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INTRODUCT IO
Colorado has brought leg: action against
Mining Company claiming damage to t brook trout fishery, and other
aquatic life, in the San Miguel River by mining activities at the
Idarado mine near Telluride, Colorado (Chadwick
Various technical fishery and ficsh habitat data wer bed by
ecological consultante retained t jather intformation that could be
this claim (Chadwick & Associates 1984; Geotrans
part of these investigative activities Habi tat Quality» Index

(HRI> of Binns and Eiserman {1%7%) was used to predict brook trout

abundance at sesveral ites on the San Miguel River. The HOI predicted

values were assumed to represent the potential brook trout papulation

“iwver habitat was capable of =zupporting. The HII values wer

then compared with trout population sstimates obtained by electrofishing

to support the claim vas at oz & 1) due to

metal pollution from the past mining activity.

During the fall of 1988, I was c a By Chadwick & Associzates, whi

asked me to rewview the HOGI esvaluations reported for the upper San
River by Geotrans - iR el eatter referred to aszs Geotra

Thie report pr




METHODS

ChadwicKk & Asscciates furnished pertinent data, reports and color photos
of six sample stations on the upper San Miguel River. This information
on the brook trout fishery and the fish habitat of th eam had been
collected at different seasons i SAEh I used this information to
review the HQI evaluations reported by Geotrans and concluded that there
was reason to believe the predicted brook trout azbundance figures were
tncorrect, I drew this conclusion mostly because some of the habitat
attributes used in the HRI model were apparently not measured or rated
& speciftied in the HAI Procedur anus (Binns 1982). Howewver, no firm
conclusion could be drawn without actually remeasuy the questionable

attributes at the stream.

Subsequently, Chadwick & &ssociates arranged for HGI measurements

collected in early rer, 1986 +trom five of th

river. Only station SMR-1 could not be worked due to snow

Al though there was some snow cover on the stream banks,

stations were e i ¥ ice-fr nd the 41

readily measured. 1 participated in this effort to insure that the HGQI

data was collected as specified in the HRI Frocedures Manual. I then

used my own observations = ; ata from the December, 1984 visit
to the river, as well as the data and photo : ; Hijdicosia i
ssign my own ratings to each habitat attribute used in the HXI model.

HQI Model Il was used to calculate a predicted brook trout standing crop

ach study station, and the rezults were compared with those reported

by Geotrans.




RFESULTS AND DISCUSSION

The HRI method was primarily developed as & trout habitat evaluation
toocl, but due to the nature of the statistical appr uszed to develop
the model, the HRI can alzo be us X edi = standing crop
(Binns and Eiserman 1979, Binns 1979, Binns 1982). Predicting trout
abundance in streams is a common use of the HEI (Remmick 1932, Bowlby
and Roff 1984), but the method has also been used to assesze th impact
of changing habitat conditions on trout. The impact of a proposed
transbasin water diversion project on a cutthroat trout population in
the Sierra Madre Mountaine in southern Wroming was evaluated with the
HQI (Binns 1977)., The HGBI has been used =
impact of proposed reservoir construction, and in negotiating mitigation
(Conder and Binns 1784)., HNot only has the HQI been used to
habitat improvement potential (Binns 1979, but it can provide

stream habitat improvement efforts (Stuber 1¥34,

Thus, using the HOQI to predict the potential brook trout standing craop

that could be supported by habitat conditions in the San Miguel River is

an acceptable procedure. The Key question is if the HRI ratings were
correctly assigned during the evaluations reported by Geotrans., The HGI
model is no different than any other predictive model in that its output
can be no better than the quality of the data inserted into it.
Incorrect ratings will lead to inaccurate predictions of trout standing

erop.




TROUT STANDINMG CROP

A comparison of trout standing crop esti bes N in 1¥85 from the
San Miguel River and the HRI predicted valuss o the
recember, 1784 visit el presentediin fiable] o dldithionelexceptionw the
December, 1986 HQI predictions of brook trout abundance were reasonabl
close to the estimated abundance obtained by electrofishing in 1785,
The lone exception was station SMR-&, where brook trout abundance was

overestimated,.

At EMR-4, the observed st 37.% Kgs/ha compared to a

predicted value of 102.0 Kgsha, : verestimate of 84.1 Kgs/ha. I do not
teel that this is a sericus differenc 3 Je encountered similar or
larger predictive differences in past HOI evaluations on other streams.
The point should be made that the multiple regression method used to
develop the HOI model is basically an averaging technigus - a
complicated technique to be sure, but still working to average the datsa
input. What this means is that not all predicted values will be that
-ame as the measured values. Examination of Figures 1 and 2 in Binns
(1979) will show that not all of the values coincide.

A second possible explanation for the difference at SMR-&4 js simple
sample variation. The estimated standing crop measured in 1985 i=
exactly that, an estimate. Additiconzl samples tak at other times

would very likely produce different figures.

A third, and very plausible, explanation for the difference in predicted

and observed values is that the predicted figure does indeed represent




the potential trout abundance, and the trout population is being
stresced, and reduced to the ohserved level, by some limiting factar of
the habitat that is not measured by the HR@I. Yisual examinaticon of the
stream bottom at SMR-& is all that is needed to document the severe
siltation that exists there. Since the detrimental effects of =ilt
pollution on trout are well documernted in the fichery literatur there
is a very real possiblity that the brook trout population is being held
below its potential by that limiting factor. Since much of the =ilt
appears to be coming from the severe stream bank erosion that is
cccurring near SMR-5, stabilization of eroding banks in that area would
undoubtly do much to increase trout abundance at SMR-&. Of Course ,
stress from metal paollution could also be a tactor, bty

chemical examination of stream sediments, water quality and trout flesh
would be needed to verify that impact. Such is bevond the gcope of this

report,

The predicted and observed standing crop at station SMR-4 was

underestimated by 17.4 Kg“ha, while at the other three
difference was less than 11 Kg/ ha (Table 1). &1l

within expected limits of the HRI method.

The December, 1984 HQI predicted standing crop values

those reported for the San Miguel River staticons by Geotrans.

Predicted trout abundance was considerably lower at =ites SMR-2 through
4, with SMR-& showing the eatest reduction. These differences are due

to changes in the ratings assigned to seweral HRI attributes.

HOI HABITAT ATTRIBUTES




The ratings assigned to habitat attributes in the HRI esvaluation work
are presented in Table 2 and Appendix I. Examination of the table shows
that I changed 25 of the 45 Geotrans ratings (5é%). Each attribute will

be discussed below to point out rating differences or similaritiss.

Late Summer Stream Flow - This important flow attribute was rated a

"4" at all stations by Geotrans. Examination of the limited stream flow
records available for the S5; i River downstream from Telluri
Tate summer +low is
ie well within the specifications
in the HGBI Procedures Manual, and thi

attribute ars i ) to hawve been rated correct

However, examination of the stream flow conditions
summer on this river, as documented by color photo
stations in August and September, ¥ = W e R = i
oo high. A "4" rating represents th F eam habitat and
igned only to streams with =t ¢ and plentiful water +1cuw,
11» during late summer, treams have a consistent,
bank-to-bank flow and ar i3 A E the Rocky Mountainsz,
spring—fed, steady-— ¥ S¥E 3 relatively little variation

in the flow regime.

The color photos clearly show that the San Miguel River does not have
haracteristics that I would expect from a "4"

Rather, I feel that late summer stream flow conditions are

rating at SMR-2-4, and by a "3" rating




Since the HQRI Procedures Manual states that the late summer +1ow
attribute is ¢ : gage station records than from visual
observation, the question can quite rightfully be raized as to why I
disregarded the water flow records when rating the lower two staticons.

As noted above, the existing late summer flow conditions do not suppor t

the "4" rating that is indicated by the ; : Ferhaps the gage

records are skewed by the short period : 1d a wear or two of
exceptional stream discharage in this dra i 1is trpe of s=ituation
is discussed on pages 24-25 of the procedures manual, and an example
given showing how an erronecus rating would result from the

records skewed by abnormally wet or dry vears The manual urges caution
when using gage records; such should not be used without che g to sees

if the gage records do represent actual conditions.

Annual Stream Flow Mariation - The mean ASFY Ratio calculated for the

Miguel River gage was 37 during 1559 -&3, which meets the criteria

a "3" rating. After rating the late summer flow attribute, I did
not feel the gage accurately r d flow conditions in the river, as
discussed above, and disregare data when making my ratings.
1 felt that the color photos tak ; various seasons, and my own
obeervations made in December, 1984, were better indicators as
ratings. My ratings differred from those reported by Geatrans
stations SMR-3 and SMR-4, and were lower in both cases. &t SMR-3, water
flows become very low during late winter, evidently because water + 1o
sinks into the stream bed, and the ztream in this section could almost
be classed as intermittent in charax which is a "0" rating. Howeuver,

I gave this site the benefit of the doubt and rated it a "iv,




Temperature - Both Geotrans and I us : temperature data supplied by

Water, Waste and Land, Inc (WWLY., it . ar ¥ S ame xcept t
SMR—-&, where the 4.1C reported by WL zppeared to be erronsous because
it was exceedingly Al > : stream temperature in the river genera
increased with pr 24 cwnstream assumed that the river at SHMR-£

would warm up to sl B0 1 i o R G o a6 G

Mitrate Nitrogern Eo . ASE| ey cthibetattr byt

Tetely erronecus use they apparently based their ratings on

rather tham on nitrate nitrogen

ating table for this attribute iz based on
nitrate concentrations, without converting
rate nitrogen Cas dicussed on page 52 of the HOI Procedure

Manual) will produce ; *ibute rates that are too high.

Cover The HOI Frﬂredurea Marnual s i Hiles =tai how the

attribute is to be measured. This A ditriedl tiatte i By te

measure because | i a Knowledge of where trout Tive in
and what provides shelter (cover) for them. For HRI purpose
patch of cover (undercut bank, deep pool, or whatever) iz
directly to obtain the square feet of cover available there.
Measurements for all cover are later summed and

stream area in the study section to get percent cower, which
entry parameter into the rating table. Gectrans reportedly meas
cover by taking the percent of linear bank t{both sides) providi
which was estimated by the cbhserw This g ti

rating value at SMR-4. Cover for trout at




that the incorrect procedure did not cause any problems there.

Eroding Stream Banks For proper use : HGI method, =ach eroding

gtream bank must be identified and measure The total footage of

eroding banks for the study cite is divided by total station tength to

get percent eroding banks, which is the entry parameter into t ating

table. My ratings for this attribute differ from those of Geotrans at

four of the five si .. Geotrans reportedly als timated this variable

during electro fiching activities,

Substrate (Fish Food) 1 ratings for this attribute differed from

thos f Geotrans at thr o f = five zsites They reportedly rated the
attribute from aguatic wu ; abundance on the stream bhottom, which
is acceptable procedurs to the HEI Frocedures Manual,
Howewer, the manual 3 auti in applying this approach becazuse
relationship between aquatic vegetation
fish food abundance. I no longer use thisz technigque
is problem, and prefer instead to rate a streazm from actual
tish food population. I rated the San Miguel River

actual ss s of fish food collected from the stream by

Chadwick & Associa

Melocity accepted procedure for measuring water velocity

HQI evaluation is to inject a slug of fluores t dye into the

and time its pass; through the study sectins The dye method was

incorporated inf @l to give a quick, easy—-to-use technique for
1

measuring water ue ity. This method ives a time—of-travel velocity,

in feet per second, along the thalweg, which is the line of deepest




flow. Since flow along the thalw is ofte E e i T

tigure produced by the dy
stimate chtained by other methaods.
Geotranse at all +ive study
Dikipather "o
& made by
they did not us
they used an

dre sprea

d on page

Manuzal .

Width 1 ~at i s St he wiidth

ati'atl

af the HQI Proces

the

througt




CONCLUSTONE AND RECOMMEMDATIONS

The information developed by the HGI measurements obtained
1984 lead me to conclude that the HRI evaluations reported
are faulty, mostly because they did not follow the correct

specified in the HQl Procedures Manual.

However, the December work violated ane important assumption of the HQI

method. For best results, the procedures manu: recommends that the HQI

measurements be obtained during the late summer period. This period is
speciftfied as the month of August and the first half of September, and is
when the original B asUr £ were collected durin

the model . &nother r 3 For ispecifxing dataicollectio

time period is to avoic £ at possible, the natural

abundance inherent in wild populations of aquatic organi

respond to seasonal changes in habitat conditions.

While HBI measurements can be collected during times ot Syl
peciftied late summer period, due caution must xercised when

interpreting the results, and the person doing the evalustion must Keep

in mind that the results may be skewsd or iazed by seasconal variation.

Fegarding the December HOI evaluations

that the work was valuabkle in that

that could be nced to asse=s salidity of the HOI
reported by Geotrans. However , anse the work

the specified time pericd, not all questions rzised by

it




.

evaluation can be answered with total assurance. For example, water
flows are likely different in late summer, as opposed to late fall or
early winter, meaning that cover and velocity may be different. Also,
Judging some eroding banks was difficult at a few place: & CaUS F S0 C

cover on the stream banks in December.

FRpccordingly, I strongly recommend that, if time permits, ths San Miguel

River study stations be re-eu s using correct HRI methodology,
during the late summer of is re—evaluation will do much to
detinitely resoclve the guestions vt now exist about the HOI

evaluations reported by Geotrans.
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Comparison of observed and predicted standing crop of brook
trout in the San Miguel River near Telluride, Colorado. HOI
measurements collected on 12/4-5-84 were used to calculate
predicted valuez. WMalues in parenthesis are those reported
by Geotrans et al. 1985,

STATIOM

TROUT STARDING CROP
(kosha)

OBSERVED EREDTETED DLERERENCE

v

1 L L




Table 2. abitat attribute ratings for the San Miguel River near
ide, Colorado as determined from HOI measuremsn

December 5, 1784,

78& are shown in parenthesis.

Habi tat Attribute Ratings ?

Station CPSF ASF Mgz Cover Eroding Substrate Welocity Width
Banks

CPSF = Late summer stream flow; ASFY = Annua
variationy Temp = Maximum water temperature
nitraogen.




APPENDIX 1a. HGI ratings at Station SMR-2Z2.
HSEBITAT GUALITY INDEX ATTRIBUTE RATING SHEET

STREAM: San Miguel River STATION: SMR-Z
DATE D&Te COLLECTED: 127°5/8& HOL SOORE = A1 D2l o h 2

ATTRIBUTE BATA

R&T ING

Late Summer Stream Mo gage; rated from field visit &
Flow (CPSE) from color photos takenm in 19285,

Annual Stream Flow
Variation

Max imum Summer Stream
Temperature

lated from Chadwick
conc. = 0,024 mgol

Rated from measurement
cover = 4.0} of tatal

Rated +rom Chadwick
fish

Water Welocity Fated from m
velocity =

Stream Width Rated from measurements made
width = 4,92 m

(=003 2cHia0s 1 oglidd3s
+L00SS1 0l aalQaFI+ (071 82)
2.592 Kgsha

T

2233l o ';Jl O3




ARPENDIX 'I1b. HBI ratings at Station SMR-=3.

HABITAT GQUALITY IMNDEX ATTRIBUTE RATING SHEET

STREAM: Sanm Miguesl River STATION: SSMR—3
DATE DATA COLLECTED: 1275784 HE I SEORE s 201 4

ATTRIBUTE

FeT MG

ted from field
hotos taken in

Annual Stream n " ac ated ; field wi
Variation trom photos. W ok low s
in mid-winter, w stream
gcsentially dry in spots -
rating might be more appropri

Max imum Summer
Temperature

from Chadwick
= 0.045 mgsl

from measurements m;
ot total)l ar

Fated from Chadwick & Aseoc.
fish food = 40 arganisms per

Rated from
velocity =

Stream Width Fa : measurements

£

HQI Score (=0 .9033+C0 8072 10gl0i3)+40,2;
+(0,a3101oal0cZr+ 00, 183253 ot 0cl]
7.14 Kgsha




APPENDIX 1c. HGEI ratings at Station SMR-4.

HABITAT QUALITY IWDEX ATTRIBUTE RATING SHEET

STREAM: San Miguel River STATION: SMMR-4
DATE DATA COLLECTED: 12/5/86 HBT  SCORE: 82,36 kasha

ATTRIBUTE DATHA FaTING

Late Summer Stream ; rated from ftield visit &
Flow {CPSF) ; \ 1otos takenm in 1985

Annual Stream Flow
Variation

Max imum Summer Str & from Chadwick
Temperature

from measurements made
10.74 ot total

from mea
Hrﬂdlnu b*nkc

Rated from Chadwi‘V
fish food

Rated from
velocity =

Stream Width

HRI Score {-0,708)+00.8072)10gl0C3]
+(0 4312 Yoql 0C2B)+(0 1
S2.86 Kda/ihz




APPEMNDIX 1d,
HRBITAT QUAL

STREAM: San Miguel Riwver

DATE DATA COLLECTED:

HGI ratings

1 2/9¢

at ShiR =51

Station

ITY INDEX ATTRIBUTE RATIMG SHEET

STATION: SMR-S5
HGI SCORE: 74.44 kKg-ha

24

ATTRIBUTE

RAT ING

Late Stream

Flow

Summer
{CPSF)

Aannual
Variati

FMax imum Summer
Temperature

= g4 -
R R O
: 1585
4p ihaiime T hoa
ecords are
iod of record

field Ul'it & in
and a "4" rating
high. Perhap th
skewed by the
and a wet year

el v

Rated from field vizit & photos -
see remarks
records,

under CPSF. (& wrs.

ASFY Ratio

from Chadwick
i,

from Chadwick &
0.05%9 mogs

from me
couver = 2

from
erﬁdlﬁu banks=s

Rated from C
fish food =

ated from
velocity =

Mme asuremern
=2%.0

measurements made 125588

width

-0 S0 dnilE
+RU é3121ogl
74,44 kKasha

I+ 00,
)]OulUkl’

‘1ug1U'-‘+l1.;::l‘ﬁu1H~5§




APPENDIX le. HRI ratings at Station SMR-&.
HAEITAT QUALITY IMDEX ATTRIBUTE RATIMG SHEET

STREAM: San Miguel River STAHTION: SMR-&S
DATE DATA COLLECTED: 127484 HEF SCARE i 02 02 K

ATTRIBUTE DATA RAT ING

Late Summer Stream & ¥rs. gage records - CPSF
Flow CCRSF) *q' s HOWEVER, CPSF rated
tield Ulicit & phulh.m
and & "4" i
Fiiigh .
skewed by
and a wet

Annual Stream Flow 3 from +ield
Variation ; marks undwr
ASFL

Max imum Summer Stream
Temperature

Rated from Chadwick &
conc. = 0,054 mogs

Fated from measurements
cover = 10,024 of tota

Rated from me
eroding b.:l.ﬁl‘i:

FRated from Chadwick & &szoc.
tigh food = 118 organisms

Water Velacity Rated from m
velocity = &

Stream Width Fated from measurements mads
width = 10

»FU33+(0.8072ogl0d43+40, Z B Ploglidg:
3121agl0c422+<0.,18 “'Jlnu

2 Ko/ ha
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» GOVERNOR

Came and Fish @eﬁa&/men/

BILL MORRIS
DIRECTOR

Oectbober il @ 11987

Steve Canton

Chadwielk and Associates
5721 IS Spotswood

Lttt eton @ (Cor 80120

Steve,

You asked me to comment about my views on the use of the HQI model (Habitat
Ouality Index) ‘as a predictive tool. "As 1 expressed over the phone, 1 feel
the model has limited use to predict fish standing crops in a stream.

After doing numerous HQI s and electrofishing population estimates at the
samestreamiistataon W Feound tee mich vartation' te make Ethe model 'a istand
alone estimator. This was particularly true in small, high elevation
streams where limiting factors occur (eg. winter ice conditions or high
spring time runoff) that are not measured by the HQI. Data from these same
streams were never used in the development of the model which could help
explain why there is seldom correlation between what is actually there and
what the HQI says should be there. I have enclosed a list of some streams
we have measured in this area where an HQI and Electrofishing estimate were
taken (through the same station). As you will see, the is a lot of
variation and you can never accurately predict how much variation you will
see. The «anly general correlation T found was HOIL'S 'on high elevation
streans with a relatively straight channel will predict higher than the
actual estimate and streams with numerous beaver ponds have higher
populations than the HQI predicts. The trouble is you cannot predict the
magnitude of the differences.

The HQI"s real value is to quantify habitat parameters that are important
to trout populations before and after any activities occur that may change
the habitat. From this sampling you can get a relative change if
development activities were to occur or if habitat improvement structures
were installed. The HQI (if done right) can point out which limiting
factors in a stream could be altered to improve a fishery and how much
improvement to expect.

I hope to see a refined HQI model(s) in the future that could be a good
population predictor but right now any one using it for that reason is
risking their professional credibility (especially if a lawsuit was ever
involved). If you have any other questions be sure to give me a call or
write.

2
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Headquarters:™5400 Bishop Boulevard, Cheyenne, Wyoming 82002




HQI MEASURED
STREAM heME NCATIO B N SEAREICIEBSAAE) LBESAC

Fish Creek Wl 20 Z27 MG Wil ée.8
Fish Creel NS 529 NEL/4 Der
Elopthy Blifnabii G RELS IR SZdEREL 24

S Cotitanead Gt R LG A aRE ST

Teepee Creek RIMINEER 5 S

Nor th Horse Cr R1L147I84 it SEL 49

Morth Horee Cr F114 T34 57 NW1/4

North Horsze Rit4 T34 58 5L1-4

Mew Fork River Mocroft Ranch

Mew Fark State Land (Airport Section?

Klondike C 4 Lower Station

Klondike ol Upper Station

Tosi Creek Above Moore Ranch
Gypsum Creek Elalen el ama
Gypsum Creek RIQR T2

Scouth Beaver R114 T22 5!
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OF WYOMING MIKE SULLIVAN
GOVERNOR

Came and Fisth @eﬁa/&/men[

B'LL’R":COT‘;R“'S October 13, 1897 260 Buena Vista
i Lander, Wyoming 82520

Mr. Steve Canton
5721 South Spotswood Street
Littleton, Colorado 80120

Dear Steve:

With Reference to your recent discussion with Bob Pistono about
HQI uses, let me emphasize again that the HQI was originally designed to
quantify a fishery resource in non-monetary terms. The original intent
was to provide an objective and quantitative evaluation of trout habitat
in terms of a standard unit of measure; namely, trout habitat units. Thus,
I feel that the primary use of the HQI was, and still is, habitat evaluation.
Please note that we have refined the method for calculating habitat units.
The current procedure is outlined in Conder and Binns (1986), a copy of which
is enclosed.

Because a regression method was used to develop the HQI model, predicting
or estimating trout standing crop is a valid use of the model. However, those
using the model to predict standing crop should keep in mind the natural
variability associated with the process and the real fishery work. That is,
while the HQI provides a good estimate of trout standing crop in the majority
of cases, the HQI predicted value may not be a hard and fast figure for
several reasons.

First, the HQI model is derived from a multipile regression analysis and
is such, in simplified terms, is an "averaging" technique. As with all
averaging methods, there will be HQI values that fall both above and below
the true value. This is a normal process.

Second, there is variation associated with collecting the habitat
measurements. Even using the same measuring team, if we make successive
measurements, normal sampling variation will cause a scattering of the
results from the measurements. Perhaps the crew gets tired or hungary, or
bored, or cold/hot and so on. If we use different people or different sample
times, then variability is further increased. Likewise, if one takes "short
cuts" while making habitat measurements, then greater variability should
be expected in the output from the HQI model.

-

Headquarters: 5400 Bishop Boulevard, Cheyenne, Wyoming 82002




Letter to Steve Canton
October i3 1037
Page Two continued

Third, we are predicting, (I think estimating is a better term) a
natural population with all its built in natural variability. A trout
stream is in a constant state of flux. The habitat conditions that we
measure to plug into the HQI model change constantly. An HQI evaluation
done today and repeated, at the same site, next month and next year quite
likely will yield different predictions of standing crop, due to changing
habitat conditions, if nothing else. Restricting the HQI measurements to
the "critical period" is an attempt to reduce variability from natural
sources; but nature being nature, its elimination is impossible. At the
least, HQI evaluations intended to measure habitat perturbations, such as
habitat improvement projects, should be repeated as far as possible under
the same habitat conditions. For example, water flows should be approximately
the same both times.

The point to keep in mind is that a given HQI evaluation may or may not
yield the "true" trout standing crop value. A HQI evaluation of a stream is
like one electrofishing evaluation. Both are simply "grab-samples" that
give us an ESTIMATE of the true standing crop value. For best results, we
would need to take 20-30 HQI or electrofishing samples and calculate mean,
standard deviation and confidence limits. We could then state with confidence

that the determined value is "THE" expected value for that stream.

Quite obviously, none of us have the time, patience, and money for that
type of evaluation. Thus, we are reduced to relying on our "grab-sample"
evaluations to indicate the fishing value for a given stream. Which
is fine, provided we remember that our predicted value is only an estimate
of the true value, and is not necessarily the real McCoy. Our estimate is
only one of an array of estimate-points that cluster around the true value.

Forgive me if I have belabored the point here, but too many times,
professional biologists tend to treat the output from electrofishing evaluations,
or models, such as the HQI, as "magic" values that are engraved in stone and
handed down from on high.

The HQI has worked quite well for us and we consider it to be a valuable
habitat evaluation tool. We use the model for general trout habitat assessment,
in the planning phase for stream improvement projects, and in evaluating the
effects of habitat improvement work.

If you need further information, feel free to let me know.

Sincerely,

N. Allen Binns, Supervisor
Fish Habitat Crew

Enclosure
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RESERVOIR IMPACT ANALYSIS USING HABITAT UNITS
FOR TROUT STREAMS

ALLEN L. CONDER
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N. ALLEN BINNS

WYOMING GAME AND FISH DEPARTMENT
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LANDER, WYOMING 82520

ABSTRACT

Two habitat quality indices are used in Wyoming to analyze impacts of proposed
reservoirs on trout streams. The habitat quality index (HQI) is used on stream habitats and a
reservoir quality index (RQI) is used to predict reservoir habitat. Both habitat quality models
define habitat in terms of standing crop and can be used to develop estimates of habitat units

(HU).

The predictive capability of the HQI allows habitat improvement strategies to be
developed which would mitigate stream HU losses associated with reservoir construction. A
mitigation strategy based on habitat units addresses the basic issue of the fishery resource
and allows a fishery manager a position of greater strength for negotiation.

INTRODUCTION

Fishery managers have long been concerned with the value of fishery resources, especially
-when dealing with benefit-cost evaluaticne of proposed: water development projscts. Attempts to
assign monetary values to fishery resources for use in benefit-cost analysis have not always been
realistic or successful. However, federal legislation in the early 1970's led to drastic changes in the

evaluation of water resource projects.

In response to the Water Resources Planning Act (Public Law 89-80), the Water Resources
Council (1973) established principles and standards for planning water and related land resource
projects. These rules required both an economic and environmental evaluation before approval of any
federal project with potential impact on environmental quality. This meant that both monetary and
non-monetary evidence must be considered when analyzing project feasibility. Thus, for the first
time, non-monetary evaluations of fishery resources became an accepted procedure. This new
approach contrasted with past practices where project feasibility was often decided soley by monetary
(benefit/cost) considerations.

: Unfortunately, procedures for non-monetary measurement of aquitic ‘habitats were primitive
when the new rules were issued and a methodology gap soon became evident. The need for an
objective, standard habitat evaluation procedure soon became acute.




Accordingly, projects were initiated by the Wyoming Game and Fish Department to develop
standard procedures for evaluating trout habitat. Two models have been developed to assess trout
habitat in Wyoming. The habitat quality index (HQI) (Binns and Eiserman 1979, Binns 1982) is
used to evaluate stream habitat. A second model, reservoir quality index (RQI) (Whitworth 1985) is
used to evaluate reservoir habitat. Both models assume that the best habitat for trout would be

i that standing crop is a consistent index of existing
habitat quality. The purpose of this paper is to present analysis for proposed reservoirs on trout
streams using the habitat quality models developed in Wyoming. A mitigation strategy based on the
use of these models is also presented.

HABITAT UNIT CONCEPT

The concept of a standard unit of habitat measured called a Habitat Unit (HU) was introduced, but not
defined by Anonymous (1974). There was a need to define and quantify this measurement unit so it
could be used in habitat evaluations. For our purposes, a trout HU was defined as follows: one trout
HU is the amount of habitat quality required to perpetuate one pound of trout standing crop per
surface acre. Since both habitat quality models define habitat in terms of standing crop, they can be
used to develop estimates of HU.

STREAM HABITAT UNIT ANALYSIS

A key work in our HU definition is perpetuate. Since stream habitat normally provides an
ecologically completed habitat (i.e., trout are able to complete their life cycle), standing cropina
stream is a measure of HU. Thus, a stream habitat unit (SHU) is equal to an HU.

The HQI model (model II) was developed using multiple regression analysis from data on 44
Wyoming streams (Binns and Eiserman 1979). The relationship of HQI score to standing crop was
defined by the equation of the regression analysis (Figure 1). Since the HQI was developed, it has
been used on many Wyoming streams. Although it has been used mostly as an index to habitat
condition and model performance, when used to predict standing crop, it has generally been
satisfactory.

An HQI Model II score is calculated from the HQI model, using nine habitat attributes:

HQI score = log;o (Y + 1) = (-0.903) + (0.807) log1o (X1 + 1) + (0.877) logio
(X7 +1) (1.233) log1o (X3 + 1) +0.631 logjo (F+ 1)+ (0.182)

log1o(S+1)

Where: Y =HQI score
X, = Late summer flow

X7 = Annual stream flow variation

X3 =Maximum summer stream temperature
X4 =Nitrate nitrogen

X7 =Cover

Xg = Eroding stream bank




Xg = Substrate (submerged aquatic vegetation)
X10 = Stream width

F =Food index = X3(X4)(X9)(X10)

S = Shelter index = X7(Xg)(X11)

A
¥V 3 6.680 +0.8887 (X)

Standing Crep Eotimatse (Ibs/aire)
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Figure 1, Relat?onship between Habitat Quality Index (HQI) score and
staqung crop at 44 Wyoming Streams evaluated with the HQI model
II in 1975-1979. : :

If the HQI model could be refined to the point where a 1:1 relationship exits between standing
crop and HQI score, the HQI score and standing crop would be synonymous. However, unless this
point is reached, the linear regression model provides a conversion factor to estimate standing crop

from the HQI score:

If for example 50 = HQI score, .
then, y =5.686 + 0.9557 (50)
y = 53.5 which is the estimated standing crop/acre.

Thus, if given a trout stream had an HQI score of 50, the value of the habitat would be 53.5
trout/HU/surface acre.




The HQI, and resultant HU provides objective and quantitative evaluations of the stream trout
fishery resource in non-monetary terms. This provides a useful method for quantitative impact
analysis of stream habitat with a proposed reservoir. Determining stream fishery losses may be done
by first determining the acres of stream habitat inundated by a proposed reservoir alternative. Acres
inundated multiplied by the HU value per acre provides a quatitative estimate of stream fishery losses.
A hypothetical example of this procedure is presented in Appendix A.

RESERVOIR HABITAT ANALYSIS

Two concepts have been used to debate the value of reservoir habitat as a trout producer. First,
reservoirs do not provide an ecologically complete habitat. Reservoir habitats usually can support
trout, but trout are unable to complete their life cycle (egg to egg). This contrasts with stream habitats
which generally provide all habitat attributes necessary to perpetuate trout. A trout population in a
reservoir without the hatchery product, would be unstable and under extreme circumstances, it could
be extirpated.

A second concept, that of habitat integrity, has also been applied to reservoirs. Habitat
integrity is a measure of the geological and biological aging of a reservoir with reference to trout
productivity. That is, how long can a reservoir be expected to function as a trout producer before it
fills up with silt and organic debris or facilities (dam) decay? Although geological and biological life
expectancies are not synonymous from the standpoint of trout production, generally the reservoir
aging process will depreciate trout production. Actual habitat is lost by silt deposition, and perhaps
more important, by a depreciation of the available nutrients and by an increase in fish species other
than trout. While most reservoirs have a relatively short life span, a stream, in the same time span,
should remain basically the same.

We recognize the fact that reservoirs can generally support trout, but we also must
acknowledge the limitations inherent with reservoir habitat. Standing crop in a reservoir is, therefore,
a measure of reservoir habitat units (RHU) and not HU. For our purposes, a RHU is defined as: the
amount of reservoir habitat quality to support one pound of trout standing crop per acre. Because
reservoir habitat declines in value (i.e., trout production) and recruitment is from an external source, a
comparison of RHU and HU is not possible.

Ryder (1965) developed the Morphoedaphic Index (MEI) as an estimator of biomass in lentic
habitats. Work by Facciani (1976) on several Wyoming reservoirs demonstrated an apparent
relationship of fish biomass to the MEI. Work by Whitworth (1985) has refined the MEI relationship
for Wyoming reservoirs and developed a Reservoir Qr%ality Index (RQI). A close relationship has
been demonstrated between the RQI and fish density (r< = 0.97).

Since new reservoirs on Wyoming trout streams are almost always essentially trout producers
for the first few years after impoundment, the assumption is usually valid that the RQI is a good
measure of the potential trout density (RHU) in a proposed reservoir. Determination of RHU in a
proposed reservoir follows a procedure similar to that used for the HQI in stream habitats.

Assume that a proposed reservoir will have a maximum depth of 30 meters and estimated total
dissolved solids (TDS) of 300 mg/l, the RQI is used to predict RHU as follows:

log. Density per area = 4.0016 + 0.004 (TDS) - 0.0241 (maximum depth)”
Density per area = 88 = trout per hectare
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Since an average trout in Wyoming reservoirs is 0.34 kilograms,
88 trout per hectare X 0.34 kg = 29.9 kg/ha

then, by using an English conversion factor

29.9 kgr/ha X 0.892 = 26.7 pounds/acre.

We have estimated a potential standing crop of 27 pounds/surface acre or 27 RHU/acre.
Calculations of RHU assume that an adequate minimum pool and recruitment (hatchery product) are
provided.

Calculation of potential RHUs is similar to calculations used to evaluate stream habitat. The
RQI provides an estimate of potential standing crop per acre. This value multiplied by reservoir acres
at the normal high water line provides a quantitative estimate of potential RHUs that could be
developed (Appendix A).

MITIGATION ANALYSIS

Once the HU evaluation is completed, a mitigation plan can be developed. A mitigation policy
was adopted by the Wyoming Game and Fish Commission in 1985. Four resource categories with
mitigation planning objectives of decreasing stringency were developed (Table 1). Resource
categories are determined by four criteria: 1) species present, 2) stream class, 3) management
concept and 4) special use.

Table 1. Resource categories and mitigation objectives.

Resource Category Mitigation Objective

Irreplaceable Habitat No loss of exisiting habitat value.
High Value Habitat No net loss of in-king habitat value.

Moderate Value Habitat No net loss of habitat value while
minimizing loss of in-kind habitat value.

Low Value Habitat Minimize loss of habitat value.

Consistent with the mitigation objectives and the Wyoming Game and Fish Department's
strategic plan for maintaining stream mileage and fishermen days on streams, development of
reservoir habitat (RHU) cannot mitigate the loss of stream habitat (HU). Development of reservoir
habitat is viewed as fisheries enhancement and a mitigation plan must be developed to address stream
habitat losses associated with reservoir construction.

Perhaps the greatest value of using the HQI for impact analysis is its predictive capability to
assess mitigation issues. Creation of new stream habitat areas is extremely difficult at best. Thus,
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mitigation of lost stream habitat normally entails improvement of existing stream habitat to supporting
a high enough standing crop to compensate for fishery losses. Use of the HQI allows us to evaluate
various "what if"" habitat improvement strategies. By simulating improvement in one or more of the
habitat attributes incorporated in the HQI model, quantitative predicitive estimates of HU gains can be
made. Developing mitigation recommendations becomes a process of determining which habitat
improvement measures are needed over a prescribed area to provide adequate HU gains to
compensate for a project's negative impacts.

Development of a mitigation plan using the HU concept offers many advantages to the fisheries
resource manager:

1. Analysis using the HU concept evaluates the resource which could be lost and addresses
compensation of this resource with a like resource.

Fisheries mitigation is a project responsibility to alleviate project impacts to a public |
resource. Presentation of non-monetary evidence presents a simple "buy out" of a public
resource.

Compensation is not based on the monetary value of the fishery resource lost, but the
cost of implementing the mitigation measures to develop a suitable amount of habitat.
The formidable task of determining an equitable estimation of the monetary value of the
fishery resource is not necessary and should not be included in the negotiation process.

Since various habitat improvement strategies could be employed to develop the HU
needed for mitigation, several avenues for negotiation are open. With the flexibility of
several mitigation options, a plan can more often be developed and negotiated.

Knowledge of the habitat improvement measures needed to provide adequate mitigation
allows for cost estimates of the mitigation measures to be incorporated into the project
cost. This is important for fisheries mitigation to effectively be a project responsibility.

The habitat quality models and HU values developed from them are consistent with U.S.
Fish and Wildlife Service's Habitat Evaluation Procedure and can be used in the
Coordination Act Report.

Several water development.projects have been successfully negotiated using the HU concept in
Wyoming. The HU concept has been accepted by laymen because it equates the nebulous concept of
habitat directly to pounds in fish. By addressing the basic issue of fishery resource, a fishery manager
is freed from monetary evaluation and is allowed to negotiate from a position of greater strength.
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United States Medicine Bow National Forest

Department of 605 Skyline Drive
Agriculture Laramie, WY 82070-6003

Reply to: 2610
Date: October 14, 1987

Steve Canton

Chadwick and Associates
5721 South Spotwood Street
Littleton, CO 80120

Dear Steve:

Regarding our phone conversation on October 13, I am sending background
information leading to the development of the modified Habitat Quality
Index (HQI) models. I could not include the modified rating for stream
width and the modified models because the information was unavailable to
me at this time.

The study was funded by the Medicine Bow National Forest as part of the
Fish Habitat Relationships System. All stream reaches were located in
watersheds which were relatively unimpacted by man. My research indicated
that brown trout and brook trout abundance and habitat features were
similar between B2 and B3 channels (Rosgen's channel classification
system), while C3 channels differed from both B2 and B3. Also, habitat
features correlated with trout abundance varied between species and
channel type (B and C). A paper regarding this work was published in the
Proceedings of the Colorado-Wyoming Chapter of the American Fisheries
Society 198T.

The streams Binns used to develop the HQI included both B and C channel
types. Development of a generalized model, like the HQI, from my data may
be an over-simplification and lead to erroneous results,

The second aspect of my study was to evaluate six models which assess
stream habitat quality and predict trout abundance and to modify them for
use on the Medicine Bow National Forest. The HQI (Model II) was one of
the six models. The first part of my research indicated that separate
habitat models were needed for different species within a channel type.

Correlation analysis was performed with the HQI variables and trout
abundance. The stream width rating was modified because of its consistent
negative correlation with trout abundance. The rating criteria was
reversed from that of Binns. Since stream width was one of the components
of the shelter index, the modified stream width rating was substituted for
the original rating, and a new shelter index was calculated. Two modified
regression models were developed for B channels; one for total standing
stock and for brook trout standing stock.

FS-6200-28(7-82)




2600 Mr. Canton: Page 2
I hope this background information is of some help. It would be of help

to us if you could send information on how well the model performed
(stream names, location, and measured and predicted standing stocks,

Sincerely,

iy %,

STEVEN J. KOZEL
Fishery Biologist

SJK:pah
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CHADWICK & ASSOCIATES

5721 South Spotswood Street
October 19. 1987 Littleton, Colorado 80120
: (303) 794-5530

SUPPLEMENTAL REPORT

: TROUT HABITAT MODELLING IN THE
SAN MIGUEL RIVER NEAR TELLURIDE, COLORADO

Background

Trout fisheries and habitat in San Miguel River have been studied extensively during the
past few years by the State and the Idarado Mining Company. Particular attention has been
paid to the trout biomass and the potential for increases in trout biomass. Biomass has been
estimated using two different methods: 1) Empirical estimates based on field electrofishing
by Chadwick & Associates (1986) and 2) modelled estimates based on the Habitat Quality
Index (HQI) as used by both the State (Geotrans et al. 1986) and Idarado. This model
estimates trout biomass from habitat measurements and was developed by Dr. Allan Binns,

Wyoming Game and Fish Dept. This supplemental report briefly describes past electrofishing

and modelling efforts as well as recent revisions to the HQI model and the effects of those

revisions on the biomass estimates in the San Miguel River.

Discussion

Trout biomass predicted by the State using the HQI often exceeds the actual trout
biomass estimate determined by Chadwick & Associates (1986) from stream electrofishing (Table
1). Even a later reevaluation by Dr. Binns (1986) of the State’s application of the model
resulted in predicted biomass greater than actual biomass at the stations downstream of
Telluride (Table 1).

TABLE 1: Trout biomass estimates (kg/ha) from the San Miguel River.

SAN MIGUEL RIVER
METHOD 3 4 5

Electrofishing (Chadwick & Assoc. 1986) 0 6 a2 66
HQI (Binns’ current predictions) 27 18 78
HQI (State’s current prediction) 27 18 103
Modified HQI (total trout) (not calculated) 76 54
Modified HQI (brook trout) (not calculated) 33 12
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Differences between observed and HQI predicted biomass are not uncommon, with
predicted biomass often falling above or below the true value (Remmick 1987, Binns 1979).
This can be a result of a number of factors not taken into account by the HQI such as
siltation, extreme flow events, winter ice cover, etc. Additionally, it is important to
understand that both the actual biomass and HQI predicted biomass are estimates with their

own variability and confidence limits.

In order to understand the seeming disparity between modelled and actual biomass noted
above, it is important to understand the nature of the HQI and other models comparing trout
habitat with trout biomass. Relationships between habitat and trout biomass can vary widely
with stream type and trout species. The original HQI model was developed from a large data
base of streams ranging from small, high altitude, high gradient streams to large, low gradient,
low elevation rivers (Binns 1979). As such the general HQI model is not necessarily the best
predictor for trout biomass in all stream types or for all trout species. In fact, the HQI was
not originally intended as a predictor of biomass, but rather as a tool for trout habitat
management (Binns 1987, Remmick 1987). Used correctly it can quantify habitat parameters
and help in determining what habitat enhancement measures can be taken to improve a
fishery. When used in this manner, the discrepancies between modelled and actual trout

biomass become meaningless.

In a recent study concentrating on the relationship between habitat and trout biomass
in mountain streams, a number of indices were compared, including the Habitat Quality Index
(HQI) of Dr. Allan Binns (Kozel 1987). When the biomass predicted by the HQI was compared
to actual biomass for 48 streams, there was only a slightly significant correlation (r = 0.49).
This results in a coefficient of determination (Rz) of only 24%, meaning that only 24% of the
variability was accounted for by the HQI biomass/actual biomass correlation. When compared

to brook trout populations only, the R? decreased to 18%.

A modified HQI has been developed by Kozel using only those factors found to be
significantly correlated to trout biomass. Two revised HQI equations were developed for

streams similar to the San Miguel River; one for total trout biomass and one for brook trout.

The modified HQI formulae are as follows:
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Total trout biomass (kg/ha) = 3.57 (X7 * X5 * Xy;) + 54.21
Brook trout biomass (kg/ha) = [3.57 (X7 * Xg * X;;) + 35.44 - Xg] - 94.46

where X; = cover rating

Xg = eroding streams bank rating

X,; = stream width rating

The revised models were developed for permanently flowing streams. Therefore they can
only be applied to the three sites downstream of Bear Creek (Table 1). Figure 1 compares the
results of this reanalysis using the modified HQI for total trout, the actual numbers of .trout
collected in 1985, and the results of modelling by the State and Dr. Allan Binns using the
original HQI. The modified HQI total trout values are virtually identical to the actual biomass
at SMR 4 and diverge only slightly at SMR 5 and 6 (Table 1). This modified HQI has
confidence limits of +40% based on comparisons to actual trout biomass (Kozel 1987). In the
San Miguel River, actual and predicted biomass confidence limits overlap at SMR 4 - 6

indicating no real difference between the estimates at these sites.

Electrofishing (C & A 1986)
— — - Modified HAI (Total Trout)
——— HGI (Binns®' current prediction)

—--- HQI (State’s current prediction)

Trout Biomass (kg/ha)

Sampling Station

FIGURE 1: Trout biomass estimates from the San Miguel River.
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ABSTRACT

'The goal of the Fish Habitat Relationship (FHR) program of the
U.S. Forest Service is to integrate fish habitat inventory and
evaluation into interdisciplinary forest resource planning and
management. The Medicine Bow National Forest (MBNF) is one of 12
forests participating in the FHR program. The FHR system will use
selected stream habitat and geomorphic variables to predict potential
trout standing stock in forest streams. Habitat was measured over
200-m stream reaches using the transect method on relatively
undisturbed stream systems in the MBNF. The influence of three
important channel types (Rosgen's B2, B3, and C3) on trout standing
stock, measured habitat variables, and geomorphic features were
determined using analysis of variance and correlation analysis.
Variables which influence trout abundance in streams on the MBNF were
identified for use in FHR model development.

INTRODUCTION

The Fish Habitat Relationships (FHR) System is a nationwide program being
conducted by the U.S. Forest Service. The objective of the FHR program is to
integrate fish habitat inventory and evaluation into interdisciplinary forest
resource planning and management. The Medicine Bow National Forest (MBNF) 1is
one of 12 test sites across the United States. Two objectives of this study
were to determine if there are differences in stream habitat and trout standing
stock in B2, B3, and C3 channel types as defined by Rosgen (1985) and to
determine the statistical relationship between trout standing stock and
selected habitat variables.




METHODS

In 1985 and 1986, 48 stream reaches were sampled in the MBNF. All stream
reaches were located in drainages which were relatively unimpacted by man's
practices. Streams located on the MBNF were primarily B2, B3, and C3 channel
types. Therefore, sampling effort was concentrated on these three channel
types.

The B2 channel type was moderate in gradient (1.5-4.07) and dominated by
large cobble substrate. The B3 channel type also was moderate in gradient
(1.5-4.0%), but the dominant substrate was gravel and cobble. The C3 channel
type were found primarily in headwater and foothill streams. They were low in
gradient (.5-1.0%), and dominated by gravel.

The sampling protocol was based on 200-m-long stream reaches. To estimate
habitat parameters, the line transect method was used. Transects were spaced 4
m apart and seven equally spaced points were measured. At each point, stream
microhabitat was classified into 14 categories as defined by Bisson et al.
(1981). Substrate (6 categories; Platts et al. 1983) and percent embeddness
were estimated at each point.

Undercut bank and overhanging vegetation were measured at the left and
right bank. Canopy cover was measured at 40-m intervals using a solar
densiometer.

Estimates of trout standing stock were obtained at each stream reach using
the removal method. Three depletion passes were made with a backpack
electroshocker. Only fish 100 mm were weighed and measured. Program CAPTURE
was used to estimate trout standing stock.

One-way analysis of variance was used to determine if significant
differences existed between channel types. Arcsine transformation was
performed on all proportional data. Actual means are reported. A pair of
means underscored indicates no significant difference between the means.
Scheffe's test was used for pairwise comparisons. Pearson's correlation was
used to determine statistical relations between trout standing stock and
selected habitat variables.

RESULTS

Total brook trout and brown trout standing stock was highest in C3
channels and significantly differed from both B2 and B3 channels (Table 1).
Total brook trout and brown trout standing stock did not significantly differ
between B2 and B3 channels.

Percent embeddedness was highest in C3 channels and was significantly
different from the other two channel types (Table 2). The B2 channels had the
highest width-depth ratio and only B2 and C3 channels were significantly
different. Canopy cover in C3 channels was significantly different from the
two other channel types. Undercut bank was greatest in C3 channels and




differed significantly from the other two channel types. No significant
difference existed among channel types for overhanging vegetation and average
reach velocity. 1In most cases B2 and B3 channels did not differ significantly.

All six substrate classes were significantly different between channel
types (Table 3). Cobble was the dominant substrate in B2 channels while gravel
dominated B3 and C3 channels.

Riffle, rapid, trench pool, plunge pool, and glide microhabitat abundance
was significantly different among channel types (Table 4). Secondary channel
pool abundance was not significantly different among channel types. Again, in
most cases B2 and B3 channels did not differ significantly 1in stream
microhabitat.

Backwater pool and dammed pool abundance were significantly different
among channel types (Table 5). Lateral scour pools due to boulder/bedrock were
nonsignificant while lateral scour pools due to rootwads and debris were
significantly different among channel types. Pools due to rootwads were common
in C3 channels, while pools due to debris predominated in B2 and B3 channels.

It was determined that very few differences existed between B2 and B3
channels, so the two channel types were combined for further analyses.
Correlation analysis between total trout standing stock and habitat variables
indicated the importance of different variables to total trout standing stock
in different channel types (Table 6). Undercut bank was positively correlated
to total trout standing stock in C3 channels, but not correlated in B channels.
On the other hand, cobble was negatively correlated to total trout standing
stock in B channels, but not correlated in C3 channels.

Total standing stock was broken down into brook trout and brown trout
standing stock for each channel type and correlation analysis was performed
(Table 7). The analysis indicated again that variables associated with species
abundance were related to a particular channel type. Also, certain variables
were specific to a species of trout. For example, average reach velocity was
negatively related to both brook trout and brown trout abundance in C3 channels
while not related to the abundance of either species in B channels.
Width-depth ratio was a species specific variable being negatively correlated
to only brook trout abundance in both channel types.

CONCLUSIONS

Trout standing stock and stream habitat features did not differ greatly
between B2 and B3 channel types, but the C3 channel type differed substantially
from the two B channel types. Correlation analysis revealed that different
variables were related to abundance of specific species of trout in different
channel types. Managers must be aware that factors governing trout abundance
in one channel type may not be the same factors as in another channel type.
Also, factors appear to be dependent on trout species composition.
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Table . Oue-wey snslysis of varisnce for trout stendimg stock

Variable Chennel Type
(Xg/ba) C3(n=16) 33(a=16) B2(u=16)
1

Totel Steading Stock 67.31 112.19 91.3

1

Brook Trowt Stesading Steck 207.7¢6 88.84 64.1)

39.29 - 23.40 27.3¢6

Srowva Trout Stending lt.ei‘

'u.-uun: ditference betwesa chansel types (P<0.05)

Table 2. Oue-way anslyets of veriesace for & streem :h.uietnlutco

Varisble Chaonel Type
(2) CI(n=16) 33 (u=16) B2 (w=16)

unldoduol‘ 38.66 33.88 20.92

|
Videh-Depth Ratio 6.97 10.04 11.22
) e e

Canopy Cover'*? .66 25.14 34.06

Usdereue Bank!*? $3.03 .16 21.16

Overhanging vegetation' 44.10

Average Reach Velocity

(-’/l)

lllpuleut differcnce betveen chn.--l types (P <0.05)

’Au-lu transformation

[8

Tabla 3. Oue-vay ssslyefe of veriance for ewbetrate

Varisble 3 Chaonel type
(%) Ci(a=16) 33(a=16) 82(a=16)

Lerge Boulder!® 0.89 0.88 .14
(610 sm)

Saall Soulder'*?’
(303 sm - 609 wm)

cobble!*?
(76.1 =m - 304 wm)

Graver!*?
(4.01 em - 76.0 =m)

Large Pine Sediment!*?
0.83 =m - 4.80 wm)

4.92 s.18

Small Pise Sadiment!*? 13.00
(0.63 mm)

Illpﬂlu-c difference betwesa chamnel types (P <0.05)

luutn traasformation

Table 4. Ome-wey snslysis of variaace for selected microhabitats as defimed
by Bieson (1983).

Variasble Chanuel Type
(2) C3i(a=16) 33(e=16) 82(a=16)

aenne'e? 25.38 7.01 2.1

Bepid 0.2) 0.36 3.26

Secondary Chassel Poel? 0.29 1.07 0.59

Trench Po1!*?

30.% 1.9 2.3

Plvage 0.48 -39

Clide 31.36 32.2¢

lltplucut difference between channal types (?< 0.03)

1‘".!“ tressformation




3 %
Teble 5. Ome way emalysis of veriassse for three micrehabitat peel types oo
defined by Bisscn (1989).

) / Chasnel type
.;:;u. C3(w=16) 33(u=16) 32(w=16)

Beckwater Poole

Soulder'*?

Boocwad
Debrie

Lateral Scour Peols

Soulder/Bedrock’

. ll.)

n.nu' 2

Bammod Peols
Bouldes!*? 0.99

debrta’e? : “0.46 .38

Significent difference betweea channel types (P <0.03)

Arceise tressformation X .

Table 6. Correlacica coefficient for those verisbles efignificently (920.09)
telated to total trowt stending stock iam C3 and 32-33 chanmel types.

Varisble Chansael type
Ci(w=16) 32-33(a=32)

Esbeddednes
Videh-Depeh Ratie
Undercut Bank
Overhanging Vegetation
Average Besch Velecity
Seall Boulder

Cobble

Lerge Fine Sediment
Susll Vise Sediment
ffle

Treach

Plenge

Glide

Backveter Pool Bootwed
Backveter Poel Debris

E_ ‘0!.! !G‘.f !.‘! m’m

Table 7. Correletion coefficiont for those varisbles sigaificsatly (P <0.03)
related to brook sad browa trowt stesdiag etock fia C3 and 52-83 chammel types.

Verisble

Ewbeddednese

Wideh-Depeh

Overhanging

Aversge Resch Veleeity

Small Bevlder v

Large Fine Sediment

Ssall FPine Sedimeat

Clide

Trench Pool

Plenge

Backwater Pool Rootwad
kve 1




