4 484 4.8 —_ 2.8 — - —_ — — T T —_ T

WP 8 724 0.1 7.1 0.1 0.2 0.1 T T —_—— = =

K 5  99.6 0.4 T T _ - —_— - — — T

csu 13

FSU 3

NSO 8

cRe 13

12
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Table I4, Frequency of occuranceof each type of food ingested by gamefish collected in Libby Reservoir during the summer of 1983,

Length Terrestrial Diptera Misc, ___ Fiah ___ Insect
Date Species Clasa n Daphnia Eplschara leptodora Other insects ILarvae Pupae Adult Arachnids Other KUK Trout Other parts Debcis Algae
8/16-8/19 Rb 30 5 100 - 40 - 60 - ’ 40 20 203 - - 60 20
” 30 30 T3 10 30 57 7 - 7 3= 3 13 27 10 7
Wet £330 1 9% 10 30 10 60 - R 20 - - - S0 -
Wet @36 15 75 8 33 75 8 18 75
fb A0 4 60 —_ 40 - 60 20 — 40 g - = 2 = = - - 60 — -
o] >330 100 - 25 50 —_— —_ -_— -— —_ - - —_ 25 -— 25
WiF 8 100 13 15 37 13 13 -_ _— = == A -_— - -
KOK 5 1lo0 40 40 43 25 — 37 20 = —_ - -_ = - e 20 — -—
csu 13 85 & N - 23 8 23 - 8- - -_ 23 92 -_
FsU 3 67 33 13 53 == & - 33 - —_ - - - 33 33 -
NSO 8 ¥ - - - - — — - - 25 50 37 25
CRC 13 85 - — - 8 15 —_ - - 8 - o — 23 2 -
RSS 12 67 - 17 8 - - - 8 - 8 - - -_ 8 17




Table 15. Average mumber of each type of food ingested by fish collected in Libby Reservoir during the summer of 1943.

Length Terrestrial ____ Diptera 8C. Insect
Date Species Class n Daphnia FEpischara Leptodora Other invects Larvae Pupae Adult Aracimide Other KOK Trout Other parts Debris Algae
Rb
08/16/83 Rb £330 5 786.2 — 197.2 — 7.8 —_— —_— 1.4 0.2 — -— ——— n/a n/a n/a
08/19/83 330 30 157.3 0.6 23.0 —_— n.0 0.1 —_— 0.2 0.1 — — 0.1
Wet £33 10 151.5 0.1 1.9 0.3 3.2 — 0.6 0.3 0.2 —_— — — —
Wet »330 12 64.8 0.2 12.4 —_— 38.9 [ ] — 0.3 0.1 —_— — —— I
;) £330 5 750.8 —_— 3.4 — 8.0 0.4 _— _— —_— 0.6 —— - -_—
Hb >330 4 89.3 —_— 9.7 — 0.5 —_— e —_— — —_— — — —
MiP 8 4771 0.9 16,3 4.9 0.3 0.5 0.1 0.1 — —_— e e —
KOK 5 1149.4 2.8 0.4 ¢ e m— —_—
csuU 13 32,5 0.1 LB o2 = 2.8 0.4 ns —— 10 === - ——
% 3 126.7 0.7 —_— 1.7 — 50.7 — 36.7 — —_— —— — —
' B 1.1 — 0.1 —_— —_— —_— —_— — — — = — 0.3
R3S 13 40.5 _— — — 6.1 0.2 — @ = - 1.2 —_— —
12 9.6 —_— 04 1.3 —_— —_— — ¢.1 —_— 0.3 —_— —




Tahle 16. Average weights of each type of food ingested by fishcollected in Libby Reservoir during the summer of 1983.

)

Terrestrial Diptera Misc, ____Figsh __  Insect
insects tarvae Pupae Adult Arachnids Other KOK Trout Other parts Debr

:

Length
Cate Species Class n Daphnia Epischara [eptodora

]
B
®

- 0.0062 0024

8/16-8/19 PRb £330 5 0.2066 T 0.4516 —— 0.1211 — — 0066 .0048 — —— —

Rb >330 30 0.0377 T T - 0008 .0067 L0018 ,008F — .0070 0,014 .D06S
Wet £330 10 0.0429 T 0.0044 —T 0.84450, 0295==== T 0001 .00M4 ——— 0.0128 —
Wet »>330 12 0.0175 0.0002 0.0284 = 0.3653 —_— ——— T L0023 e 0.105 ——
Hb <330 5 0,1857 ——— 0.0078 ~—— 0.0334 0004 ~— 0012 0058 — 0.0254 ——
Hb >330 4 0.0221 — 0.0223 —— 0.0013 — —_— _ T T —
MWF 8 0.0994 0.0001 0.0372 0.0001 0.0003 0001 eem- T —_

ROK 0.3020 6.0012 T T — — T —— L0001 e
Ccsu 13 . L0046 .0005 .0008 === 0008 —e = —ee 0005 T
FSU —_— 20213 = 0996 —_— T T
N5Q 8 - 0031 0012 T
CRC 13 . 0001 0004 0008 m————  — 0013 .0030
RSS 12 T et T —— — ——— 0069 0009

113110103

= |

]




APPEND X' J

Average estimated densities and conposition (% of
zoopl ankt on by genera inthree areas of Libby Reservoir, 1983-84



Tabl e JI.  Mean zocpl ankton densities (#/1)and percents (in
par ent heses) estimated fromOG30mvertical towsduring
1983 in the Tenm | e area of Libby Reservoir.

Date Daphnia Bosmna Cylcops D aptomus Epischura Total

08/ 16/ 83 1.20 0. 35 1.72 0.74 0.04 4. 05
(30) (9) (42) (18) (1)

08/ 29/ 83 0.80 0.16 2.76 1. 40 0.01 5.13
(15) (3) (54) (27 (1)

09/ 06/ 83 1.44 0.34 3.25 1.94 — 6.97
(21) (4) (47) (28)

09/ 21 /83 1.81 0.06 5. 86 5. 45 - 13.18
(14) (1) (44) (41)

10/ 05/ 83 1.85 T 2.54 1. 66 —
(31) (7 (42) (27) (-)

10/ 17/ 83 1. 80 0.01 1.98 1.37 — 5.16
(35) (1) (39) (27 (-)

11/01/83 0.78 T 1.40 1.26 0.01 3.45
(23) () (40) (36) (1)

12/ 06/ 83 0. 43 — 1.35 1.07 — 2.85

(15 (-) (47) (39 (-)
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Table J2.  Mean zoopl ankton densities (#/1) and percents (in
par ent heses) estinated from 0-30mvertical tows during
1984 in the Tenml e area of Libby Reservoir.

Cate Daphni a Bosm na Cyclops Diaptonus Epischura Total

0l / 06/ 84 0. 55 — 2.29 0. 84 0. 04 3.72
(150 (-) (62) (22) (1)

0l/16/84 0.53 — 3.79 1. 44 0.01 5. 77
(9) (-) (66) (25) (M

02/ 02/ 84 2,56 0. 05 4.81 2.11 — 9.53
(27) (1) (50) (22) (=)

03/ 05/ 84 0. 28 0. 02 1,47 0.97 — 2.74
(10) (1) (54) (35) (-)

04/ 03/ 84 0.28 0. 02 1.20 0. 87 — 2,37
(12 (1) (50) (37) (-)

04/ 23/ 84 0.59 0.03 0.88 0.62 — 2.12
(28) (1) (42) (29) (-)

05/ 08/ 84 0. 60 0. 04 0.79 0.73 — 2.16
(28) ) (36) (34) (-)

05/ 21/ 84 1,55 0.07 1.09 0.58 — 3.29
(47) (2 (33) (18) (-)

06/ 08/ 84 1.99 0. 33 3,53 0.19 — 6. 04
(33) (3) (58) (3) (-)

06/ 22/ 84 1.91 0.72 8. 09 1.14 0.01  11.87
(16) (6) (68) (10) (T)

07/ 03/ 84 3,22 1.22 9.35 0.31 0.07  14.17
(23 (9) (66) 2 Q)

07/ 19/ 84 1.12 0.74 3.34 0. 37 0.01 5. 58
(20 (13) (60) (7) (T)

07/ 31/ 84 1.93 1.78 5,78 1,42 0.05  10.96
(18) (16) (53) (13) (T)
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Tabl e J3. Mean zoopl ankton densities (#/I% and percents (in
par ent heses)estinated form0-30 mvertical tows during
1983 in the Rexford area of Libby Reservoir.

Dat e Daphnia Bosmina Cyclops Diaptomus FEpischura Total

08/ 17/ 83 0.48 0.11 1.24 0. 81 0.03 2. 67
(18) (4) (46) (30) (1)

09/ 07/ 83 0.75 0. 07 1.90 1.91 T 4.63
(16) (2) (41) (41) (T)

09/ 21/ 83 1.31 0.03 5. 34 5. 90 0.0l 12.58
(10) (42) (47) (T)

10/ 06/ 83 0.70 0.03 2.01 2.26 — 5.0
(14) () (40) (45) (-)

10/ 19/ 83 1.02 0.01 2.39 2. 86 — 6. 28
(16) (7 (38) (46) (-)

11/ 02/ 83 0.58 0.01 2.13 1.95 0.01 4.68
(12) (7 (46) (42) (T)

12/ 08/ 83 0.55 0.01 2.56 0.80 0. 04 3.96
(14) (65) (20) (1)
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Table J4.  Mean zoopl ankton densities (#/1) and percents (in .
par ent heses) estinated from0-30 mvertical tows during
1984 in the Rexford area of Libby Reservoir.

Cate Daphnia Bosmina Cyclops Diaptonus Epischura Tot al

0l / 9/ 84 2.13 0. 09 4.11 2. 49 0.01 8.82
(24) () (47) (28) (T)

02/ 02/ 84 2.50 0. 06 3. 36 2.09 8.01
(31) (1) (42) (26)

03/ 07/ 84 0.98 0. 04 4. 00 1.19 — 6. 21
(16) (1) (64) (19) (-)

04/ 05/ 84 1.82 0.01 6. 62 1.64 — 10. 09
(18) (T) (66) (16) (-)

04/ 27/ 84 2.07 0.07 5. 58 0.74 — 8. 46
(24) (1) (66) (9) (-)

05/10/ 84 3.50 0.32 12.15 2.09 — 18. 06
(18) (2) (67) @7) (-)

05/ 23/ 84 3.92 0.12 9.51 1.31 — 14. 80
(26) (1) (64) (9) (-)

06/ 06/ 84 2.80 1. 49 8.74 0.35 — 13. 35
(21) (11) (65) (3) (-)

06/ 22/ 84 2.09 0. 80 7.01 1.35 — 11.25
(19) (7) (62) (12) (-)

07/ 03/ 84 2.04 0.94 7.38 0.51 0.01  10.88
(19) (9) (68) (5) (T)

07/ 19/ 84 2.34 0.94 6.12 1.16 0.01  10.56
(22) (9) (58) (11) (T)

08/ 01/ 84 1.93 1.08 6.97 1.35 0.06  11.39
(17) (9) (61) (@7 (1)
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Tabl e J5.  Mean zoopl ankton densi ties (#/1) and percents (i n
par ent heses) estinated from0-30 mvertical towsduring
1983 in the Canada area of Libby Reservoir.

Date Daphnia Bosmina Cyclops Diaptonus Epischura Total

08/ 18/ 83 5. 40 7.23 4.33 11.96
(32 (-) (43) (25) (-)

09/ 08/ 83 2. 64 0.08 3.23 4.92 T 10. 87
(2 (1) (30) (45) (=)

09/ 22/ 83 2.97 0.09 3.28 4. 09 0.04  10.47
(28) (1) (31) (39) ()

10/ 07/ 83 4.64 0.16 4. 85 6.13 0.01  15.78
(29) (1) (31) (39) (T)

10/ 20/ 83 2.52 0.03 3. 64 4.03 10. 22
(25) (7 (36) (39) (-)

11/03/83  11.17 0.25 7.89 8. 03 27.34

(41) (1 (29) (29) (-)
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Tabl e J6. Mean zoopl ankton densities (#/1)and percents (in
par ent heses) estinated from0-30 m vertical tows during
1984 in the Canada area of Libby Reservoir.

Cate Daphni a Bosmna Cycl ops Daptomus Epischura Tot al

07/ 05/ 84 4.94 0. 64 5. 00 2. 67 — 13,24
(37) (5) (38) (20) (-)

07/ 20/ 84 4.76 0.02  11.34 2.59 0.03  18.42
(25) (62) (14) ()

08/ 02/ 84 5. 00 0. 40 2.83 0. 67 0.01 8.9
(56) (4) (32) (8) (7
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APFEND X K

Aver age seasonal cat ch of macroinvertebrates
by order in near-shore and |[inmetic tows on the
surface of Libby Reservoir during 1983 and 1984



Table Rl. Surface macroinvertebrate densities and biomass by Order during the summer

1983,
REXPCRD — CANADA
n N.S. L Combined N.S. L Combined NS. L Combined
(# tows = 14) (# tows = 10} (# tows = 8}
Bumber/ha
Terrestrial:
Hymenoptera 43 428 235 3 24 14 4 4 4
Pscoptera 5 17 11 k) 20 12 - ] 4
Orthoptera 2 1 3 2
Hemiptera
Homoptera 17 12 15 7 3 4 13 8
Coleoptera 12 6 3 2 21 13 17
Lepidoptera
Neuroptera
Other 17 6 11 7 11 9
TOTAL TERRESTRIAL 43 463 278 23 58 41 29 38 34
Auatic:
Diptera 17 21 19 7 10 9 17 42 30
Tricoptera - 4 2
Ephemeroptera
Other
TOTAL AQUATIC 17 21 19 7 10 9 17 46 12
GRAND TOTAL 110 484 297 30 68 49 46 04 65
Grame/ha
Terrestrial:
Hymenoptera +238 1.712 S75 018 081 049  ,002 008 005
Pscoptera ).008 0.019 013,003 035 019 -— .016 .08
Orthoptera 5,301 — 1.650 —_— 2,811 1.405
Hemiptera
Homoptera 0.07¢ 0.146 111 226 .113 .004 1.088 .546
Coleoptera 0.176 — .09 215 — 108  .718  ,2987 507
Lepidoptera
Neuroptera
Other 0.640 0.042 JS41 023 .005 014
TOTAL
TERRESTRIAL 1.373 1.91 3.141 485 2,932 1,708,724 1,409 1.066
Aguatic:
Diptera 0.053 0.125 .08 .003 007 .005 1.018 1.012
Tricoptera — .026 .013
Ephemeroptera
Other
TOTAL PQUATIC 0.053 0.125 089 003 007 005 1,018 1,038 1.028
Parts

GRAND TOTAL 1.426 2.035 3.231 488 2.939 1.714 1.742 1.447 2.109



Table K2, Surface macroinvertebrate densities and biomass by Order duringthe fall 1983,

TRMILE ——— BEXFCRD CANADA,
n N.S. L Combined N,S. L Combined N.5. L Combined
) {# tows = 16) {+ tows= 14) {} tows = 10)
Naber/ha
Terrestrial:
Hymenoptera 4 2 3 5 2 20 10 15
Pscoptera 2 2 2 2 1
Orthoptera
Hemiptera 2 8 5 2 1 17 W 17
Homoptera 4 2 3 2 26 14 420 6 213
Coleoptera 2 4 3 10 12 11 20 10 15
Lepidoptera 3 2
Neuroptera 9 17 13
Other 4 4 4 7 17 12 3 2
TOTAL TERRESTRIAL 18 22 20 19 64 42 483 43 263
Aquatic
Diptera 10 10 10 9 17 13 97 10 54
Tricoptera 2 1
Ephemeroptera
Other (Plecoptera) k] 2
TOTAL AQUATIC 10 10 10 9 19 14 100 10 55
GRAND TOTAL 28 32 30 28 83 56 583 53 318
Grama/ha
Terrestrials:
Hymenoptera .013 .013 013 .001 0005 ,026 1.374 .700
Pscoptera .002 005 .004 .003 002
Orthoptera
Hemiptera 009 .048 .028 .338 169 205 ,935 .570
Homoptera .0003 .006 003 ,002 160 080 451 ,035 ,243
Coleoptera .002 .012 007,124 W 257 L190 556 .12  ,359
Lepidoptera ,019 .009
Neuroptera
Other +034 112 073 .027 137 082,004 .002
TOTAL
TERRESTRIAL .060 .196 A28 L153 .B96 .53 1,261 2,506 1,883
Aquatic:
Diptera .054 004 029,027 .052 040 309 047 178
Tricoptera .017 .009
Ephemeroptera
Other .003 .001
TOTAL AQUATIC .054 .004 .029 2312
Parts

GRAND TOTAL 114 «200 157 1,573 2,553 2.062



Table K3. Surface macroinvertebrate densities and biomass by Order during the winter

1983 and 1984,
— TENMILE = REXFORD — GRS
n N.S. L  Combined HN.S. L. Combined NS, L Combined
(¥ tows = B) (4 tows = 12) (no tows frozen)
Nuxber/ha all empty
Terrestrial:
Hymenoptera 22 19 20
Pscoptera
Orthoptera
Hemiptera k] 1
Homoptera 14 8 1
Coleoptera 8 4
Lepidoptera
Neuroptera
Other 11 11 11
TOTAL TERRESTRIAL 47 49 48
Aquatic:
Diptera k] 22 13
Tricoptera
Ephemeroptera
Other
TOTAL AQUATIC 3 22 13
GRAND TOTAL 50 71 61
Grame/ha
Terrestrial:
Rymenoptera .056 030 .053
Pscoptera
Orthopter
Hemiptera .002 .001
}btinptera .008 004 .006
Coleoptera .060 .030
Lepidoptera
Neuroptera
Other 057 .028 .043
TOTAL 121 144 132
TERRESTRIAL 005 032 019
Aquatic:
Diptera
Tricoptera
Ephemeroptera
Other
TOTAL AQUATIC .005 .032 .01%
Parts

GRAND TOTAL .126 176 .151



Table K4, Surface macroinvertebrate densities and bjomass by Order during the spring

1984.
TENMILE REXFORD CANADA,
n N.S. L Combined NN.S. L Combined MS. L Combrined
(% tows = 28) (¥ tows = 26)

Rxber/ha
Terrestrial:

Hymenoptera 3 | 3l 31 8 3 5
Pscoptera

Orthoptera

Hemiptera 1 é 1

era 6 4

mem 14 11 12 4 1 3
Lepidoptera 1 W5

Neuroptera

Other 5 4 4 4 7 [
TOTAL TERRESTRIAL 58 49 53 16 11 14
Aquatic:

Diptera ic8 158 133 254 433 344
Tricoptera

Ephemeroptera 3 2

Other 4 3 3
TOTAL AQUATIC 113 158 135 258 436 347
GRAND TOTAL 171 207 214 447 361
Grams/ha
Terrestrial:

Hymenoptera 199 140 169 169 .003
Pscoptera

Orthoptera

Hemiptera .00l .007 004

Homoptera 011 004 007

‘Coleoptera .238 046 142,199 017 .108
Lepidoptera 842 A1

Neuroptera

Other 041 036 039,033 .060 046
TOTAL 1,332 233 .783  ,401 .080 »240

TERRESTRIAL
Muatic:

Diptera 468 .602 535 698 1.457 1.067
Tricoptera

Ephemeroptera .003

Other 012 .025 019
TOTAL AQUATIC 474 .602 538 710 1.402 1.096

Parts

GRAND TOTAL 1.806 .835 1,301 L,111 1,562 1.336



Table K5, Surface macroinvertebrate densities and biomess by Order during the summer

1984,
n N.S, L Combined WN.S. L Combined NS. L Combined
(# tows = 18) (# tows = 12) (# tows = 12)
Rumber/ha
Terrestrial:
Hymenoptera 22 15 3 9 17
Pgcoptera 19 22 6 T 5 6 6
Orthoptera
Hemiptera 2 6 4 6 8 7 6 6 6
Homoptera 20 19 19 28 8 18 20 14 17
Coleoptera 24 4 14 47 14 30 9 1 10
Lepidoptera 2 1 ) 3 4 6 3
Neuroptera
Other 15 6 10 9 3 6 9 4
TOTAL TERRESTRIAL, 83 52 67 143 51 97 50 4 46
Mjuatics
Diptera 21 26 24 25 17 21 1n 1 11
Tricoptera K} 1.5
Epheneroptera 2 1 6 3 4
Other 8 4
TOTAL AQUATIC 23 26 25 17 21 25 17 2)
GRAND 'TOTAL 106 78 92 168 68 118 75 60 67
Terrestrial:
Hymenoptera .5 .269 .385 .,213 078 J46 057 073 .065
Pscoptera 007 001 .004
Orthoptera
Hemiptera .01 .009 .01 .01] 104 .058 046 015 .031
Homoptera 034 .030 032 122 051 .086 ,015 .006 .011
Coleoptera .879 .093 .485 1,506 440 973 514 234 J74
lepidoptera .010 .005 008 .009 .0o8 022 L011
Neuroptera
Other .13% 027 .081  ,090 017 054 .060 .030
TOTAL
TERRESTRIAL 1,558 .438 .998 1,957 7 1,329 .692 .350 522
Aquatics
Diptera A7 .105 .138 258 051 185  ,586 .065 .325
Tricoptera 017 004 .01
Ephemeroptera 010 005
Other
'IUgaAL MYUATIC .181 .105 143,258 051 155 1,023  ,069 .546
rts
GRAND TOTAL 1.739 .543 1.141 2.215 «751 1.484 1.715 419 1,068



APPEND X L

Initial nodeling effort on the Li bby Reservoir
fishery by the United States Geol ogical Survey



United States Department of the Interior

GEOLOJ CAL SURVEY
Wat er Resources Division
301 Sout h Park Avenue, Room 428
Federal Building, Drawer 10076
Hel ena, Montana 59626- 0076

Cct ober 24, 1984

Bradl ey B. Shepard

Mont ana Department of Fish, Wlidlife
and ParKks

Route 1, Box 1270

Li bby, Montana 59923

Dear Brad:

Qur proposal with your agency was to construct and test a conputer nodel that
describes the effect of reservoir drawdown on the trophic dynam cs of Lake
Koocanusa. During the first year (FY 84) of the nodeling effort, our plan
was to develop a prelimnary nodel for Lake Koocanusa. This prelininary node

was to be a coarse nodel by which the feasibility of continuing nodel devel op-
ment woul d be eval uated

After review of literature that addresses ecological structure and function of
reservoir ecosystens, Rodger Ferreira’ s original approach was to adapt either
the CLEANER series of aquatic ecosystem nodels devel oped for the U S. Environ-
mental Protection Agency or the CE-QUAL water quality nodel s devel oped at

the U S. Arny Engineers \aterways Experiment Station. However, because of

the numerous literature-derived variable coefficients and | arge anounts of
data required for these and simlar model s, Rodger was advi sed against their
use. Determning cause and effect relationships would be difficult because

of the large nunmber of coefficients; the coefficients nmight not even be
applicable to Lake Koocanusa. At a neeting, March 6, 1984, at which you,
Steve McMill en, Rodger Ferreira, and Ji mLaBaugh of the U S Geol ogica

Survey were present, devel opment of a sinplified nodel of reservoir drawdown
and carrying capacity of fish was decided as the best approach. If this
effort indicated a relationship between reservoir drawdown and fish bionass,

the U S. Geological Survey was to continue nodel devel opment of the trophic
dynam cs of Lake Koocanusa.

Anal ysis of fisheries data from Lake Koocanusa showed no strong correlation
bet ween annual reservoir drawdown and catch as an estimate of fish carrying
capacity. A regression of reservoir drawdown with catch of rainbow trout per
net-night during autumnm at the Rexford site (fig. 1) had a coefficient of

det erm nation (r2) equal to .087 and was not significant (p>F = .477)

(table 1). At the Cripple Horse site a regression of the sanme variabl es
(fig. 2) also showed a poor correlation (r¢ = .013; p>F = .791) (table 2).
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The first year of reservoir growh of rainbow trout by migration class was

al so regressed agai nst annual reservoir drawdown (figs. 3, 4, and 5). These
regressions were not significant, p> 0, and explained little variation in

the amount of first year reservoir growh (tables 3, 4, and 5). However

there is “hint” of an inverse relationship (fig. 4) which describes an increase
in the first-year reservoir-growmth of migration class 1 with decreasing
reservoir drawdown (r2 = .335 p> O = .080). Perhaps additional data would

better define this relationship. Log transformations of the fish growth data
and the catch data did not inprove any of the regressions.

Regression analysis indicated a relatively strong relationship (fig. 6, table

6) between increasing condition factor of rainbow trout and increasing reser-
voir drawdown. This relationship is significant (p<.®) with 82 percent of

the variation in fish condition described; however, this trend was not expected
based on our theoretical understanding of the effects of reservoir drawdown.

The increase in “robustness” of fish netted during the fall could be the result
of greater reservoir surface-elevation recovery in the sumer and fall follow ng
arelatively deep reservoir-dramdown. O it could be the result of relatively
few fish, conpared to the anount of food available, being able to take advantage
of the increased density of food organisms concentrated by deeper reservoir

dr awdown.

The basic logistic equation of population growh on a yearly tinme step was

used to “nodel” changes in population growh, as represented by the catch data
in response to carrying capacity as represented by reservoir drawdown. However
the regression relationship between fish catch at Rexford and reservoir drawdown
with an r2 equal to .087 was used to force the “nodel” to match the observed
data. Consequently, the “nodel” had no meaning with respect to understanding
how reservoir drawdown was related to changes in fish population or could be
used to predict these changes.

Based on fisheries data that we have at the present time, it appears unlikely
that a nodel could be devel oped to simulate the effect of reservoir drawdown

on fish production of the reservoir. Lack of a strong correlation could result
from several reasons: 1) The fish data represent fish populations that exist
soon after reservoir inpoundnent. Fish popul ati ons have been observed in

other reservoirs to fluctuate sharply during the first five to ten years of

i mpoundment until trophic equilibriumis reached. 2) Reservoir drawdown mi ght
not have varied enough to show a change in the size of the fish popul ations.
Reservoir drawdown from one year to the next varied by no nore than 20 feet
during the first five years of inpoundnment. These years were nost |ikely
during a tinme of trophic instability. During the last four years of data,

1979 to 1982, reservoir drawdown fromone year to the next varied from 12 feet
to only 4 feet. These years nost likely are a time of trophic equilibrium
3) If major controlling factors on fish production occurs by changes in the
food web, there may be a lag tine before reservoir drawdown woul d show effects
on fisheries production. It may be that the only ways to distinguish the
effects of reservoir drawdown night be to draw the reservoir down to the sane

el evation for several years in arowto allowa new trophic equilibriumto be
reached. 4) Qher factors affecting observed fish production in the reservoir
could result from changes that occur in tributary streans. A change in water

quality or quantity of the streams could affect fish spawning or juvenile
growth and therefore recruitment to the |ake

Because many other factors could be conplicating a direct effect of reservoir
drawdown on fish production, a nodel that incorporates several input factors
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m ght be used to indicate various channels of indirect effects. Attached is a
flow chart for a proposed nodel that incorporates changes in the food organisns
of fish. Mjor changes include the availability of benthic invertebrates,
terrestrial insects, and zooplankton. Each of these food organisns are
theoretically affected by reservoir drawdown in the nmodel (fig. 7). The
changes in zooplankton are controlled through changes in prinmary production

as estimated through regression nodels proposed by Wods and Falter (1982).
Changes in the thermal structure and mixing stability, which are factors
affecting primary productivity in Lake Koocanusa, wll be driven in the |ake
nmodel by use of a thermal nodel devel oped by Adams (1974). Change in the
nunber of fish with tine is controlled by a self-regenerating fish stock
routine that, by default, wll use historical rates of fish growth and nortality.
The rates of growh and nortality are adjusted by specified anobunts dependi ng
on how the biomass of fish predicted by available~ food energy conpares to

the biomass of fish predicted by the self-regenerating fish stock nodel

Det erm ning by what amount growth rates and nortality rates will be

adjusted will be determned as part of the calibration process of the nodel

Model output wll be on an annual basis, however, changes in the fish popul a-
tion will be calculated on a seasonal basis, starting with spring. using

seasons will allow simulation of changes in food organisns as affected by
reservoir drawdown.

Input driving variables for the nodel would include

Reservoir el evation change per season (ft)

Mean sol ar radiation per season (cal/cn?/m%ﬂ
VWater temperature of inflow and outflow ( °Q
Vol unme of inflow and outfl ow (Ac. ft)

A WN
" — — —

Input state variables for the nodel include

1) Initial nunmber of juvenile fish in tributaries

2) Historic growth rates of fish in tributaries and Lake Koocanusa
3) Historic nortality rates of fish in tributaries and Lake Koocanusa
4) Fishing rate in Lake Koocanusa

5) Recruitnment coefficients, a and b, of spawning fish

6) Initial tenperature profile of Lake Koocanusa (°C)

7) Initial surface water elevation of Lake Koocanusa (ft)

8) Season of spawning and emgration

9) Number of mgration classes of fish

10) Percentage distribution of fish anong migration classes

11) Age of mgration for each nigration class
12) Total nunber of fish in reservoir during intitial year

13) Light restrictions and water density controls for zooplankton
14) Vter tenperature controls for fish

Driving variables incorporated as block data in the nodel

1) Mean quarterly nunber of terrestrial insects per P

2) Mean quarterly number of benthic invertebrates per m? at each of
three sanpling areas

3) Mean quarterly euphotic zone depth (ft)

4) Mean quarterly euphotic zone dissolved solids concentrations (ng/L)

5) Mean quarterly surface illumnation (foot candl es)

6) Mean quarterly percent growh of fish resulting from zoopl ankton,
phytoplankton and terrestrial insects
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Al organismcounts or biomass values will be converted to units of energy
(kilocalories) for internal calculations of energy flowin the model. Details
will need to be worked out for reservoir elevation changes as related to

inflow and outflow volumes. Either inflow and outflow volumes will be specified
by the user and a resultant reservoir elevation change cal cul ated or the
reservoir elevation change can be specified and outflow volune adjusted to
correspond with inflow vol unes.

Model output variables will include:
1) Cohort popul ation size for each cohort by year
2) Length of individuals in each fish cohort by migration class and year (mm
3) Weight of individuals in each fish cohort by migration class and year (pn
4) Total spawning biomass per year (gm
5) Recruitment nunber of fish to the reservoir each year
6) Total catch of fish each year (gm

Devel opnent of the nodel will continue through FY 1985 and 1986. CQutput from
t he nodel during developnent will be analyzed to determ ne the nostinportant
factors that affect the production of fish. This analysis wll be acconplished
through calibration checks with actual data and sensitivity tests. |f output
fromthe nodel is determned not to represent changes resulting from actual
occurrences of inportant factors in the system new directions in nodeling

or sanpling will be considered. |If new directions in nodeling or sanpling are
not feasible, the model will not be developed any further. If new directions
in sanpling are feasible, or if output fromthe nodel is determned to
represent changes resulting from actual occurrences of inportant factors in

the system the nodel will be devel oped further and refined with each successive
year of sanpling.

The feasiblity of adapting the nodel to Hungry Horse Reservoir will be

determined in early 1986. If the nodel is appropriate, it will be applied to
Hungry Horse Reservoir and further refined during 1986.

During nodel devel opment, the Mntana District wll receive assistance from
James LaBaugh (GS-13 Hydrol ogi st-Li nmonol ogy), who will act as advisor to the
project. Jimis fanmliar with |ake and ecosystem modeling as part of his

work in the Lake Hydrol ogy Group of the Ofice of the Regional Research
Hydrol ogi st, Central Region.

Project Products and Reports:

Model output will be in the formof a conputer printout. A progress report
descri bi ng nodel devel opnment will be published as a U S. Geol ogi cal Survey
Wat er - Resources I nvestigations Report at the end of FY 1985. At the end of
FY 1986, a final report describing the nodel and the trophic dynam cs of each

reservoir will be published in a referred scientific journal.
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Fundi ng:

The total cost of the project in FY 85 which includes progranmmng the proposed
flow chart, running calibration checks, and conducting sensitivity analysis,

is $56,200. Funding can be adjusted to conply with the dates of your operating
fiscal year. The project will be funded as a cooperative programw th the

Mont ana Departnent of Fish, Wldlife and Parks. Because data collected by

your agency from Lake Koocanusa and Hungry Horse Reservoir is used for the
nmodeling project, a portion of the the cost is included as direct services.
Therefore cost to the Montana Department of Fish, Wldlife and Parks is $22,500.
Funding for the federal side of the costs are provided through the Merit Fund
program of the U S. GCeol ogical Survey.

Proposed Funding Arrangenents for FY 85:

Mont ana Dept. of Fish, Wldlife

U. S. Ceol ogi cal Survey and Parks TOTAL
Wat chi ng Funds Mat chi ng Funds Direct Services
$28, 100 $22, 500 $5, 600 $56, 200

A breakdown of the total costs for nodel devel opnent of Lake Koocanusa during
FY 85 is as follows:

Empl oyee Cost (Salary and Benefits):

Rodger F. Ferreira, GS-12, Hydrol ogi st (Biol ogy) $37, 390

Janmes W LaBaugh, GS-13, Hydrol ogi st (Lirmnologist) -

Gary W Rogers, GS-12, Conputer Speciali st 7,170
$44, 560

Travel Expenses:
Transportation:

Kalispell (2 trips) $ 130
GSA Vehicle: 1 nmonth @ $13l/nonth
800 mles @$Q 1 7/nile 140
Denver (3 trips)
Airfare: 3 trips @%$440 trip 1,320
Per Diem Rodger F. Ferreira, 21 days @ $75/day 1,580
$3, 170
Conput er Operation and Mi ntenance:
Prime System Operation costs; 6 nonths @ $300/ month $1, 800
Mai nt enance: 6 months @ $l OO nmont h 600
Model and Data Storage, Tape backup: 10 nmont hs @ $15/ nonth 150
Conput er operator costs: 10 nonths @ $15/ nonth 150
Conput er Supplies 170
$2, 870
Direct Services $5, 600
TOTAL $56, 200
Sincerely,
/ Py
il L
CGeorge M Pi ke
District Chief
Encl osures
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Figure l.--Catch of rainbow trout at the Rexford sampling area in Lake Koocanusa during the Autumn from

1974 to 1982 plotted against annual reservoir drawdown.
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Table l.--Regression statistics for catch of rainbow trout at the Rexford sampling area in Lake Koocanusa

during the Autumn from 1974 to 1982 as predicted by annual reservoir drawdown.
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rable Z2.—-Regression statistics for catch of
Koocanusa during the Autum from1974 to 1982 as predicted by annual
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T..ble3.--Regression statistics for first-year reservoir-growh of rainbow treut frommigration class 0
in Lake Koocanusa as predicted by annual reservoir drawdown.
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VaLuE ¢ VALUE FOR MEANM FOR MEAN
1 - T3, 0000000 T T T V1L 12ERS 2T T T T VUL ETISATAY T T U103 S9TZI998D T T TTUI200284 70487 T T T T/ T
2 123.00033000 11416763692 8L 83234308 102.80972297 125.52555084
3 122.00000000 112.12845218 -10.128452%8 103.97219980 120.2!670&5{__“_ L
Lo TTTI300000000 T T TR YETEIEY2 T T T =T IETENEYY T I CEONT YT T T T 175.37355084
5 107.02000006G 11120647585 =4,.8064756% 106,.02955727 119.58339403
8 116, 09900000 104.44020003 9.55979997 95.80240054 117.07799952 L
I 2 TUTTIDR.DIGEROODTT T TTADSTESOVASRT = TY.e59eISTOT T TTYQICEVTIETRSY T TUUTITAL3023182Y
[} 109.00000000 105.90357247 3.096452753 P4.31256%42 117.49458151
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12 Q4,29003000 197,.513L5851% 7 TE13.51345518 T TTeglsvev023 Y T16.42000798
11 » . 178.15740%23 . t100.106890813 116.20792562
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5uUM OF RESIDUALS 0.00000000 i . — e
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Table 4.--Regression statistics for first-year reservoir-growh of
in | ake Keocanusa as predi cted by annual

DEPENDENT VARIABLE: Gwl

rai nbow trout
reservoir drawdown.

frommgration class 1

SourtE T T oF SUN OF SQUARES NEAN SQUARE F YALUE P *-S0UARE Lot
nODEL 1 319.12862%67 319.12842567 .03 0.079% 0,335184 4,072 _
ERRDE 632.97157433 TR.12144679 ROOT NSE Gl MEAN
COARECTED TOTAL ¢ 952.10000000 == - " 8.89502371 218.70000000
SOURCE i TYeE 155 F VALUE PR > F  OF TYPE III 5§ F OVALUE PR > F
Dadu 1 119.12842567 4.03 p.ores Y. 31932842567 4£.03 0.0795
o T FOR_MO: PR > |T} __STD ERROR OF . .. o . e =
PAREMETER ESTIMATE PAaRAMETER:D ESTIMATE
INTERCEPT 245.42025029 L Ar.e 0.0001 . 13.6%623452 . L. .. .. e e e
CETY -0, 20074758 ~2.01 0.079% 0.09995734
5 Daseavarton 635EavED PREOICTED RESTOUAL LOWER 951 CL upPER 952 CL T T B
-~ VaLuE VALYE FOR MEAN FOR MEAN
I I 267700000000 TTTTRIL, S0 MTOTE G5e¥0Y6 - T 207 09aT8¥ed T T TTREENSETeT T
2 221.00000000 211.09166877 13.90833323 200.21074753 221.97258602
3 218,00000000 ___214.,90587078 3.09412924 207.09215392 222.71958761 .
CTTTTTT T T 200n 00000000 B PR F T - TTTTT UL ZTOTATSY TR, vYEsERD? —-
5 211.00000000 215.50811350 -4, 50811350 208.0577998¢ 222.95842711
& o . 215.00000000 225,54549243 =10.54549243 215.35664522 235,.73653964 i
7T 224.00030000 TR SZIVASOT SLATEVIRYY T 21T V6804835 T AW 0TENE 7Y - -
F: 224.,07000000 226,54923032 ~0.54923032 215, 44500519 237.65345545
9 232.03000000 224, 34100698 ) 7.65399304 215.17429988 238 50771407
17 - 0769000000 28YSABGIERAT T T Y. a6198338 4. V9TRLE5D 23,0181 87 78
1 222.33353117 214.62110880 230.04595355
T OBSERVATYION VA WOT USED IN TwiS andL?TSIS - T Tt
SUm OF RESIOUALS 0.00000000 . — _ J
TEUR OF SQUARED RESITUILS ©32.97T157433
SUM OF SQUARED RESITUALS - ERROR 33§ 10;0-2222233‘?
PRESS STATISTIC N o 6. 0 . e e _ - -
TETRSY ORDER AUTCCORRELATION '_' =0.08ET27He
2.05057594
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1 :ble S.--Regression statistics for first-year reservoir-growth of rainbow trout from migration class 2
in Lake Koocanusa os predicted by annual reservoir drawdown.

DEPEKDENT VARIABLE:
cem e —

LoUECLE T
“GDEL
ERRQR
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Siukle T
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Jxd
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Table 6.--Regression statistics for condition factor of rainbow trout in Lake Koocanusa during the Autumn
of 1974 to 1982 as predicted by annual reservoir drawdown.

DEPENDENT VYaRIzaLe: COnG
SOQURCE IF SUM’ OF SQUARES WEAN SQUARE T F YALUE - PR > TTR-STUIRE B 5N -
MODEL 1 _13.48668867 13.48666667 27.32 0.0020 0.819920 1952
Taa04 2.9629873% 0.69363056 00T MSE conp REAN
COTRECTED TOTAL 16,46 B25000 — " T T T T TTITTIITTT TN o028 8k0s TUTT T TYS L9ET50000 T
SouRlE pL "TYPE 1 5% F VALUE PR > F DE T T T TVPE 1171 55 F vALUE i >F
DR AW 1 L 13.480660607 27.32 0.0020 1 13.48668667 27.32 0.0020
__T FOR 03 PE > [T} STO ERROR OF
PATAMETEY ESTIMATE PAIAAETER=D TUTESTIRATE -
INTERCEPT 29.33200545 _22.85 0.0001 1.29547%13 _ .
oRAw T 0.351513513% TSy TTTTTEI002Y B.00%8%811
DATERVATION TOASERVIL SSRESTEYES T T RESYDUAU T TT T TLOWER 95X CL T T UUeRERTRSYI EL T Tt ¢ -
VALUF YALYE FOR MEAN FOR MEAN
Ty e T T T 3T ¢ TIEVEL 38 SEASINAL T T T T IRL0632096Y T T T T T T T
2. . 34.20265152 37.00060381 39.40669942
3 13.10000200 37.22338364 0.87613634 36.38451766 38.04320943
% 17.73003300 19, ZOTESTIS Y T T TR RL S02B5 157 T 37L000EDIET T TTTT T 39,404 69F62
5 35, ¥OG00S0D 37.06931818 -0.16931818 315.27812833 37.26050803
6 ¢ . 3549356081 33.56693546 35.42018575
7 ¢, 830002000 “36.03301515 T T T SsDIBAAY T TX5.43088485 36. 66734346
8 3o. 62002000 34,23598488 0,16401515 33.21527518 35.25669452
9 15, 10000200 34.80265152 0.29734848 33.97975116 35.42555187
10 35.00000302 15.608712%2 T TR BORTIANT T T ILLTETLG5ES I5.74302080
11 14.123356090 15.31780303 -1.21780303 34.63386042 36.00174564

To QBSERVATION WA NOT USED IN YHIS “analysis — —

SUM OF RESIDUALS

0.00000000

TTSUM OF TSQUARED RESIDUALS T T
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0.00000000
5.05368306

T URIRST GROEN AUTOCORWELATION -
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Figure 7.--Proposed flow chart for ecosystem nodel of Lake Koocanusa
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APPEND X M

Comments by Gene R M oskey, Aguatic Ecosystens Anal yst s,
on the First Annual Report (1984? end proposed Work Pl an
(in Prep.) for the study "Quantification of Libby Reservoir
l'evel s needed to maintain or enhance reservoir fisheries"



AQUATIC ECOSYSTEM ANALYSTS

POST OFFI CE BOX 4188
FAYETTEVI LLE, AR 72702

PHONE 501/ 442- 3744

Decenber 20, 1984

Brad Shepard

Montana Dept. Fish, WIdl., and Parks

P. 0. Box 67

Kal i spell, Mntana 59903

Dear Brad,

On attached sheets you wll find nmy conments concerning your work
plan and first annual report on the Libby Reservoir project. You

obviously have put a lot of thought and effort into the project,

which is one of the nmore conprehensive sanpling efforts

seen in recent years. The results should contribute

cantly to our wunderstanding of the ecology of cold-water
voirs in the US. Time constraints forced nme to restrict

to perceived problem areas. | hope ny thoughts are of
to you.

Merry  Chri st mas,

yi f
ene R. Ploske

y
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Page

Work Pl an

4 (top) -- | agree that changes in |iving space associated wth
wat er -1 evel fluctuations may limt fish-food resources and produc-
tion, but negative inpacts are nost pronounced when drawdown occurs
during the growi ng season. Inpacts in winter are usually noderated
by | ow water tenperatures that reduce primary production, food
requi rements, growth, and predation. Primary and secondary produc-
tivity would be low regardl ess of water |evels. | can visualize
protracted negative inpacts of wnter drawdown on benthos produc-
tion because overw ntering populations in the fluctuation zone
are deci mated annually and reproduction and recol oni zati on woul d
require several nonths during the followi ng spring and sumer
Al gae and zoopl ankton production typically is mniml in wnter,
and therefore unlikely to be linmted by drawdown, unless the draw
down occurs during spring, sumer, or fall. The highly seasona
nature of zoopl ankton and phytopl ankton production, and dessication
resi stant overwi ntering mechanisnms in the former group (e.g.,
ephi pi al eggs) make protracted danage unlikely.

Pages 5-21 - | have no problemwi th your sanpling efforts as you seem
to have adequately covered all inportant variables. Your efforts
on food habits, zooplankton, and benthos are good and will be

Page

Page

i ndi spensible for defining trophic relations.

21 (Qbjective 5) -- 1 have serious reservations about using habitat
suitability nodels to assess inpacts of water-|evel fluctuations.
A loss of habitat to drawdown (especially in winter) rarely causes
a proportional reduction in fish abundance. Habitat suitability
nodel s have been nost criticized because habitat units rarely can
be correlated with density or standing crop. A better approach
to assessing inpact of wi nter drawdown m ght be to conpare size-
specific nortality of fish or abundance anong seasons.
If rmortality is substantially higher during winter drawdown than in
summer, sone basis exists for inplicating drawdown as a detrinental
agent. Most literature indicates that fish netabolism consunp-
tion, and growh drops substantially in winter, although stonach
contents may not decrease due to reduced food processing rates,
i.e., afood itemnay require days to digest. Due to reduced food
needs, w nter losses of invertebrate food resources and predation
on young fishes should be less significant in winter. | have often
found positive correl ations between fish abundance and annua
wat er -1 evel fluctuation whereas habitat |osses due to fluctuation
m ght suggest that the effect would be distinctly negative. Until
the nmechanisms and effects are understood, relying on habitat
changes to project population inpacts could be m sl eading.

24 (revegetation) --Vegetation in the upper fluctuation zone is
vary inportant for spawning and nursery habitat for certain
species, especially in warmwater inpoundnents. California
Bi ol ogi sts have bad sone successes al ong these |ines--See McCammon

and von Celdern (1979) in Predator-prey Systems In Fisheries Mnt.
(SPAPub |., Page 431). NAJFM2(4): 307-315, and an excellent review
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by Wiitlow and Harris (1979). A copy of the review by Witlow and
Harris is encl osed.

27 (Factorial Analysis of Variance) -- Statistically, a weak part
of the study is that 3-4 years of replication probably will be
i nadequate to statistically quantify relations between reservoir
operations and changes in popul ations of fish or fish-food biota.
Seasonal and areal variations in nost variables usually exceed
annual variations, especially when annual fluctuation regines do
not differ significantly fromyear to year. Consequently, you nay
not be able to denonstrate significant differences anbng years
unl ess you standardi ze the data by area and season and use these
standardi zed deviates as, replicates. | prefer to use one-way
anal ysis of variance to look for differences anbng years, seasons,
or areas because 3-way ANOVA's al ways yield nmany interactions that
cannot be expl ai ned. If adequate replication is a problem because
sanples fromdifferent areas are highly variable or have different
variances, try standardi zing all dinensions (years, seasons, or
areas) except the one you want to test. You will want to use a

nonparanetric test such as the Kruskal-Wallis test if sanple
vari ances are not honpbgeneous.

In ny experience, the ability to predict reservoir-w de operational
effects on fish requires at |east 8-10 years of data unless you

are lucky enough to sanple fever years under highly variable flow
condi tions.

The limted replication of hydrol ogical cycles (4 years; 4 springs;
4 summers,etc.) should not prevent the study from neeting its
stated objectives or your group from fornulating valuable recom
nendations to mmintain or enhance the reservoir fishery. It
probably will force the devel opnment of a nobre conceptual than
mat hermati cal nodel for predicting effects, and one with nore
assunptions. For exanple, docunented differences in sunmer benthos
popul ations in areas that were dewatered one wi nter and not another
can be used to project effects on fish that feed on benthos by
using trophic transfer coefficients and many assunpti ons.

Your sanpling seens nore than adequate to describe the reservoir
trophic system and to suggest the inportant interactions between
target fishes and their habitat and food resources. Therefore it
shoul d be adequate to conceptualize a trophic nodel. However, the
3-4 years of data probably will be insufficient to derive relations
bet ween reservoir operations and biotic variables, relations that

are needed to drive a trophic nodel. Unless operational trends
differ significantly anbng years and seasons and affect different
areas, it will be inmpossible to attribute a change in fish-food

biota or fish to operations.

As you indicated, the best chance for success lies w th obtaining
significant nodification of the water-level regines in one or two

of the years, which would at |east permit paired conparisons of
means of biotic variables.
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28 --1f you pursue a trophic nodel, you may have difficulty
nodel i ng fish species for whom only catch per unit effort data were
recorded. Salno and kokanee should be |ess of a problem

Final Annual Report (Muy-Cct., 1983)

27 (last sentence; 1st full paragraph) -- Zoopl ankton production
may also be limted by high rates of water exchange (> than once in
30 days). However, production already limted by tenperature (in
winter) will not be inpaired significantly by high rates of water
exchange

(2nd full paragraph) -- | can think of no better justification
for your efforts than the fact that we know virtually nothing about
the biology of cold-water fishes in reservoirs. Wat you find
shoul d be val uabl e to conservation and regul atory agencies who wil |
run into simlar problens in the future.

44 (Predicting benefits) -- | believe the devel opnent of a trophic
nodel for fish is premature because it cannot predict effects of
operations on fish unless driving variables are identified and
related to reservoir operations. Food types consuned by fish
are primary driving variables of a trophic nodel. [f you have a
species of fish that consumes 3 food types (benthos, zooplankton,
prey fishes) and plan to use a trophic nodel to project effects of
water |evels on this species, you nust guess or project the effects
of water levels on the three food types in order to drive the
mde 1. You may find you can project effects of sone operations
(such as drawdown) on fish recruitment, growth, or nortality wth-
out having to first project effects on fish foods (anpbng ot her
things). Trophic nodels also tend to have large errors (+_150
percent of actual values) associated with predictions. A well
t hought -out conceptual nodel can be as useful as a mathematical
nodel , |ess expensive to develop, and readily changed as new infor-
mati on becomes avail abl e. | recommend a thorough anal ysis of al
data to fill in or correct your existing conceptual nodel (alluded
to in Pages 38 and 43 of the Annual Report and Page 4 of the Wrk
Pl an) before considering a conplex trophic model. | would guess

that other operational constraints will severely lint the anmpunt
of operational nodification possible.

It would be difficult to justify an el aborate nodel to predict
effects of operations on fish if operations are too inflexible to
be altered significantly. From your extensive data collections you
shoul d acquire a workabl e understandi ng of essential water-|evel

requi rements from which you probably could develop a suitable
rule curve

45 (last paragraph) -- Unless analysis of your data yields
rel ationships that provide other driving variables, your proposed
trophic nodel will be weak.
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