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ABSTRACT

The brown trcut Eabitat Suitability Index Model for riverine
systecs, developed by the U.S. Fish and Wiidlife Sezvice (Raleigh ez
al.. 1984) was tested with habitat 'and stancing siEock date collected
from 33 study sites on 10 streams in southeast Wycming. Result
indicated t inidits igi the HSI model accounted for ten
percent of the variation brown! EROUE population size . Holillowang

inirial test, individual BSI variables and other habitat v riables

b {
developed by the authors were regressed against standing stocks.

Ted

Statistically significant variables were then analyzed by wmultiple

regression technigues to develop a model ] the best possible

predictive capability with a minimum of

varizble model, including measures of cover, water velocity,
5 £l

z e

baseflow regime, accounted for € of the variacion in brown

trout standing stocks.
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Iniizecenti yeazc en rashexrzes managess havel shown
in the develormen eliable and feasible models
edicsion (off tEout ctamdingicrop. Wauschiand Parsens (1984
denta Saled 26 Mha b casimodellisthat ipredilctic tandinolc=0ops of i fash iy
iverine systems. Each model is based on water regime, geomorphologic,
and/or habitat characteristics with the majority utilizing measures of
erEsrelcime dasiipredi c tonSHoMcitandanclc=opi i Eor

dnstancelitche t commonly used model in Wyomingids the Wvoming Habitat

Oualatviilindex 8 (Bians 1 970 il Bann | s Modell i cix inceream habicat

variables and three water regime variables are rated and combined in a
multiple linear regression model to predict trout standing crop.
Certzin models, as didentified by Fausch and Parsons (1984), utilicz
only measures of geomorphology (Ziemer 1671, Burton and Wesche 1874, and
Wesche et 2l 1977) 08 Placcs (1979)  Lanka (in press), and othezs cor-
bined measures of both instream habizat and gecmorphology to assess
helofbiie Gepbaleiiols febelolel
Wesche (1980) published the W = sources Researc!
EEouEl covesiizatan
t=ont (52130 Ehee tnefdfencthiicf ioverneacd bank

gover en

Zacooz), iTelsulisedisn

SicEEeamsy

The Uriced States =Zich 2nd Widdlise Se=zac

derived two models which utilize measures of water

-
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by, the Cooperative

colllecaicnllof ceEputesipEoaEass

channel structure to physical habitat availabili

or predicted changes In water

- (Bovee and Milhous 1978, Bovee 1982).

Second, Habi

biyd e MU SEil eam (

their Habitat Evaluation Procedures (HZIP) (US

generally require the development of Sui

variables believed to be

other measures of species

models have been structured in

rameters, they all azre based on the assux

berween various physical and chemiczl
capacity. These models have been
both terrestrial zné aquatic; however, few

Zielid Gz,

worksnop on £

proceedings of a

(Tezrell
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used to relate changes in discha
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parameters ol

developed Zfor

the Wyoming
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based upon observed
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METHERS

An eight-step systematic approach was used
riverine ESI model performance and to develop
Each step is detailed below:
1L Determine the variables in the published

collected data are available.

Determine the variables in the published

southeastern Wvoming streams.

Develcp Suitability Index (SI) curves for model variables using

vozming data based upon two approaches, Maximum Performance (Lii et

al., 1984) and Average Level (Lavher and Maughan, 1984), and com-
to published curves using available data.

Determine the correlation between the publisned HSI model predic-

tions and field measured standing crops i pUpiished SiWetzvesg

(Rank correlaticns and linear regression used as test

both kg/ha and kg/km of brown trour used

cTop)

Deterzine correlations between the published model

velues

stepwise mulciple rec—ession,
hoa (gecme==iic imezn),
2z y dndex

detez=ine cortelations with stancing




Perform the above steps accounting for ¢
alzoenildispecies(@ssuming tha

dggmenate it mousiblomals Siealal s e

occur wathouticompetition)l.

Select the best HSI model using correlations with s

the sellecrionticriteria:

Data were collected at 33 differe
all located in southeast Wyoming and all predominated by
aturally-reproducing brown trour (with the exceptionSofPe lEons @riee ki

abundance in Pelton Creek was slightly e

(Salvelinus fontenalis). A descEintiiontioffedch isaise

-
19

oT more detailed descriptions of the study

Appendix il
the reader is referred to Wesche 1973, Wesche 1974, Wesche et
1980 and
this project were from many sources, the
concucted by the authors
utheast Wvozing (Wesche
and Wesche 1982
ined from the Wyvoming Game
Data System (WRDS) at the

the zesearch work wi 0 the development

base was provided

METE S d 3 25l angd, Enelitns
reach are detziled in Wesche
er: and Wesche 1982, Sufficienc

reach to enzble czhe




a data set from which the validity of the HSI mcdel for brewn 1 selonbl
proposed by Raleigh et al (1984), could be tested.

Fish population estimates for all study streams, with the exception
of the Encampment River study reaches, were derived by electrofiching;
utilizing the Delury Removal Method (Delury 1947 and 1951). Sodium
cvanide was employed to sample Encampment River sites under the
supervision of the Wyoming Game and Fish Department.

A data matrix consisting of habitat measurements from the 33 study
reaches was developed. Variables analyzed included 14 of the 18
required for the computation of the Brown Trout Riverine HSI Model
(Table 1). Additional variables analyzed are included within Tzble 2.

Table 2 includes as a habitat variable the Trout Cover Rating Model

-

for both small and large streams as developed by Wesche (1980). Also
included is rated cross-section velocity (RCSVEL) variable which rares
velocity i feet per second as follows:
(Poor) is < 0.10 m/sec or > 0.45 m/sec
(Moderate) ds > 0.10 m/sec end < 0.2 m/sec or > D.30 m/sec
and < 0.45 m/sec
28 (Optimum) 18 > :0.20 n/cec or < .0,30 m/sec
'his study rating classification was developed based upon the
officumve resulfing wnen cross-section veloecity was plotted against

EZOUE sl E=op. shing pressure each site wes

heavy to Doderzte to light based cn observaticns —ecerded during fielid

cdata collection and the availability of access to each site.

Suitability index ratings were derived by uedngirthe suitebai-ovy

index curves published by Raleigh et al. (1984). The corresponding

-~




VARIAELES FOR BRCWN

Averagze TaxiTum water texp.
Average paximum water tezp.
during embryo development

Average dissclved C,
Average Thalweg depth

Average velocity over-spawning areas
Percent cover during the

late growing season low
water periods

Average substrate size in
spawning areas

Percent of substrate (10-40 em)

Dominant substrate type

Average percent vegetat

Average percent rooted vegetation
MaxsoemioH

Average annual base?
cf Average Annual Dzi

low 2s a De-, ne

1y Tiow (ADV)

PoCiMclassii=cciing

Percen:

Percent of stream area shaded

nitrogen

FROUT RIVESINE MGDEL (SRS

S L e sl aa

e v
CORE TS

onm cToss-sectional

Data not available.

Considered % instream cover
in water 158 Ccn)@in depch
Derived ircm cross-seczional
data and corresponding sub
StTate informations

Data no: available.

Derived from cross-sec:tional
cransect data.

Derived from cross-sectional
data and analysis of phote-
Srédphs.

Considered percent deep water
habizac 30 co deprh. Derived
trom crosSs-section datz.

Derived Zrom study reach
photograpns.

O

aevelopec basec on gaged
StTeams of sizmilarlelevzcion
ancicheracerictiiccilillicaq
e:them larte sit=mer cr tinrex
low fiowvalues which ever
iowesz,

Dezavedis=caiscudvii=eacn
photogTaphs.

Derived from cross-secticnal
iNTCTDeToOn and i sudbscTate
Feconos:

Derived
PNOTOgTaps

Dessvedifxeniitivorsnpilasexs
rResearch Center ancd Wvcning
Game ancd Fish Depar:toen:
Tecordsuwnerelavailapie!




ADDITICL AL VARIABLEES L ANALSZSDEEOREACH

Desgcsyns cn

Pezcent substzate' (10-20 ca) wich
water at a depth L5 cm wesche,

Percent deep water habitat _ 45 ca wesche,
Percent bareground

Irout cover rating for small streams Wesche,
Irout cover rating for large streams Wesche,

Length of overhead bank cover divided

5

by length of of thalweg line through
chelsection ; wesche,

Area of rubble-boulder divided by
surface area Wesche,

Zime-of-travel reach veloci Wesche
’
HQILEESE | Binn's HOI rating for late summer
streamflow attribute Binns,
AQVEG Percent aquatic vegetation Binns, 1979 and Wesche
] g ) ’

FLOWVAR Average streamflow variation Binns, 1979

average
Binns, 1979

Average str id Platzs, et lal. 119E3
CVWIDTH CoeZficient variation of scream wicdth Hermansen and Krog, 1984
=R Average decth : 21 TOER

Coesfics varizzion of

Crossssecticnel velocity

Rated cross-seczional velocisy

Coe=Sacaentiiof vaziasion of velocity nsen and Krog, 19BL

Wicth/depth ratio 7 29e3

ercent gradient LPlace ‘ 98

SINU0S
FESHING

AASE Averzge annual summer base

Zlow expressed
as| apercentiof faverane cscnzsoc

AAWE Average annual winter base flow expressed
as a percent ol average Cischarze




Habiwat Sussabiiaityiiindexiconpuca sy HEbapleRIY lohaloi4ral (ood ibiie

sitapesiwe nelitnclud edaicEvardabi pment S(@abile

Data’ fior variables VZ (average maxioum water
expryo development), V5 (average velocity over spawmi fuzsin
spavning and eabryo development), V. (average size of

7

spawning areas) and V (annual maximal or minimal pH) were not avail-

2
able. As the brown trout populations involved were maEuEa ik

eproducing and water cuality conditions were near pristine at the stucy
sltes, it was assumed that model perZormance would not be effected
variables for which data were missing were gdventanfoptimaliisud tabiltisy
index rating
index curves were re-calibrated by L';l:z;ﬂg the

maximum performance and average value methods (Li et al. 1984) and

Layher and Maughan 1984).  The t 1 i was Tun.wizh the

Te-calibrated curves to compare with the results obtained when urili=ino

pletiand brcm
Visual inspection of nermality and rtesiduzl
Tedacisomibvis = o hilloc Saasioh regressi cn assuzpticns.

tions were used cmii sumEption WweEolation (Ezc 19740
Vazsabllesiicslan 2 SicopsilviicorTie lated (08 < 0.10)
were used
Boenhsshellt ce =aciescall iR clione
PSS) and the Biomedical Data Analysis Programs (EMDP) on t
University of Wyoming Cyber computer svstem were utilized for Tegressicn

analysis and ‘model testing and development.




¥ARIABESC NG BDED SAS RS BRFAB T I I A B R TGS AND WA B Rl SIS AR T e

SHEENRCEMERE ATRONS ORI BREWNE FROS R INE R (B MG Bl S

i

NEC A mme——A
BESGRETE 20

Index Rating for Variable 1 - Adults and Juveniles
Index ing for Variable seE Ry
Index ap Variable
Index : Variable
Index et f Variable
Index 1] £ Variable
Index - Variable
Index : Variable
Index ti = Variable
dndex#Racng Variable
Index Rating Variable
Suitability Index Rating Variable
Suitability Index ingZor Vazzable
Suitabilzey dndex i Variable
Stitabildity Index : Variabie
Suitabilisyiinoex : Variablie
Index ing for Veriable
Index 2 for Veriable
Sustebileyiingex Raz: for Variable
Sutabivsyiandex d Variable V.
Riverine Model juite s feliStacelGenpusacien
Riverine Model Juveniijeslls feriScage \Complzation
Riverine Model Tova e el Stape Comoucacion
Rivezinel Modelli-Nizmbevoill i feliSrape iComputation
Riverine Model (Ozher) Computz:ion
Ectal Cczpenen: Meshed
StoccEponen- i (=ooc) Mécrduse=aon
Subcomponent (Water Cuality) Cozpuzzcion

NCORSI Nonccmpensatory Optien Habitat Suitabilizy Index Cezputation

COHST Ccmpensazery Option Habitat Suitabilicy Index Cezputaticn
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Habata® Suitability Index (HST) Model perfiormanee is presented in
Table 4. Many of the model components were statisticallv significant
but generally accounted for less than ten percent of the variation in
standing stock. Suitability Index ra ings were redetermined using
re-calibrated field suitability index curves and model components were
recalculated, but performance of the model was not improved.

Only three original suitability index variables yielded ratings
significantly correlated with brown Eroui standing stock. These include

variables V., (Dominant Substrate Type), V (Average Annual Baseilow as

%

a percent of Average Daily Flow), and V

14

17 (Percent Shade). The regres-

sion equation for each significant variable is presented in Table 5.

TABLE 5. ORIGINAL SUITABTILITY INDEX VARIABLES OF SIGNIEICANCE

VARIABLE SIGNIFICANCE PROBABILITY RECRESSTONIECUATION

TS 0TS p = 0.02&4 o= 1 9 SE58 RN (S B30 0N
Ti= 0065 p = 0.00002 ivli=siell 6 OWiE S 208,583%
TR =R 045 bo) . Ya= =7l e 170.587X

y of the additionzl varizble hict analyzed (Tzble 2)
correlated significantl ith brown trouc stending stock a2t the p

ve ]

These variables are presented with their significance vzl

s I

educed in most cases when 1og trancformztions were used.
A multiple regression model was derived based on best accounted for

variation. This three variable equation included the Trout Cover Rating
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Adult L:fe Stage
Computation

Juveniie Life Stage
Computaticn

FeysLiifedStage
Corputaczion

Embrvo liaifeiStape
cmpucation

"Other" Ccmputation

Egual Co oponent Method
Rabita

Sui:abilit' Index
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EABEE 6 SIVART ABLSSENH EEH EEROLEDNS TG R RRGE

B e o T
REGRESSIO I SEUATION

y = 126.303 = (-29.370)X
y = 45.530 + 1.817X
y = 31.026 + .807%
Y = 29 803 « 35 3.L%
Y = 40.314 + 2.462X
yo® &5 770 i« 9Ea 075y
Yy = 9,905 + 117.854X

p = 0.042 =035 20 (102 J033

FLOWVAR pE=0. 051 Vill= N8 8 fe SO (00 1) X

HOIASWY ; p = 0.0005 20,2 55.135%
CVDEPTH : p = 0.0003 y : JEx
p = 0.040 ; 0.855%
p = 0.059 y = 100.835 - (-.834)X
p = 0.028 y = 118.759 + (-25.663)X

p = 0.005 Yo =i=062: 21 10 56T 8 03X




Model for larger streams (FERED S rated cross-cection veliocdtr (RESVEL)

and average annual baseflow as a percent of average annual eESUL il

(V14). The mathematical Eelatdonshspiaic expressediact follows::
Brown Trout (kg/Ha) = - 9047 + 65.1 761 + <9.6 RCSUEL « 186 80y ¢

44
This relationship was found to explain 63 percent of the accounted for

variation in brown trout standing crops.

/

DISCUSSION:

Study streams located in southeast Wyvoming provided an optinum
situation for testing and development Af riverine brown trout HSI models
for several reasons:

Each stream contained a naturally reproducing population of brown

|

trout;

There were no known water quality limitations;

Land use impacts on the watersheds were minimal; and,

There was relatively low fishing pressure on these streams compared

Lo most other states znd regionms.

Wnen habitat suitability index values were cozputed for each stream
reach using the stitability index curves published by Raleigh et al.
(1984), the HSI models accounted for only ten percent of the varizrionm
insbrown ‘trout :an&ing stock. - Model performance was not improved when
suitability index curves were modified to better reflect brownm t- uz

Zrom southeaste-n Wyoming. ' Therefore, acéizio

nalyzed 2 1 develcp a new regressicn mod

adequately predicted brown trout stancing stock. The mult T regres-

mode loped, containing instream and wateriresamel Uassaplies




widely recopnized asieritical for brown trour babitar, appears to be a
relatively accurateipredictor of standing stocks, accounting for 63
£

percent ol the variaticn in population levels for the southeas: Wvoming

study streams.

Parameter Measurement

The three variables which comprise the model are all rather easily
measured parameters which do not require lengthy field viedte or sophic-
ticated equipment. For an overall view of stream hHabitat evaluation
methods and techniques, the reader is directed to the manuals developed
by Bovee and Milhous (1978), Bovee (1982) and Plarts et al. QUEEE) S
following brief discussion outlines specific techniques for measuring
the three model variables.

= Ihe trout cover rating variable (TCRL) as published by Wesche

(1980) should be computed as follows:

i)

= length of overhead bank cover in the stucy sectiom having a

ter depth of ar leest 0,50 feer 2nd a width of 0.3 feer

through the section;

ez ‘cvernead bank covex (Valiue = 0.75

Az b = surface area of
Ereater

iameter or greater (i.e., -ubble and boulder) or a

substrate covered with aquatic vegetatior;

14




SAl= total stirface areaiofi the study section at the average
discharge, or at the flow worked;
PFr—b = preference factor for dinctream rubble-boulder-aquatic
vegetation areas; (Valve = 0.75 for fish > 6.0" and 0.2
e ialsil = @0 ¢
Ad = surface area of the study section having a water depth of 1.5
feet or greater regardless of substrate cr adjacent bankside
cover;
CR = cover rating value for the study section at the cischarge
worked. Cover ratings should be calculated foé fish less
than 6.0" in size and for fish greater than or equal to 6.0"
In siilz e STh e RGO shoula then be averaged to derive z mean
trout cover rating for the stream study section.
The TCRL variable can be used for any size streZm when
incorporating it into the proposed regression model. Measurements should
be made at late summer low-flow.

Severzl accurate, vet eZficienz, methods czn be used to dere-mine

RCSVEL, rated cross-sectional Vellocalcvo M S alic e R el me b er b ooy - sl =
2ble, 2 cischarge measurement can be made atr one of the study site
transects following stancdard U.S. Geological Surveyw. procedures as
described by Buchanan and Somers (1969). Once cilcchanoe ROt olion e
Tucy site Is known and width and depth measurements have been taken 2=
EEonSeEnSito de:er:iné Erpsc=ceasslon s o n ool

uation can be used to determine cross-sectionzl elligeaavi(

GEehcect:

2
E

GS VT




CSVEL values can then be averaged to determine
can then be rated as poor, mocerate or OpiE

system presented earlier in this repor:.

A second gquicker and less equipment-Intensive method for determin-
ing ' RESVEL woulld bel to apply the float method developed bYiiWeschetec ol
(1983). Developed for use in steep, rough, low-crcer tributary streams,
this method requires Simplivaithat s aln'e ncisl through the study
site. The site length is then divided Dy el Eeime determine
float wvelocity (VF)' This value 1s then intoltne i foldowing

Tregression equation to determine mean CSVEL:

Mean ESVELE==010 0N H0 146 VF

Mean CSVZIL is then rated as described above.

To derive va-iable V either late summer or winter low streamlov

4°

values should be derived Zrom gaging station records. Whnichever vaiue
is lowest should be expressed as a percent of average ann

(ADF) 2nd used

oz i viesiobilie V14

»recc:ds Soriizne STtudy stream not exist, rececrds

sizmilar watershed could be used or escimzzion procedures could be

followed as outlined by standarzd hydrology zexts.

The ::-:i.le TegTession model develcped

the Trout Cover Razinp g Model (Wesche,

Model (Binps, 1979) a=n




trout (Raleigh et al., 1984). There can be little dioubti i asitdiscusced
below, that the three variables in the model, cover, water velocd v and
baseflow, are crirical physical parameters which can influence browmn
troutiproduction.  Alse, i through inclusion of the TGRL e thod,Mnccion v
s available cover quantified, but other important habitat characteris—
tics are integrated into the model as well. These include water depth,
substrate characteristics, presence of 2quaticivecetation, SEream widEh
surface area, and streambank characteristics.

:The importance of cover as a habitat variable is SEressed by its

inclusion in the three published habitat evaluation models listed above

as well as in the PHABSIM model of the CIFSG (Bovee, 1982). As stated

by Raleigh (1984):
"Cover is recognized as one of the essential components

of trout streams. Adult brown trout seek cover mcre than any
other trout species. Boussu (1954) was able to increase the
number and weight of brown trout in stream sections by adding
izl brusnh cover. Numbers di wenloh Sgipecaintlo
were decreased when brush cover znd undercu
banks were eliminated. lewis (1969) reported tha:t the zmount
of cover in determining the number of trout in
SEcTEoRSoE ! ez Goverd foE aa Ul t  brown ie=out
strezm bottcm where the velocity

ieast 15 oz, o VWeschne (1980) feporred
larger stTeams, the zbundance o brown trout

increased with depth; mest were at depths

Sable River, Michigan, adult brown trout preferred




cover @ty lower ‘water column depth 'to cover nearer theMs o
cover with ractile stimulue, and ecover vith the lleast liloht
(DeVore and White 1978).

Escape cover is provided by overhanging and submerged
vegetation; undercut banks; instream objects, such as debris
piles, logs, and large rocks; and pool depth or surface tur-
bulence. A cover area of > 35 percent of ithe total ‘stream
area provides adequate cover for adult brown EEout S e ma in
use of summer cover is probably for predator:avoidance and
resting.!

When regressed individually against brown trou

the southeast Wyoming study sites, TCRL was found to e

percent of the variation in population size. A component o
WAT45 (surface zrez having depths greater than 45 cm divided by
surface area) accounted for 14 percent of the variation, thus indicating

he importance of water depth as cover in ti regulation of brown

populztions.
The role of water Meidiocasvilainiehie I environmen
(Eaynes, 1970).
ECe=mininpic s
izporzant food source
sz lcoimascfected 5
S rroduced per unit zrea (Ruscnes B CTEN e nc e d oo
Vel ocdtrhies 5 Tate between the organism and
and food

73). Numerous stucies have been conducted which




to the number of invertebrates procuced (e.g. Kennedy, 1967; Needham arnd
‘singer, 1956; Kimbel and Wesche, 12 Weloe ey Aoy dgugtaicBiniclelets
are also closely related in another wav, ; in the'delivery of
food to the fish by the mechanism of "dr: According to Waters
(1969), Chapman (1966), and Good (1974), a positive correlaticn exists
between velocity and the guantity of i the \drifn,

Water velocity serves an important role in the provision and
maintenance of spawning and egg incubation habitat for brown trout

1973; Reiser and Wesche, 1977) .  Sufficient

velocity is needed to prevent the accumulation of fine sediment within
the spawning gravels as well as to provide a suitable supply of oxygen
to the eggs. Also, water velocity can play a critica function in terms
O temperature regulation in the stream environment, ice formation
processes, and the transport of contaminants through the %ystem (Hynes,

197,008

D

Water velocity, as measured by RCSVZL, . accounted for 26 Dercent of
populetion verizzion among the study sites when regressed
individually agezinst standing stock.
The increasing cdncern over the past 15 to 20 vears for maintzining
stream Ilow levels for fisheries purposes lends credence
of average
D= =he developed model (Staizaker and Zznette SRCTE:
2980). NKumerous investigators have described
can occur as basellow levels zre Seduced (e o wesche,
R 1976); while Burton and Wesche (1974) studied the

various baseflow levels in a variety of brown srout streams

‘and found that those streams with higher baseflows present for longer

3,




gEleld e Ylib o N Rt et

9
4)

>~
<

durations during the summer supported
thied

populations. Also, both Binns (1979) and Ralledtahifte o] S @105
dfdcient “mporrorice to dndlude ttiin

consicered baseflow of su
14

habitat models.
Regressed individually against brown trout standing stock, V
site populations.

accounted for 42 percent of the variation in study

BEorthe

ialze

gl
&

Avrlication of Develovped Model
e

1t is recommended that a two stage approach be u

modelling of brown trout habitat quality in riverine systems. Th
EACEOnS

temperature and other parameters deemed
&0

first stage would be to assess water quality-related limiting

such as dissolved oxygen, pH,
important (e.g., heavy metals and other possible contaminants)
ream(s). These

the

determine if brown trout can survive in the SEiahy e

parameters can be evaluated according to guidelines established by
appropriate State

Environmental Protection Agency (EPA, 1973) or the
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water quality agency.
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APPENDLY. 1
DESCRITTION OF STUDY SITES

S'udy'Arca

Location

FirvatTon Average

Ahove MSL Dafly Flow
feet cls

(meters) (Cum/sec)

Fiow Channel Channel

Sampled Length Width

Date cfs feet feet
Sampled (Cum/sec) (meters) (meters)

Surface Area
Sampled
S die

(sq..m.)

Fish Speciec
Sarpled

Douplas
Creek ?1

S9,TIn0 ROW
0.5 milee betow
Rob Rov Reservolr

9300 31
(2835) (0.88)

Aug. 23, 3 680 10-33
1973 (0.11) (207) (3-10)

10,800
(1003)

Brewn Irout gons sy
Brook Ircus @)
Fainbow Troue ( 3%)
Longnose Suckers

Douglas
Creek #2

S15,T13N,R79W
1.5 miles helew
mouth of lLake Creck

8160 S0
(2579) (estimated)
(1.42)

30
(0.85)

Brown Trout (@0
Pronk Tieut (11%v)
Longnose Dace

Douglas
Creek 13

S15.T12aN RYOW
1.5 miles beleow
mouth cf Lake Creck

50
(estimated)
(1.62)

July o
1974

Brown Irout (P7%)
Brock Treut (11x)
Rainbow Treur ( 22)

Longnnee & White Suckers

Longnose Dace

Douplas
Creck #4

Same as above

RuAKS Unknown
(2574)

July 10,
1974

11,530
(1071)

Brown Trent (70%)
Rrock Ireut (30%)
Longnnse Dace

bou[lns
Creek #5

S16,T13N, R79W
0.3 miles below
Douglas Creck #3

S0
(estimated)
(1.42)

Rrown Trout
Brook Treut

Douglas
Creek 46

$19,71138,R79u
0.7 miles beleow
mouth of Felton Gk,

78.7
(2.23)

12,600
(1263)

Rr~wr Trout (972
Rainbew Tremt ( 2%)
Brown Irout (Gl

Douplas
Creek £7

S19,T13K RI9W
0.8 miles helow
mouth of Pelten Ck.

Brown Trout (90%)
Br~ok Trout (3%
Rainbow Trout ( 7%)
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APFPENDIX 1

DESCRIPTION OF SIUDY SITES (cont.)

Study Area

. Location

Elevation
Above MSL
feet
(meters)

Average

Dafly Flow

cfs
(Cun/sec)

Flow Channel
Sampled Length

feet
(meters)

Date

cfs
Sampled (Cum/sec)

Channel Surface Krea

Width Sampled
feet sqrife

(meters) (sq. m.)

Fish Species
Sampled

Hog Park

Creek #1

$9,T12N,RBLW
1.4 ofles below
Hog Park Reservoir

8310
(2533)

27
(0.76)

Lhug. 29, 35S 620

1973 (0.10) (189)

8-31 12,622
(2-9) (1173)

Brown 1ront (61%)
Brook Trout (37%)
Rainbow Trout ( 7%)

Hog Park
Creek #2

§9,T12N RBLW
1.5 miles below
Hog Park Reservolr

Aug .10
1975

8,308
(172)

Brown Trout (92%)
Brook Trout ( 8%)

Hog Park
Creek #3

§9,T12N, R8LY
1.5 miles below
NHog Park Reservoir

8270
(2521)

27
(0.76)

Auvg. &,
1975

7,196
(669)

Brown Trout  (90%)
Brook Trout (E3N)
Rainbow Trout ( 7%)

Hog Park
Creek #4

S§10,T12N,RRLW
Just above Mouth

8250
(2515)

45
(est.)
(1%27)

Aug. 25,
1976

10,300
(957) «

Brown Trout  (97%)
Brook Trout  ( 3%)

Hog Park
Creek ¢5

$10,T12N,RRHW
Just above Mouth

8245
(2513)

45
(est.)
{1.27)

Aug. 25,
1976

7,812
(726)

Brown Trout (92v)
Brook Trout (%)
Rainbow Trout ( S%)

South Fork
Hog Park
Creek 71

$9,T12N,RBLW
Just above Houth

8280
(2524)

15 to 20
(est.)
(0.4-0.6)

Sept. 8,
1976

7,114
(661)

Brown Irout (62%)
Brook Trout (37%)
Rainbow Trout ( 1%)

South Fork
Hog Park #2

S9,T12N,RB4W
Just above Mouth

8275
(2522)

15 to 20
(est.)
(0.4-0.6)

Sept. 8,
1976

22l
(661)

Brown Trout (66%)
Brook Trout  (34%)

Lake Creek f1

$16,T13N, R79W
near Mouth

8540
(2603)

10
(est.)
(0.28)

June 30,
1975

5,067
(L11)

Brown Trout (82%)
Brook Trout (18%)
Longnose Suckers




APPENDIX 1
DESCRIPTION OF STUDY SITES (cont.)

Study Area

Location

ETevatTon
Above MSL
feet
(meters)

Average Fiow Channel

Datly Flow Sampled Length
cfs Date cls feet

(Cum/sec) Sampled (Cun/sec) (meters)

Channel
Wideh
feet
(meters)

Surface Area
Sampled
$q. fr.

(sq. m.)

Fish Species
Sampled

Lake Creek #2

S16,T13N,R79W
near Mouth

July 1, 8
1980 (0.23)

5,958
(553)

Brown Trout (79%)
Brook Trout (20%)
Kainbow Trout ( 1%)
Longnose Suckers
Longnose Dace

Creek Chub

Deer Creek #}

S12,T3IN,R77W

19 miles upstream
from town of
Glenrock, WY

6500
(1981)

34-68
(10-21)

27,000
(2508)

Brown Trout  (67%)
Rainbow Trout (33%)
White Suckers

Creek Chub
Longnose Dace

Deer Creek #2

$7,T32N,R76W
11 miles above town
of Glenrock, WY

at Fleld's
Campgrounds

Unknown

24,500
(2276)

Brown Trout (67%)

Rainbow Irout (33%)

Longnose & White
Suckers

Creek Chubs

Longnose Dace

Little
Leramie
River #1

S)1 and 2
TI5N,R77W

7580
(2310)

25-48
(8-15)

11,420
(1061)

Brown Trout (100%)
Longnose Suckers
Longnose Dace

Little
Laramie
River #2

S1 and 2
T15N,R77W

7580
(231)

2L-48
£2+15)

8,110
(753)

Brown Trout (100%)
Longnose Suckers
White Suckers

Laramie
River 21

S15,T12N,R7 W
At Bosvell Ranch
near Jelm, WY

7680
(2341)

LO-54
(12-16)

18,000
(1672)

Brown Trout (100%)
Longnose Suckers

Laramie
River #2

S15,T12N, R77W
At Bosvell Ranch
near Jelm, WY

7675
(2339)

45-66
(14-20)

23,230
(2344)

Brown Trout (100%)
Longnose Dace
Longnose Suckers




DESCRIFTION OF STUDY SITES (cont.)

ATPENDIX 1

Study Ares

Location

Elevation
Above MSL
feet
(meters)

Average
Dafly Flow
cfs
(Cum/sec)

Date
Sampled

Flow
Sampled
cfs
. (Cum/sec)

Channel

Length
feet

(meters)

Channel
Width
feet
(meters)

Surface Area
Sampled
$qLEfie

(sq. m,)

Fish Species
Sampled

Laramie
River #3

S15,T12N,R7 W
At Boswell Ranch
near Jelm, Wy

Sept 27

1975

L0-72
(12-72)

23,088
(2145)

Brown Trout (98%)
Rainbow Trout ( 2%)
Longnose Dace
Longnose Suckers

Laramie
River #4

S36,T14N R77W
Just below
Pioneer Canal

13,798
(1282)

Brown Trout (100%)
Longnose Dace
Longnose Suckers
White Suckers

Laramie
River #5

$28,TI5N,R74W
Approx. 7 miles
west of Laramie, WY

38-16
(12-14)

21,591
(2007)

Brown Trout (100%)
Longnose Dace
Creek Chubs
Common Shiners
Sand Shiners
White Suckers
Longnose Suckers
Fatheads

Laramie
River #6

§28,T1SN, R7LW
Arprox., 7 miles
west of Laramie, WY

7170
(2185)

Unknown

-51
(10-16)

13,766
(1280)

Brown Trout (100%)

Encampment
River #1

S3,T12N,RBLW
Just above
Olson Creek

8180
(2493)

L0-72
(12-22)

17,621
(1637)

Brown Trout (98%)
Rainbow Trout ( 2%)

Encampment
River #2

S3,T12N,RBLW
just above
Olson Creek

8175
(2692)

3u-68
(10-21)

20,679
(1921)

Brown Trout (95%);
Brook Trout ( u%)
Rainbow Trout ( 1%)

Encampment
River #3

S$3,T12N,RBLW
Just above
Olson Creek

8170
(2490)

8,562
(795)

Brown Trout (99%)
Rainbow Irout ( 1%)




T

Study Area

Pelton Creek #)

-

Pelton Creek #2

Horse Creek #1

Horse Creek #2

Location

$29,T13N,R79W
1 mile above
Houth

$29,T13N,R79W
1 mile above
Mouth

$28,T17N,R70W

528, T17N,R70W

S APPENDIX 1
DESCRIPTION OF Stupy SITES (cont.)
evation verage low annel Surface Area
Above MSL, % Dafly Flow Sampled i Width Sampled
feet f fect sq- fe. Fish Specfes

cfs
(meters) (Cum/sec) (meters) (sq. m.) Sampled

8300 Brook Trout (524)
(2530) Brown Trout (u8y)
Creek Chub
White Suckers
Longnose Suckers

8300 Brook Trout (suy)
(2530) Brown Trout (46%)
White Suckers

6990 Unknown Brown Trout (83%)
(2130) i (0.05) Brook Trout (17v)
7/20/81

7040 Unknown 2 Brown Trout (58%)
(2145) (0.055) Brook Trout (293)
7/21/81 Rainbow Trout (13%)




