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ABBTRACT

This study was conducted to evaluate the validirey of  the
wetted perimeter/inflection point method of recommending instreas

discharge for salmonids in swall streams. Specific objisctives

were to test the hypotheses that: 1. galmonid abundance in
small streams is regulated by low summer flow, Z. decreases in

flow and flow related veductiocns in thabitat avallability are
accompanied by decreases in trout abundance, 3. average riffle
wetted perimetser can be used as a general index of adult salmonid
habitat suitabilicy in small streams, and 4. rTeduction of flow
during winter vresults in habltat related changes 1dn treunt
distribution, behavior and abundance.

ield studies were conducted on three sections ¢f a small

BET&AM. Disgcharge in two study sections was severely reduced by
irrigation iversionsg while dischavrge in the third section was

anot artifically altered. Wild rainhow trout numbers and blomasse
were incressed 1in each sectlon during relatively high flow.
Emigration response of trout was compared to vrveductiocns din
discharge and flow related habltat parameters in each zection wia
upstream and downsiream LTaps. Behavioral response of rvainbow
tvout to a decrease in winter discharge was observed im  an
arzificial chasnnel.

Compatiscns of pre-study rainbow trout demsities in alteved
and unalitered sections of Buby Creek indicate that summer flow
has a regulating influence on trout numbers and blomass In this

stream. During our study, however, rainbow trout demsities weve



not reduced to pre-study levels in zny study section. This may
indicate that the populationsg are ultimately limited by factors
cther than Low summey flow, that the experiment was not conductied
over a long encugh time pericd to observe a totftal response or
that social tolerance was altered by initial stocking densities.
Rainbow trout abundance and blomass decvreased as flow
decreased 1n all study sections. Emigration from the two study
gecrions iInfluenced by lrrigatiocn diversion correlated better
with average daily £flow than emigration from the naturzl flow
gection. Hesponse of experimental trout populatiocns to
reductions din flow was not inwmediate 1o two of the thrse sireawn
gsecilons. An 11 day lag iluncreased correlations between fish
number and low from 0.185 to 0.%% in the pool-riffle reduced
flow secyion, while a2 15 dav lag in the viffle-~vun unaltered flow
section increased the correlation from $.0% to .72, Emigration
from all study ssctions was primavrily dn zn upstreanm divection.
Wetted perimeter was nob a consistent dndex of sumner
habitatr sultability for rainbow zrout in Ruby CLreek. in the
pool-riifle section, wetted perimeter was highly corrvelated with
trout numbers and biomass znd the inflection point on the wetted
perimeter curve correspondsd closely with ihg flow at which rat
of trout emigratiocn increased substantially. fCorrelaticon between
riffle wetted pevimseter and trout numbers 1in the fwo run-riffle
sections wWag poor. In one vun-viffle secticn the wetted
perimeter dnflection opoint corrvesponded to a8 £flovw which would

subsrantially underestimate the flow we observed to e optimum.
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In tha other vun~viffle section, which had two weited perimetsr
infiection points, one would overestimate the optimum summer Flow
while the second would slightly underestimate that optimum.

Most habltat varlables evaluated wers highly correlated with
one ancther as well as with £low. Hainbow trout emigration
increased in each of the three study sections 88 iaoitial
discharge was reduced 30 to 407%. Empirical evaluation of plots

o0f percentage change In each habitat and wetted perimetery

o

variable with percentage change in flow indicated that onlvy tfwo
variasbles changed in & pattero similar fo percentage change in
trout naumbersg and biomass. These wvariables were the longest
continuous average viffle top width associated with depth > 13 cm
{WHAXY and total aversges viffle top width with this depth
characteristic {(WIGTS.

HMean trouit length decreased in the two reduced filow sections
while  mean weight and coundition decreased in all study sections.
Decrease fn mean length was due to larger fish bheing wmore
affected by rveduced flow than smalley fish. Decrease in
condltion may have been due toe suboptlional food supply and/or  to
gocial dingerscilons. Since emigrating trout of all size groups
had only siightly lower gondition factors than those remaining
until  the end of the study, there was no sitrong indlication that
food rather than flow related habltat changes had elicited the
obasrved emigration rsgponss.

Beduced flow experiments in artifical chanpels during winter

{temperature Z-4 () indicated that rvalinbow troutr prefsrred the

£



deepest, slowest wmoviag water in the chanpel. FPool habhitat in

the test channel provided asdeguate winter habitat for rainbow

trout at test dischavrges.
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INTRODUCTION

Water demand for agricultural, isndustrial, and domestic use
has dramaticslly increassd in the western United States. This
nas resulted in partial or total dewatering of wmany trout
streams. To protect stream fisheries, biclogists must be able
to provide vreldiable instrean flow recommendations. HMethods of
recommending adequate instream f£lows for aquatic life range from
subjective Inference, based on litztle or no fiasld data, o
detailed gquantification and interpolation of the gcological
reguirements of the species of concern. The assumption of a
habitat—-standing CTCD relationship is impidiciz o all
methodologies.

Seversgl imvestigators have found corvelations berween
physical habitat parameters and fish numbers and blomass 4in
streams (Wesche 1974, Nickelson 1976, Nickelson and Reisenbichler
1977,  Hickelson and Hafele 1978, White et z2l. 1381, and ¥Nelson
1980). Wesche {1974) examined the relationship between discharge
and trout cover by devising an equaticn to rate and COmpare cover
o a2 stream section at different flow Eev&1s§ and different
stream sections at the same flow lavel. He found that availabls
trout cover ia pool-riffle type channels decreased at ths
greatest rate for discharge veducticns between 25 and 179 averags
dally flow {Figure 13. Verification of Wesche's cover ratiag
system a&s an indicator of standing crop of trout {broewn, broock

and rainbew) was made by comparing biomass estimates and cover
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ratings in 1% study sareas (Figure 23. Based upon this
relationshlp, 1t appeavs that Wesche’s mean cover rating values
do serve as a relatively good indicator of standing crop of trout
present Iin variscus stresm secitions. Howeaver, Hesche did find
some large discrepancies. He explained these lanconsistencies by
pointing oui that the avallablility of cover is only one facior
ldmiting trout populations. Wesche's rating svstem does not take
into consideration such factors as wafter chemistry, water
temperature, the availability of spawning and food oproducing
areas, the flow rvegime thyough the sections, aund zngler~caused

mortality. Wesche did not relate changes 1o cover to changes in

£

biomass over & range of flows in one stress.

Nickelson and Hafele (1978) approached the problem of
estimating the effects of stream discharge on standing crep by
developing wmodels which vpredict =2almonid standing eres from
measurements of selected streanm habitat parvameters. For luvenils
cohoe  salmon, pool wvelume was found to sxzplain 93Z of the
variatcion in  biomass {(Figure 3}- Cauzthroat and Juvenile
steslhead +trout required other parameters to explaln standing
crop variastion. For these species, models were developed which
compute 2 habltat gquality zationg. This vating is the product of a
cover value, a velocity preference facitor and the werted ares of
the study section. The developed nmodels explain %1% and 79% of
cutthroat and juvenile sgteslhead frout standing crope,
respectively (Figures 4 and 5). These models were developed from

data collectad on eftresme 1o which fish populations ware helieved
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to bBs at or near maximum Ffor the avallable habitat during the low
flow period. Az in Wesche's tessarch, not all sitrveams studied
showed good correlation between computed habitat quality and
ohsarved standing crop. For these streams 1% was suggested that

ted standing

fotis

factors other than rearing habitat may have l1im
crop, or that rearing potential during the low flow perlod was
determined by habitat factove not included in the models.

Nickelson (1978} examined the effects of altered discharge
within a single experimental stream in 1975 and 1976. In 1975,
he calculated habitat guality vatings for siz study sectionsg at
three flow levels and his model explained 72% of the variation in
coho salmon biomass of the sections. However, Nickelson obtained
inconsistent results in a repeat of these studies in 1976. VWhere
he observed a relativly good cerrelation between Juvenil coho
gsalmon biomass and habitatr guality in 1973, s8uch a vrelationship
was nonexistant in 19%746.

1981Y examined the responss of Juvenlle

s

White et ai-.
vainboew—stealhead trout to flow related changes in hablitat during
gspring, summer and fall. Tests were conducted in twe large,
near-natural artificial stream channsls with run-viffle channel
configurations. One channel was maiotained at censtant
discharge, while flow in the second channel was ilncrementally
reduced. A1l flow reduction tests resulted in decresased numbars
and hiomass of Juvenile rainbow—stealhead trout. Since

availability of food corganisms in the drift was not decreased

subsrantially gxcepl at the lowest discharges testsad, juvenile
¥ P g 3
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rainbow-asteelhead trowt apparventiy vesponded o changes in

phyaical hablitar paramsters rathery than decreased food

avalilabilizy. The relationshly between hydraulle parameters and
response of experimental fish was alsc exanmined. Valoclty was
found to be most affescted by veduced flow followed by depth,
surface area and wetied perimeter. Ho single hydraulic parameter
could counsistently be related to the response of test  fish.
Changes 1n cover with decreased fleow asppeaved to have a dominant
influence o1 juvenile rainbow~-steeihead trout habizat
utilization.

Melson {1980} found a2 good c¢correlaticn between annual
variation In the standing crop of adult trout and annual flow
variaztion in reaches of the Madison, Beavervhead, @allatin and

Bighole rivaers. For exampie, Thigher estimates of trout numbers

and blomass were asscciated with vears of hilgher dally average

flow {Table 1}. Floews of the HMadison BRiver ave primavily
raegulated by Hebgzen HReservoir, which stores watey for
hydroslectric power gensration. Prior to 1968, water storage

policy created extremely low flows in the Madison River during
the 1late winter and early spring. iftey 1968, water storage

olicy was changed such that flows were increasad during this

i

period. Aithough other factors, such as fishing mortality and
elevated summar temperatures, could have limited the population,
Helson considered flow during the 12 months preceding ths

population estimate the overrldiag factor controlling the fish

i

population. Trout population rvesponse to annual flow variation
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wag similay ia other large rivers studied.

Nelsgon (1380} evaluated the adequacy of four methodologies
for rvecommending instream flow. He found that the wetted
perimeter/inflection point method provided acceptable absolute

minimum flow recommendations when compavred to long term standing

crop flow rvelationships. Based on Helson's studvy the Montana

H

Department of Fish, Wildlife and Parks (MDFWYPY chose rvifflie
wetted perimeter as the preferred method for recommending minimunm
flows for Montans streams. The wetted perimeter/inflection point
wethod assumes that & stream’s trout carrving capacity 1is
proportional to iLits food production area, which is in turn
proportional to the viffle wetted perimeter {(HMDFWP 1881). &
wetted 9perimetesr~habitat relationship coulid also axist as wetted
perimeter is 2 “"bottom” measurement and aduli trout are primarily
eriented to the river bottom. Rifflesg are also the most affected
by flow reductions. It was assumed that 1f 2 given flow provided
adequate fish habitat and food production in riffles, more than
adeguate habltat and food woeuld be availlable 4in the runs and
pools.

The wetted perimeter/inflection point method uses the wetted

pevimeter~discharge relationship for ri

gy

fie cross—-sections to
derive flow recommendations. Wetted pavimeter is the distance
along the bottom and sides of a channel crossz-section 1n contact
with the water {Figurs &). As discharge decreasszs, weited

perimeter decreasses, but net at 2 constant rate. Starting with

zero flow, wetted perimeter inmcreases rapidly up to the point
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where the stream chanuel nears 1¢s maximum width. Beyond this
point, wetied perimster dincrezses less rapidly as discharge
increases. Points on wetted perimster—discharge curves whers
there are abrupt changes Ila wetted perimeter with small changes
in digscharge, arve rveferved o as inflectilon points {Flgure 73,
There are generally one ov two Inflection points, despending on
the channel CYOES segction morphologyv. Instrean flow
recommendations are made by averaging wetted perimeters from 3 to
10 riffle transects and plotting them against discharge. When
there is only one inflection point, the corresponding flow is
seiected as the low flovw rvecomnmendation. When there are two
inflection points, the method provides a range of flows {between
the lower and wupper Iinflection points) from which a single
instream flow can be rvecommendsd. According teo Helscn {19837
“flows below the lower Inflection point are Judged undesirable
based on theilr probable lmpacts on food wroduction, bank cover
and spawning end rearing habltat, while flows exceeding the uppsy
inflection point ave considered to provide & nesy optimal habitat
for fish. The lower and upper inflection soinits are belisved to
bracket those flows needed fo maintaln the low and high levels of
aguatiec habita?r potential.”

The wetted perimeter~discharge curve for esach riffle cross-
section is derived using 8 wetted perimeter computer model (WETP)
developed by the MDFWP (¥elson, 1%83). The WETP wmodel uses 2 to
10 setz of water suvface slevations surveved at differen:t known

discharges at each c¢crosa-section. Water suvrface elevations
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Figure 7. The relationship between wetted perimeter and flow for
a typlcal riffle cross section.
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{stages} are then used to establish a least-squared fit of log-
stage versus log-discharge. This rating curve, coupled with =&
surveved c¢ross-sscitional profile, dis all that 1s needed o
predict the wetted perimeter for sach flow of interest.

The wetted perimeter/inflection point methed is opresently
being zppiied to all Montana streams, although its reliability on
small streams has not heen demonstrated. The goal of this study
was to examins zhe.valiéity of the weited perimeter/inflection
polat method of recommending miniwmum dostresm discharge for swmall
BLERAHS - Objectives of the study were to test the following
hypotheses: 1. salmonid abundance In emall streams i3 regulated
by  low summer flow, 2. decreases in flow and flow relatsd
reductione in habitat availability are accompanied by decreages
in trout abundance, 3. average rviffle wetted perimeter can be
usged as 2 generval index of adult salmonld habitar suitabiliity in
small streans, and 4. veduction of flow during winter results

in hablrat related changes in trout distribution, behaviocr and

abundance.



BESCRIPTION OF STUDY AREA

Field studies were conducted on Ruby Creek, 1in Madlisgon
County Montana (T9%, R1W, Sec. 10-1Z2, Figure £). Ruby Creek, a
rributary of the Madison River, flows down the east slope of the

Gravelly Mountains. Elevation of the drainage ranges from 1682 =
2

&

e 2682 m. The Ruby Creek drainage encompasses about £8% km and
thas annual precipition of 33 cm.

Ruby Cresk was chogen as the study ares because: 1. the
stream was of small size {less than 1400 iiters/sec {50 cfs)

average annual discharge) which allowed efficient elecirefishing

and permitted construction of semipermanent £iah welrs, 2. the
strean had adegquats figh populations for experimental
supplementation of the study gsections, 3. rainbow trout {(Sazimo

gairdneri) was the predominant fish species, 4. there was light
fishing pressure, and 5. suceessive drrigaticn diversions
provided different reduced discharges in two sections of the
straanm.

Three study sections, numbered consecutively ium an upsirean
direction, were established along the course of Rubvy Cresk.
Sections were located 0.64 km, 2.54 ke and 3.3%4 km  above the
mouth. Sections 2 and 1 were below successive irrigation
diversions while section 3 was above diversions and had 1o
artificael flow conirel. Study sections differed im length,
gradient, average width, sinucsity, and substrate composition
{Table 23.

Bghavioral sarudise were conducted im artificdisl sLream



SBECTION 1

| SECTION 2
SECTION 3

Figure 8. 1Location of study sectlions and irrigation diversions
on Ruby Creek, Hontans, 198Z.



Table 2. General desgription of study sections, Ruby Creek,
Monrana.

Thalweg Predominant
Distance Gradient Average Sinuosizy Substrats
Section {m) {per/100x)} Widehia) Composition
H 123.7 2.2 2.48 1.29 8-20 cm
2 106 .7 1.8 3.14 1.22 B8~20 cm

fad

133.1 1.3 4.12 1.41 4~15 o




hannels counstructed at the Bozeman Filsgh Culiural Development
Centar. The artificial stream channels allowed viewing response

af test fish to veductiocns in flow In iffle, run and gpocl

habhitats.
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n habitatl
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Response of rainbow trout to flow related changes
was evaluated by placing a welr and box trap &t the upstreanm and
downstreanm ends of three sections of Ruby Creekx {(Figure 9). The

2

Y~ghaped welrs weve constructed of 1.3 ¢m mesh bhardware c¢lotih
supported vertically by stesl fence posts. After the weirs and
traps were in place, resident fish were vemoved from each study
section by electrofishing with a 110 V DL bankshocking unit.
Begsident vainbow trout >100 mm were then combined with resident
vainbow frout electrofished from Ruby Creek above the study
sections and stocked in experimental sections (177, 141, and 140
ware atocked in secticne 1 (123.7 m lengy, 2 {(106.7 mw long), and
2 {133.% ®» long), respectively). Before stocking, fish total
length, measured tfo the nsgarest millimeter, and weight, to the
nearest gram, were vacorded. Resldent and supplemental fish ware
marked with diffarent pelvic clips. Bxperimental fish were held
in live buckets until they recovered from handling and were then
released in the wmiddle of study secitlions.

Fish were allowed to acelimacte Lo test sections for & davs,

during which time 211 emigrsnis were veturned o the study

1y
ik

o

gsections. During the acclimastion peviod, the numbsr of is
captured in the traps declined. Fish gcaptured in the traps alter

the acelimation pericd were measured znd checked for marks befors
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being Treleased below sections 1 and 2, z2nd above section 3.
Abundance of fish remaining in the study sections was determined
as the difference between the total cumulative trap counts and
the 4ntial number and biomass of fish stocked inte the sections
at the gtart of the study. At the end of the 63 day experiment
(July 17-September 17}, fish remaining in the study sections were
removed by multiple pass electrofishing on Z consecutive davs.
Length and conditlion factors of fish emigrating from the study
sections and flow grouped to the nearest 28 liters/sec (1 «¢fs)
were regressed to determine if there was a differential size
response in the experimental fish to decreases in flow.
Bistributions of condition factors, weights and lengths of the
experimental fish before and aftrer the study wevre statistically
compared. Counditlon facters were computed using the eguation:

5 3
¥= welght x 10 /length

Habhitat Evaluation

Physical characteristics of the study sections {depth,
velocity, and channel width)} were mapped at four discharges in
sections 1 and 2 and at two discharges in sectiomn 3. Habitat
eross sections were established perpendicular to the flow at 24
n intervals and marked with wooden stakes on sach bank. Study
sections i and 2 contained 54 and 43 Cross sectlons,

respectively; 32 crosgs sectlons were establisghed in sesction 3. A

mappin baseline wase established by recording the distance and
¥ 5 L



headstakes. The mapping

[
o
I

compass beaving betwsen oross ssect
datas were then scaled and transferved tfo paper. The distance
from the cross sectiop headstakes to the water's sedge was
recorded at diffevrent flows {nearest (.01 m) a2t each cross
section. Avound each <¢ross sectlion linear length of strezmbed
baving overbanging plant materisl or overbanging bank wWa s
measured as well as the distance from this sverhead materlal te
the water surface and itz pevpendicular width over the water
surface. Hiabitat areas measured were scaled and transferred to
the vrespective section map. Alternate cross sectiocpns were used
for depth and velocity mapping. Depth and velocity msasurementis
were made aleng cross seciions at 10 equally spaced points.
These sane polnts were used during all subseguent measuraments.
Depth and velocities were measured with a top setting rod and
Marsh McBurney electronic current meter. Bepth was rvecordsed to
the nearvest 1 cm and velocity at 0.6 depth, fo the nearest (.3
cem/s (0.1 £7/8Y).

Guantity of the following habitat variables was determined
for each study section ai each flow:

1. Surface area {(8A)~ Total areaz of water surfzce.

2. Depth area (DA)-surface area assocliated with depths of

32 ¢cm oF nore.

fruaed

1. Velocity ares (VA)l-surface aves with wmean velocity of
0.3 em/s (0.1 £/3) or less.
4. Overhanging vegetation area {0HVi—-surface area of the

study section |lhaving vegetation within 36 cm of the



waters surface, depth of 15 cm or more and width of at
ieast 10 cm.

5. Overhanging bank (O0HB)-surface ares assoclated with

overhanging bank within 30 c¢m of the water's surface,
having depth of at least 15 cm and minimum wideth of 10
om .
BEabhitar criteria ware based on the vesults of studies evaluating
trout habitat utilization {Wesche 1974, Stewart 1970, Kennedy and
Strange 1982%.

Surface area habitat variables were measured from Thabltat
maps by extrapolating between transects using a Tektronic
digitizer pad and Geoscan computer program. Limear interpeolaticn
using known values of  hablitat variables was used to obtain
estimates for values betwesen measured £flows .

Discharge measurements were made at the start and end of
the experiment in each study section and followlng major changes
in discharge. Staff gauges were placed in each section and stage
was recorded twice daily. These data and known discharges were
used in developing stage-discharge vrelationships for each
eection. Regression was used to predict average daily flows in
each study section (Figures 10, 11, and 12). Daily water
temperatures were measured with maximum-minimun thermomaeters in

rhe upper and lower sections.
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Figure 10. The relationship between log stage and log flow in
section 1, Ruby Creek, Montana, 1982.
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Figure 12. The relationshlp between log stage and log flow in
section 3, Ruby Creek, Montana, 198%Z.



Wetted Perimetisry (omputer Hodeling

Werted perimeter transects (B each in sections 1 and 2 and 9
in section 3} were established in typiecal riffles. Transect
lpcations were velszted to habliast cross sections and drawn on
study sectlon thabitat wmaps {(Figures 13, 14, and 153%. Each
transect water surface elsvation was surveyed at thres Lo ifouy
flows {(Helsomn, 1982). ¥Water surface glevation data were ussd to
calibrate the wetted perimeter computer swprogram {Table 23
{Helson, 1983%. Model cutput included:

1. HWetted perimstey {(WETP)

2. Average depth (DBARY

I Average veloclty in the transsect c¢ross—sgseciion ares

{VBAR)
5. Top widith of transect {(WDHTH)

ect {AREA)

]

5. Crosse sectional asrea of tran

5. Maximum depth (DMAX}

7. Total zop width associated with depth of a2t least 15 cm
(HTOTH
#. Longest continucus top width assccisted with depth of

at leaszst 13 cm {WHMAXY.
Hirhin each ssction, phyvsical charvracteristics of
pevimeter transecis were compuied by the weifted perimeter wmodsl
and then azveraged. The hypothesis that viffle weited perimeter

can be used 88 & general index of salmonid hablitat sultablliicy in

small streams wass exanined by relating fish abundance, and
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variocus habitatr variables to flow 7related changes 1in cross
secitional wetted parimetars.

A1 statisticel anavises were done on g Honevwell {P6 {Level
G6/DPS 8} computer wiith the Blomedicael Compuier Programs (BMDP
1%83%%, Statistical Package for the Social Sciences {EFE8% 19753
and MEUBTAT {(Lund 198B3) statistical analvsis vpackages. Paired
comparison sitatlisticsl tests ware done using the ﬁ@n@érameiric

Mann—-¥hitaey test {(8nsdecor and Cochran 1980).

Figh Behavier snd Logcations

Aveificial stream channels were used to guanitify changes in
habitar wtilization and behavior of rainbow trout associated with
a change in dischavge of 786.1% (71 liters/seec (2.3 cfs) te 17
liters/sec (0.5 cfs). Stream channels were constructed at the
Bozeman Filash Cultural Development Lenter. HRaceway walls were cut
so that two reaches could be made from the siz (1.8 X 1.2 X 18 =)
existing racewavs. Four ohservaticn windows were cut in ezch of
the two outside walls. Hatural streanm subsirate, vanging in silze
from 4 to & ecm, was contoured in the channels to form viffle, run
and poosl habitats. River washed boulders (23 to 50 em in
dismeter) were placed in 2 uniform patiern to provide instreanm

6. {Cross sections weve marked on the channel

frenit

covey {Figuvre
walls every 0.5 meters. Depth {mearest 1 cm) a&nd mean column
velocity {0.6 depth, npearest 2.0 cm/sec) were measured before and

after the flow was reduced along 34 cross sections at the same
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gegqually spaced points. TDepth and velocity data were evaluated by
grouping in 5 em and approximately 14 enfsac groups,

vespectively. Isopleiths were dyrawn on habditat maps wusing the

depth  and velocity data. Surface area of depth and velocity
groups wase then measured using grevimerric planimetery. Water

temparatures during the experiment were measured continuously
using s Tavlor recording thermograph. Upstream and downstrean
traps were used to monitor fish emligration. Weirs were made using
poul try wire in wooden frames buried 30 cm below the substrate
surface.

Wild rainbow trout were collected on Hovember 131, 19%82 from
the Hdast CGallatin Biver using a 110v BC bank-shocking unii and
transported fo the ezperimental stream channels. Fish were
measured for total length to the nearest nlllimeier, welghed to
the uegarest graw and marked uslag pelvic and adipose fin olins.
Test fish were held in live buckets until they recovered from the
handling asnd were then released inte ths stream channel. Thirty
fish welghing 4737g were sptocked in the test «channel. Minimunm
length of tesgt fish was 150 mm. During & 7 day acclimation
period, the frzps remained closed.

Ubservations of habltat voilized and interactions betwesen
trout Dbegan  on  December 2, 1%982Z. Experimental trout ware
obseyved 2 total of 1B hours {Table 4} during the 2 week
experiment. Discharge in the experimental channel was mainiained
at 71 liters/sec. {2.3 cfs} until December &, 1983 when it was

rapidly decreased {76.1%} to 17 litevsfsec. (0.5 «fsy.
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Table 4. Trout observation schedule at the Bozewman Fish Culrural
Development Center.

Gheervation Decembar

Times 2 3 4 5 &6 F B 9% 14 11 12 13 14 15 16

Morning x X Z % X 4
7 :45-08:45

Midday X ¥ X X X b4
12:30-13:30

Evening i X X £ z X

16:25~-17:25

Note: The discharge was reduced 76.1% (71 liters/sec (2.3cfs) to
17 liters/sec {0.5cfsdYac 09:00 on Decenber 8.
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Trout location within the stream chanunel was 7rTecorded in
relation fo 11 painted rocks placed scross sach cross section.
Irout location data before and after the flow reduction wers
compared to determine 1f fish vesponded to measured decreases in

depth and velocity surface area.
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RESULTE

Population Manipulatlion and Acclimaction

To test the hypothesis thaet salmonid abundance is regulated
bv low summer flow, we increased existing raeinbow trout deunsities
from 0,05 to 1.43, 0.07 to 1.30, and 0.22 te 1.08 fish/meter in
ssctions 1, 2, and 3, respectively, during mid-July when flcws
ware velatively high (Table 3). Biomass densities were increased
by 2 similar magnitude {Table &). Length of sxperimentsl fish
ranged from 104 e 313 mm  {Table 7)) and length freguency
distribution was comparable between sections.

During a H-davy aceclimation period, enlgrants were rveturned
to test sections: flow in all ssecitioms generalily increased {Table
g3, In seciioms 1 and Z {szach below an irrigastion diversion}
fiow fluctuated from 71 to 274 litersg/sec (2.5 to 9.7 c¢fs) and
140 to 524 litersisec (4.9 to 18.5 ¢fs), respectively. Discharge
in the natura}l flow control section (section 3) increased frosm
462 ro 674 liters/sec {16.3 to 23.8 cfs) during the corresponding
period. During the acciimation perisd, the anumber of fish
emigrating sach day varied but genevally decreased.
Although deosity was highest and flow was lowest in section 1,
fewer fish sttempited to emigrate during the colimaticon perviod
{Table 8%. Similar numbers atiempted Lo emligrate from sections 2

£

and 3. 4 larger wnumber of emigrants moved in an  upstrean

&

direction. Figh entering traps after the 6H-day acclimation

pericd were removed frowm sxperimentzl sectiong.
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. fize rvange {mm) of trout found in studvy sections 1,
2 and 3 before, during snd after the experimsnt on
Ruby Creek, HMontana, 19B2.

Trout
Section Species Pre—-Biudy Start Post-Study
1 Razinhow 102~182 104=315 113-248
Brown 117-245  wewew e
2z RBainbow 141-273 118-295 128-280

3 Balnbow 117-302 117-319 131-2%5
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443

Flow Relasted Changes in Trout Abundance

Bainbow tyrout vresponded fo flow reductions by emigrating
from sxperimental sectlions of Ruby Creek. Emigration from the
twe study sections influenced by irrigation diversions correlatsed
better with average daily flow than emigration from the natsral
flow sgection. Empirical evaluation of the plots of numbers and
hiomass rvemaining, and flow in sections 1, Z and 3, indicated
that the trout population in sectionms 1 and 3 did not respond
immediately to flow reductions {¥Figures 17, 18 and 19}). Lagging
flow increased correlations frowm 0.835 to 0.9% with an 11 day lagz
in section L and from 9.09 te 0.72 with & 15 day lag in the
control section {section 3) {(Tabls 9}. These lags were used In
all subssquent analyses. Lagging flow and number in ssctlon 2
increassed the «correlation by only 1% and was considered to be
biclogically unimportant. Therefore, data were not lagged before
evaluation. In all sections, flow asscciated change 1o trout
biocmass paralleled obsesrvations of change in numbers {Figures 17,
18 znd 193

Trout emigration vate increased in all sections as discharge

st

was decreased 30 to 40 % below acclimation flow {(Figures 20, 2
and 22) even though initial discharge in sections 2 and 3 was
pore than double the dischavge In secticn 1. Reductions in
discharge of 96 and 957 vesulted in decreases in trout numbers of

48 and 538B% in sections 1 and 2, respectively. Corresponding
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TROUT BIOMASS, grams{® 100}
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decreases 1o numerical density wevre 76 and 73%Z {(Tabls 5)}. 1In the
natural flow ssciion, the total decrease in discharge of &3 ¥ was
accompanied by a 31 % decrease in troui numbers and a 52%
decrease in numerical demnsiiv. A paraliel magnitude of decreasge
in total biomass and blomass density was obsearved in all sectiocns
{Table &3.

Emigration vresponse of rvesident tyout was less {(12.5-17.2%)
than non-resident trout {(44.4-59.4%% 1ip each study section {Table
105, Cni-szguare statistical test however, falled to support the
empirical difference between the pervcentage of resident fish
smigrating and thelr percentage in the population. Trout
smigrated from the study sectionms in an upstream direction

between %3 and 99 % of the time {(Figure 23).

Size Related Responss

Mesn itrout length decreased In the itwo siudy sections having

iarge flow vreductions ({Table 11). Although no significant
diffevences were found between pra- and post-study rainbow trout

length distributions in reduced flow sections {Hann-Whitpney

b

nonparasetric test, Dizon, et al., 19832, dnspection of empirical

e

data dindicates that larger figh were more dnfluenced by flow
reductions than were smaller fish (Flgures 24 and Z25). In the
control gection, length distribution remalned reiatively
unchanged {Figure 286).

Mean weight of fish in 211 study sections decreased during



By ) &% €67 T11 WK

950°0 FANY G L0 &% 4 £
ek 6L E°%E tel HE
G170 LTIy 1 L4 8 " [
ETRG £5 9 96 141 K
T2e°0 G 9t 1 oL 9 k! 1
BOTE A Boraea¥rmy Buiieadtwy nofareindog uorreTndog BTHETAG BOL} a8y
norieTndog 1agEny uyr % U 29qunyg

Burzawag jo ¥

CTRGT BPUBIUOR ‘wewan Agnyg ‘¢ puw 7 ‘7 BUOTI0NBE WOIY
IRCET moquTes (WHN)Y Inepissavon puw {(¥) auwepisessr Jo wvoriwaBiws jo uosyawdmeon o1 eygEl



Al

10064

90

£ {9 ) o £
=] €3 £ (o] &
3 ' s [} 'y

NIUMBER EMIGRATING

1
L

20-

DOWHNSTREAR

76 UPSTREAMW

SECTION: L

Hunber of valnbowy trouz

trapgped in each study section

according to directiocn of emigration following flow

reduction in Ruby Creek,

Montana, 19872.



Table

b
o
-

Montana, 1982,

the sxperim

Comparison between length and weight distriburlons
hefore and aftev

ent, Ruby {reek,

Section Yarliable Time Humber Maan P Valug
1 Length{nr} Befors 177 182 0.174
Afrer L 171
Wedght{g) RBefore 177 g3 0.000%
After 42 33
pl Lengthi{imm} Before 140 1990 G.103
Afrer 37 174
Welght{g} Eefore 140 B4 0.064
frer 37 59
3 Length{mm} Before 140 120 0.52%
Afterx &7 194
Weight{g) Before 140 97 0.7358
Afrer 67 g6

% Significantly diffesrent

at ALPEA=D.O

5
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the study period. ¥Mean weight of fisgh in secilon 1 was
significantly less at the end of the study, while there was ng
significant difference in welght between the beginning and end of
the study 1in sections 2 and 3 {Table 11}. Parecetnage welght

decrease in sections 1, 2 and 3 was 34, 30 and 5%, rvespectively.

Changes 4in Condition Factors

Condition factovre of vrainbow trout, grouped by 20 =@m
intervals, genevally decreased during the sxperiment Iin all study
sections {(Tables 12, 13 and 143. Hean coundition factors of trout
in section 1 were gtatisticelly different (ALPHA = .0353) for all
20 mm length groups between 120-239% mm, but not for the smallest
(100-11%) or the largest length group {(240-259 mmj. In section
2, which was alsge subiected to large discharge reduction, there
was no statistically significant difference in wmean condition
factor between the stari and end of the study for any size group.
Trout in section 3, which were subilected to mnatural flow
conditicns, had significantly lower condition facters for all
size groups between 120 and 239 mm, except for the 200~21% =om
ErOUD-

At the beginning of the study, mean condition factors ranged
from 1.017 to 1.398 in gection 1, ©.509% to 1.0%96 in zection 2,
and 1.008 to 1.168 in section 2. The largest decveases Iin

condition between the beglauning and end of the tesis were 42 and

41% in the two smallest size groups {100-119 wm; 120-13%am) in
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gection 1. The largest oversll percentage decrease in condition

wag zlso observed in section 1. The maximum decrease in coundition

by

o any size group was 11% and 30 % d4n sections 2 and 3,

reapeciively. In general, emigrating trout in all size groups

and sections were im siightly opoorer condltion than thosa

remaining until the end of the study (Tables 12, 13 and 14).

¥Flow Belated Changes in Habltat

Section i was characterized By & opool-riffle channel
structure while sections 2 and 3 had a predominance of riffle-~run
habitat, Bacause of flow differences between sections, habitat
data were collected at different dilscharges. This mekes
ilivetration of c¢channel structure differences bstween sectlons
difficult {Figures 27, 28 and 293.

Al though discharge in sections 2 and 3 was 2.6 and 2.9 times
larger, respectively, tham in section 1 at the initiation of the
study, mean depth was essentially the same in all three sactlcns

{Table 15%. Initisl wmean thalweg depth was equivalent iI=n

*F

sections 2 and 3, but was 11% deeper iIn section 1. At the end of
the study mean depth and mean thalweg depth were similar in

sectione 1 and 2, but were asbout 50% shallower than in section 3.

Mean velocity at the begliunnlog of fhe study was similar in
gecticns 1 {61 cm/isec) and 2 {64 emis); section 3 had a
ziightly higher mean velocity (73 cm/s). Mean veloclty had been

reduced B80% in gection 1, T71%Z in section 2 and 1%% ip section 3



*7ae1 *musiuvoyn ‘wesan Lany (sIv o1
UBE/BIPITL Q@7 1® T uwoiioes 3o yadep jvesuwvil sBviway

SA01eW MYENLSdN DNV LSO

OEY pzL OLL Q0L 08 4] D4 e 0% O O 08

& i, 4 A i

L7 ®manBrg

&1

(S
(Ll

8B/ 801l 08¢

P NOLLDES

R A
¥ 0
SE°D
Ge 0
480
OE0
i
G170
ERUR
Go°0

SieiswH 430 LDESKHYHL ADVHIAY



spueiuvoRr ‘wewan Aqny T(8F9 6°6)

"78el
ege qdep avssuwiy eHviasy

cgr axnByg
Des/eaRlTT [9T 3B T WOLI0BE IO Y g7 @indig

slejell’ WYHHLSaN JADNVLISIO

get 0Tk Gilb GOl 06 0% ﬁ% o8 0% O ﬁﬂ O s & v 0
i

a8
o

sas/5495H LBl ono X




L™
e

cragT ‘vueluwol ‘yeeaj Aqoy F(BIY U 1)
De8 /882 T T§§ I®W € UWOIIDES JO yidep 3109B8uwRay BBRIDAY 67 aand g

sigjaw "WYIHLISLHN ADNYLSIO

oEL 0%L  0kF  00L  O8 08 0L 09 0% o 0E 0z o @; o

cas/8lelll LSE

€ NOILD3ES




£E1°0
91°0
5470
L0

¥1°0
810
L0
LETQ
Gawl B
HEAHT DVHATVHL NVHH

74
WY

12
113
6%
EL

[
te
O%
1o

T —

%%EQ

ALIDOTHA HVEH

L0780
600
ERSRY
€70

£0°0
11°0
£1°0
£E€"0

BABE SR

HL4ET HVER

(w71}
(0°62)

{0
(6"
(6"
(L

ey
T8

Be
LAY
£91

{832) 298 /A9 1]

MOTE

R

ROTLLOES

guoIlves Apnie uy Esm0Ty peansesn Joey syrdep EemTwyl puw

AT

‘pupiucy Waean Aqny ‘g pue ‘g ‘f

fgugrdap

FERTIDOTRA BRHY

"Gl

Biqel



by the end of the studyv.

Bue to flow and channel differences, the magnitude and order

of percent change in guantity of the five thabitat wvariables
measured, differed bhetween sectlons. AlYl wvariables except

velocity arvea {surface area with mean veloclty ﬁﬁaﬁ cmisac (6.1

3.

o
[

f/is)y decreased as flow decreased {Table

In both reduced flow sectiens, 1G0Z of usable overhanging
bapk cover {OHE- surface aves associated with ovevhanging bank
within 30 cm of the waters surface with a depth of 2105 cm and a

wideh 210 em) wag loest. In section 1, where total flow reduction

=,

was 97%, depth avrea {DA-surface ares wiith associated depith of
153cm oy movey was veduced 31.87; overhead vegetation {(JBEV-surface
avea having vegetation within 30 c¢m of water surface with a depth
of >15 c¢m and width of 210 cm) by 73.3% and total surface area
£5AY by 45.2%. The 962%2 decrsase in flow in section 2  was
accompanied by a 100%Z reduction in OBY {followed by a reduction in
DA of 984, VA of $7%, and 54 of 25.8%7.

In the natural flow section, discharge decreased oniy 57.2%.
Accompanying decresses in  OHY was 38.37 followed by a 28.1%
decrease in DA and an B.2% decrease in B4A. There was no OHB
cover in secfion 3.

A1l five hablitat variables were highly intercorrelated with
the excepticn of VA ip section 1 which had alnmost noe correlation
with orthey habitat variablies. Similarly, each habitat variabls
had a2 high positive correlation with flow except for YA which was

negatively corrvelated in all sections and was poorly correlated
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(v = =0,60) in section 1 (Tables 17, 18 and 19y, With the
exception of SA in section Z and 3, all othev caorrelations were
above 0.93.

In general, trout numbers and blomass were nolbt &as highly
covrelated with habitat variables as was flow. The exceplion was
cection 1 where all habitat-flow corvelations were above .93,
except for velocity. In section 2, the correlation between OHV
and numbers was 0.50. Other varlables had <correlations with
numbers vanging form 0.75 to 0.83 . In section 3, =ne hablrat

variable correlated highly with numbers. Correlations vanged

From $.65 to 0.868.

Wetted Ferimeter Modeling

To test the hypothesis that avervage riffle wetted vperimeter
can be used as a general index of salmonid habltat gulitability in
small streams we relastzd wetted pervrimeter fo habitat variables
and to trout numbers remaining in three study sections. YHetted
parimeter correlated highly with the five habltat variables in
all sections, except fox velocity area in section 1. GCorrelation
of wetted vperimeter with habitat variables 1in sectlon 1 ranged
from a low of =0.122 for veloeity area (VA) te a high of 0.979
for depth area (DA) (Table 17}. In section 2 weifed ©parimeter
correlation with habitat variables ranged from 0.897 OHV to 0.9896
for SA {Table 18). In section 3, rhe corvelation coefficients

hetween weited perimeter and habitat variables depth area (DA},



velocity area (VA), and overhanging vegetatlion {(OHY) were 0.997.

[£4]

The lowest correlation in section 3 was with 34 {r = D.8B14}
{Table 19).

Changes in wetted perimeter were paralleied by changes in
trout numbers and biomass in section 1 {Figure 30y with =2
correlation of 0.8%92 (Table 173. Wetted perimeter and frout
numbers decreased vapidiy as flow slovwly decreassed below 140
iiters/mec (4.% cfs).

Trouvt numbers decreased in section 2 before lsvge decreases
in wetted perimser. Trout number zsnd wetted perimeter had 2
correlation of (.7656. Trout number in section 2 decrsased
ravidly with small decreases in discharge below 360 liters/sec
{12.7 cfe). Wetted perimeter did not decresse rapidly vntil flow
was reduced below 130 liters/sec (4.6 cfs)} {(Figure 31)%.

In the natural flow section {ssctiocn 33} the corrvelation
between frouil numbers snd wetted perimeter was 0.717. With a 15
day lag betwsen flow change and trout emigration response, trout
numbers =stabilized as flow stabilized at about 390 liters/sec
{13.8cfsy (Figure 32). Calculated wetted perimeter decreased
most rapidly as discharge was reduced below 460 liters/sec (16.4
cfgy. Increased rate of troul emigration corresponds reasonably
well to this inflection point in the weitted perimetsr curva.

The wetted perimeter computer model predicied the following
assoclated parametsrs: average <oross section depth {(DBAR),
avarage <¢ross sscition velgeclty (VRBARY, crcss section width

{WDTHY, cross section water arssa {AREA}, wmaxismum cross section
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depth {DMAXY, total top width having 2 depth of 15 ¢cm or mors
{UTOTY, and the longest continuous top width with depth of 13 cm
or more {[(WHAL).

Grdey of importance of weitted perimeter habltat wvariables,
based wupon correlation with trout numbers, was not gsﬂgistaﬁt
hetwesn study seciiouns. In section 1 211 wvardiables excepti VEBAR
and WDTH had lavrger correlations with numbers than 0.93,
indicating that they asre a2l highly important.

In section 2 VEBEAR was the only varlable with a covrelation
sxceeding 0.90. WOTH bad 2 correlation of 0.75 and e2ach of the
remaining five variables had correlatlions ranglng from 0.83 to
0.8%. Ho wvariable was bhighly correlated with numbers in section
3. Boch WOTH apd WIO0T had 38 corvelation of 0.72, while other

wetted perimeter variables had corrvelations of 0.646-0.70.
Habitat and Wetted Perimeter VYavriables Vs Trout Hunbers

Because of  Thigh intercorrelastion of variables, standard
multivariant tests were unsultfable for statistically evaluating
the order of importance ¢f habliat components. In an atismpl Lo
explain the observed increase in emigration in all study sections
whan flow was reduced 30-40% of ianital discharge, ws plotted
pevcent change iIin the five habltat wvariables and eight wetted

H

Py
£
]
'
a

perimster variablies with percent c¢hange 1p dnitial

o

i

s
3]
(s

Emperical evaluation of these plots indicated that ne ha

variable decreased In parvallel with numbers. The patiers of



-
[

decrease of wetted perimeter variables WIOT and WMAX, Thowever,
was similar to the decrsase in numbers and most closely sexplained

the rvesponse of the fish population {(Figures 23, 34 and 353,

iy
o

Each of these variables 1g a measure of the riffle habltat deeper

than 15 cm-.

Posi~Study Densities

Supplementaed troutr populations in the study sections were
not reduced to pre-study levels by flew reduction experisnced
during the 63 day study pericd (Table 5 and &). Original
numerical densities in sections 1, 2 and 3 were 0.12, 0.07, and
(.22 troutfmeter, respectlvely. These ware increased to 1.43,
1,30 and 1.05 rainbow trout/meter at the beginning of the study.
When the study was completed in September, numerical densities
had decreased to 0.34, 0.35 and 0.50 in sections 1, 2 and 3,
respectively. These densities wevre 180, 362 and 131% larger than
we observed in study sections before the experiment. Fost study
biomass densities had increased 8, 276 and 140% in sections 1,2
and 3, respectively (Table 6. Sections 1 and 2, subiected to
similar large flow reductions {96 and 93%, respectively), had
similar rainbow trout densities during all phases of the study.
The control section, with natural flow reduction of 43%, had

higher trout densities both bafore and after the study.
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Fish Hot Acrcounted For

A portiom of f£ish dn each study section <could =not be
accounted for at the end of the study {Table 203. In section 1.
22 % of the trout pumbers and 31.4 % of blomass were unaccounted
for. Electrofishing upstream from section 1 te a natural fish

barrier produced four mavrked ralnbovw trout. These fish may have

escaped before the situdy started, when the wpper fish weir

failed. Trout numbers unaccounted for in sectiouns 2 and 3 ware
17 and 13.67, vrespaciively. Electrofishing immediately above
section 2 im a2 large pool produced ne marked fish. No attempt

wag made to recover lost fish above sectlion 3. The larvrgsst
pevcentage of missing fleh 1o all three study sections were from

length groups less than 140 mm rotal length {Tables 12, 13 and

14%.
Temperaturs
Mean daily watsy temperature, measured in section 1 and 3,
generally decreased during the study period. The decrsase in

water ‘tempevrature eecurred after wmeost of the filsh had eamilgrated
from sectlions 1 and 3. Water temperature rapged from 3 to 15 C
and 4 to 14 €, in secticons 1 and 3, respectively (Figures 36 =znd
37y, Average mesan dally temperatures over the study period were

16.0 € in sectdon | and 10.8 € ip section 3.



Table 20. Fish numbers and biomass not acceounted for
by emigration from sectione 1, Z and 3 Ruby Clreek,
Montana, 1%82.

Humbers Blomass{g) Z Loss Z Loss

Sectiocn Unaccountable Unacceuntable Humbars Bicmass
1 39 4692 s 3z
Z 24 Z00% 17 17

3 19 2116 14 1
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Figh Behavior Observations

e

Evaluation of rainbew treout behavior before and after flow

e
i

reduction in the artifical stream chsnnels at the Bozeman Fish
cultural Development Center during winter revealed no detectable
change im  Thabitat swtilization. Fish remained in the deepest

porticn of the pool  habitat during both high and low f£lovs

S

{Figure 8 and 39). Immediately after the flow reductien,

experimental fish moved from thelx foral points and swam randomly

abput the opocl. Figh focal points inm pool Thabltiat wWers
recstablished within 24 hours after flow reduction. Only ous
fish emigrated from the chawnnel during the expsriment. Becauge

of lack of measurable response, analysis of hablitatr data was
discontinued. Temperature during the experiment ranged from 2 to

4 C.
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DISCUSBSION

Bzinbow trout abundsnce and blomass decreased as flow
decreased dn 21l study sesctions. In sections I and 3, flow
related emigration of rainbow frout was nof observed until 11 and
15 days aifiter major f£low reductions. The mechanism for this
delaved vesponse is not kpown, but is hypothesized te be dus to
gsociai-habitat interactions.

Other researchers have reporvied veduction in trout numbers

rf

as well as lage in vesponse to flow changes. Erafe {1968, 1972}
examined the velationshilp between brook trout ino Blacktail Creek,
Montana and flow rvelated changes in habitat. He found that a 75%
reduoction dn  discharge resulied in g 20% reduction i1in  trour
abundance din & run, with no fish lezving the study section.
During & 3 month study with 907 reduction in flow, trout
abundance decreassed zn average of 62% in éuﬁsg compared to 20%Z in
control section rTuns and movement out of the stream ssction
peaked 10 days following flov reduction. Trout numbers in pools
of the test sections generally increszsed, while frout numbers in
pools of & control section decreased more than 143%. ¥rafi's
{1%72% dats suggest that as trout habitat in runs becomes leszs
suitablse as flow decreases, trout distribution first shifts freonm
runsg to pools and then density related zocisl mechanisms resuls
in emigration of & portion of the population. Erueger {19793
examined the response of juvenile chinocok salmon to decresased
discharge in a straight, narrvow, viffle-run artificial channel.

When discharge was reduced %4% over a2 48-hour yperiocd, fish
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emigrated from the channel until 33 snd 46% of wild and hatchery~
reared fish vrvemalaned, respectbively. Erueger found that
substantial numbers of emigrants were captursd in traps the dazy
fallowing discharge reduction from 17 to 3 liters/sec.

Most habitat variables svaluated were highly correlared with

ey

one ancther as well as with flow. Because of this we wevre unablse
te use multivariant statistics teo. distingulish which combination
of variables Thest explained zesponse of experimental fish
populstions or the ovder of importance of these variables.

Even though ioitial flow was guite diffsrent, trout
emigration in each of the three study ssciions Increased as
discharge was rveduced 30-40 Z {(Figures 20, 21 and 22). Thisg
similarity in response hetween secilons suggests that sgimilar
flow related thabitat changes may have bhesen eocecurring anong
sections.

Although gstatistical evaliuaticon was determined to he
inasppropriate, w2 emplirically esvaluated plots of percentage
change in 2ach habitat and wetted perimeter wvariszble with

percentage change in flow. The empirical rate of change in tfhese

variables was then rvelated feo obssrved percent decrease in
rainbow trout abundance with percent decrease in flow. Of the
13 variables examined, chanpge lun only two, WMAXY and WITOT,

B

closely corvesponded to change in numbers with flow (Figures 33,
34 and 333, Both of these variables were genevated by the wetted
perimefery model and are a measure of guantity of riffle depth

greatey than 15 cm. WMAX 18 the longest countinusus top width
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assoclated with depth > 15 cm, while WIOT is the total top width
with this depth characteristic.

Other resgsarchers have also rveported that depth corresponds
with fisgh abundance in streans. Stewart {(1%70Y found thatr of 15

variables evaluated, mesan depth was the single most sigunificant

factory a2ffecting abundance 2f wild brook and rainbow trout. He
ezplained the dmporvtance of mesn ssction depih ss rveflecting the

ot

availabillitcy of deep watar sultable for fright cover. Everest
{1569 correlated denslty of juvenlle steelhead trout and chinsok
salmon with substrate slze, bottom velocity, surface velocity,
depth, and density of other speclies. He found that depih was the
only variable with significapnt corvelation with density of age O
chinocok salmon. In one ztrean, depth also accounted for the
lavgest varistion in aze I steelhead rtrout denslety. White {(1978)
attempted to predict effects of flow reductions on raianbow Crout

populations in the Teton River, Fdaho. He proposed that cover,

n the form of gufficient depth, would %become limiting as

i

discharge declined in run~-riffle channels. Basterbroocks {1951}
raporied wild yalnbow and cutibroat trout exhibized a8 linsar
decrease 1n abundance with veductions in depib. This study was
conducted in laboratory channels in which variables other than
gepth vemained constant. He also found that wild rainbow tfrout
from streams with different levels of productivity responded to
depth reductions differently. Given egual flow and depth
conditions, abundance of test fish from a mcre productive stresan

gsrapilizaed a2t & higher density.
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Mean trout length decreased in the fwo study gections having
large flow reductions. Although not statistically significant,
our data indicate that larger fish were movre influenced by flow
reductions than were gmaller fish (Figures 24 and 25, This
suggests that larger fish emigrated £from the reduced flow
sections due to reduction in habitat rather than food. if foed
ware lilwmited, larger dominant fish would have the advantage and
we would expect 3 larger relstive percentage decresse in numbsers
of small trout. White et al. {(1981) reported similar response of
juvenile steelhead-rainbow trout in reduced flow tests conducted
in artificial channels. They also documented that tfrout left
experimental chanpoels in response to rsduced flow before aguatic
invertebrats abundance was reducead. Infortunately, food
avallability was not investigated durilng our study on Ruby Creek.

Although emigration response of rainbew treout in ocur study
sections provided no indication that food was limiting,  wmean
welight of fish in 811 study sections decreased during the study.
Likewise, condition factors of nearly 211 size groups of trout
decreased. In genseral, emigrating trout had only elightly poorer
condition than those remaining until the end of the study (Tables
12, 13 and 14). Decrease In overall mean welght in reduced flow
sections was, 1in part, due to a disproportionate number of large

5

fish enigrating from test sesctions. Decreass in mean condition,

b

however, was not a rvesult of size related esmigration.
The observation that mean welght and condition decreassd

even 1in the control section, where flow related food limitation



would not bs expected, makes dinterpretation difficuls. if
emigrating fish had much lower condition than those rvemaining to
the end of the study, we would suspect that they were food
limited and wevre lasving the asresa because of social intevaciion.
& simiiar conclusion could be reached if the larvrgest slze groups
in gach section had not lost condition. Al though not
statistically significant, fish in these size groups in all
seciione lost condition during the summer study period, when
ndition should have remained the same of dincreased.

Our data provided npo ezgplanation of theses resulis. We
suspect that the numbers remailning In study sgsections were within
the social tolerance for rainbow trout during ocur short  term
study. Although gquantity of food may lhave Tbeen less than
optimum, 1f spparently was not in short encugh supply to elicit
farther density adjustmentis.

In our thyee study sectiocns, wetted perimetsr was nuoci =2
consistent index of salmonid habltat sultability. In secticn 1,
which was charascterized by pool-riffle hablitat structure, wetted
perimeter was a2 good index of rainbow trout habitat eulitability.
Decyesse 1in trouf sbundsunce with decrease in discharge closely
paralleled flow velated changes in wetted pearimetsr {correlation
0.83Y (Figure 30}). In the study ssection below the Ffirst
irrigation diversion (section 23, trout numbars decreassd before
large decreases in wetted perimeter, while ip the =wsatural flow
section {ssction 3} wetted perimeter decreaszed graduslly

throughout the period of observation {(¥Figures 31 and 323. Change
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in fish number ocecurred between the two poorly defined inflection
points on the sectlion 3 wetted perimster curve {Figure 323}
Sections 2 and 3 were characterized by a run-viffle thabitat
structures. This thabitat diffarence 1s best 1llustrated by
comparing mean transect and thalweg depth between secticas.
Aithough flow at the initiation of the study was more than 50%
less in the pool-riffle ssction, wmean depth wasg gssentially the
same and mean thalweg depth was 11% greater than In the run-

ffle rchannels. Although the wetted peripeter curves WwWere

fuuds

T
considerably diffavent Dbatwesn the two run-riffle sections
{sections 2 and 3) and the lowest flow was 2% lesgs in section 2
than in sectfion 3, similar habitat between sectlons is suggested
by similar flow related response of the fish population {Figures
31 and 3Z23. In hoth sectiocns, &as éis:harga wag redugsd Tbelow
approximately 400 liters/sec (14 cfs) the rate osf change in
trout abundance increased. Tn sectlion 3 (natural flow) lagged
rvout npumber stabilized as discharge stabilized at abour 350
iiters/sec (12 cfs) {Figure 19), while numbers in section 2
continued to decline with f£low. This interpratstion iz bhased

upon the sssumption that the 15 day lag i1u response of the trout

populaticn to flow change in section 3 is corract. Siace we
detected essentially no lag in sectien 2, 1t is suggested that
although both sectlons have a general 7run-riffle channel

stucturs, the mixture of habitat characteristics within sections
must bes substantially diffarent. Strherwise, we would Thave

expected more similar vresponse regarding the ameunt of time
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elapsed between flow reducticn and fish emigration.

by

Ei our results are vepresentative of the thabitat types

o

studlied sand our Interpretations are correct, it =appears that
riffle wetted perimeter may not be a good dindex of SUNmET
habitat sulrtablliity for rainbow trout 1n riffle-run habitats i=n
small streams similar to Ruby Craesk. If the inflection point on
the wetted vperimeter curve for section 2 was wused as the

recommended flow fabout 150 litersfsec {5 cfs)y, this

recommendation would substantially vnderestimate thea approximate

375 liters/sec (13.2 cfs) which appeared optimum for our
sexperimental fish population (Figure 31). In section 3  theare
were two inflection poiunts {Figure 323: one a2t abour 475

liters/sec (17 c¢fs) and one at about 300 liter/sec {11 cfa). The
irst would overestimate the amount of water needed while the
second would be slightly less than optimum.

In contrast, the inflection point on the wetted perimeter
curve for the pool-riffle habitat in section 1 (Figure 30}
corresponds well with the flow (130 liters/sec, 5 cfs) at which
rate of trout emigration increased substantially. Since we only
studied one pool-riffle ssction, we do neot know if these findings
are <charvacteristie of small streazm pool-viffle  habirat in
general.

Denglty of trout ia supplemental streanm sections was nob
reduced to pre-study levels during our 63 day experiment.
Humerical denslcy dn sectlone 1, 2 aud 3 was 180, 400 and 127%

-

iayger, vrespectively, at the end of the study, while bhiomasse
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density thad corresponding increases of 8, 276 and 140%. The

smaller increszse in biomass, compared fo pumbers, in 21l sscilons
was due to emigration of larger fish and teo loss in weight of
experimental trout.

The reason for the increasse in bilowmass and numerical
densities of vrainbow trout at the end of the summer low flow
period in all sections, compered to initial densities, 1s not
clear. Possible explanaticns include altevation in social
tolevance by forced initial density increases, the possibility
that summer low flow is not the limiting factor on Ruby Creek, or
that ocur study was not of long enough duratien to elicit a2 total
TEEDONSE.

Alteration of social tolerance by initial stocking density,
to our knowledge, hag not been reported 1n the literature.
However, White ({unpublished data) thas ocbserved in previous
reduced flow experiments in articial chaanels that, unday
identical flow zand habitat conditions, the larger the ianitial
stocking density of Juvenile zaiﬁbaﬁmsteﬁlheaé trvout, the larger
the stabilization number (at constant flew) snd the larger the
ending density following severe flew reduction. If thess
ohbservation apply to natural sitrsams, the large nauvmber of
vainbow trout introduced into experimental sections could have
influenced final density. |

Another consideration is that factorse other than low SuRmer
flows regulare rainbow frout abundance in Ruby Creek. Abnormally

high spring  scouring flows have been shown to have a negative

=2
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influence on trout populations {(Nehring 14835, In Ruby Creesk,
however, there 18 no evidence that spring scouring is & common
avent. Winter mortality 1s alsoc known tc be large in  wmany
streams (Hunt 196%, Vincent 1984). Because of the relatively
small size of Ruby Creek and the harsh winter conditions in the
dralnagse, winter Thabltaz conditisns could ifinflusnce population
abundance.

Lastly,  9our tests wmay not have been of iong suncugh durstion
for a total response to be seen. This,  Thowever, seems unlikely
since flow and number in all sectiocns had stabilized 12 or BOT e
days prior to the end of the study.

The effects of long term summery dewatering on trout
populations in riffle-vun habitat is {illustraced by comparing
initial rainbow trout demsities frowm sections 2 and 3. Section 2
has  historically %been dewastered from Aygust fo¢ wid-September
(MDFWP 1981} while section 3 has not been influenced by
artificial flow reductions. Although habitat in the two sections
is grossly similar, initial numerical density of rainbow troutr in
the wunzltered flow section was three times that in the gection
influenced by dirrigation diversion, while biomass denzity wasg
four times larger. These comparisons support our expevimental
observations that trout populations respond negatively to changes

n stream dischazge. The lavrger magnitude of dinitiazl Diowmass

ol

difference between the sections alsc fllustrates ocur finding that
larger trout are more influenced by flow reductions rthan are

smailer troutb. From these comparisons it avpears cleat that low
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gummer flow has a vegulating Influsace on valnbow trout
populations, even though other liwmiazions such as winter hablitat
may reduce the population further.

Flow related rainbow trout fish emigration was primarily
upstream from the study sectiocns. Movement upstrsam vYhen
discharge 1is reduced has been found by Kraft (1972} and
Easterbrookse {(19813. Clothier (19233,1954) reported that rainbow
trout d1p irrigation canals consistently moved upstream following
gradual decline in flows. White et al. {1981} also found that
most Juvenile rainbow-steelhead trout emigrated upstrsam in
response to flow reductions. Easterbrooks {1981} observed
similar  wupstrezn wovement In flow reducticpn tests with wild
raiobow and cutthroat troutlb. He speculated that wupstrean
emigration may be triggered by an instinct which stimulated trout
te move upstresm in seavch of cool tributaries or springs,
thereby dncreasing the chance of survival during periods of low
flow and high water temperature in downsiresm, wnainstem strean
reaches. Anothery possible explanatation would be that troutl move
upstream to seek preferred habitat above fish with social
dominancse -

The wnumber of fish unaccsunted for during this study was
comparable e losses veporitad during studies with similar

designs. HErueger {1979%) reported loss of juvenile chinock salmon

between 3 and 21% of the stocked fish- White {1%981% rveporised 11
to 27% unasccounted fish during the 1%78 and 1879 flow tests. A

higher pervcentage of biomass conpared with numbers remained
E E 2



unaccounted durling the study in sectiomse 1 and 7. This 1=
probably a vresult of the fish losing weight during the study.

Teuperatures during the study were well within the tolerance
range of vralnbow trout and would not be expectsd to incresase
mortality or megatively influence growth.

Rainbow trout behavicr changed only tempovarily when Fflow
was reduced 76% during winter in an artificial stream channel.
Immediately after the flow reduction trout moved from theﬁr focal
points and ewam randomly arvound the pool. Yithin 24 hours trout
had returned to positlons similar to these gecupled prior to flow
reductions and no fish emigrated fromw the channels. Al though
peol habitat in the test chanmel appeared adequate at test
dischargss, these aégﬁxvati@ﬁs may not be spplicable to winter
habitat conditions in most small Montana streams since spring
water was used in the experiments Lo prevent freezing.

In conclusion, the wetted perimeter/inflection point method
¢f determining minipunm stream éischafgé cn small streams does not
appear to be a consistent dindex of vralnbow trout hahitar
suitabllicy. In pool-viffle habitat of Buby (reek the method
worked well. In run-riffle habitate, however, this approach may
underestimate the amount of water necessary to maintain rainbow
trout populations at & reasonable level. In no case did the
method provide an overly congervative estimate of instream flow
nesds.

Since our study was conducted on habitat tvypes in only one

small stream and for only one summer season, resulfts should be



applied with caution- Long term vesearch should be indtliazed teo
validate our findings and to gain a better understanding of the
trout abundance - hablitat relationship, particulariy related to
the gquantity of riffle habitat with depths greater than 15 cm.
Researchers should esxamine the aeffects of stocking densities and
the influence of flow reductions on the Iinvertebrate food Dbase.
Additional habltat variables which are not highly intercorvetated
should be sxamined. Also the wvalidity of using the inflection
peint on the curves of longest continucus viffle top width with
depths > 13 cm and total gquantity of riffle top width with this
depth characteristic for recommending instream flows in small

streams should be examined.
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