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M r - J I m Ch adw I c k 
Chaciwi ck and Associates 
5 7 2 i Sou t h Spo t swood Stree t 
L i 1 1 1 a t o n , C o 1 or ado 80 i 20

Dear* .Jims

Wi t h re sp ec t to the Hah It a t 
f or the San M i q u e 1 R i u er by 
the av a i1 a h 1 e inf ormat i on a
me t h od as so e ci f i e d in my HQ

Firstj I agree with your cc 
trout standing crop values are unj <t n d -i- " P River-
stations 1 -6 , their HQ I evaluatil <*-»•*7 3 u breater
than 100 kg/ha at three of the sij J/- • pdi cted
for SMR - 6  is certainly possible j ** .uuttq :;rnnatural
"fishery systems, hut such a fishery is h i gh 1 y ImprohaDle given the 
type of habitat represented by the San Miguel R i:;ver>/;..■/. In my 
expel i e n c e h i g h l y  productive brook trout fisheries in the Rocky 
Mountains are often found in small streams containing at least some 
heaver: o o n d s , which help the fish survive the often haxvsh w ? n te r
c on d i t i on s f oun d in the se s t r e arris ,

When I examined my records for sortie productive brook trout streams in 
the Pole Mou n t a i n -Sn owy Ran ge ar e a i n sou t h e as t Wy om i n g , I f ou n d a 
peak standi no crop of 251 kg/Ha and this was in a. very sm a i 1 m eadow 
t ype s t r e am • Of the 44 s t r e ams e x ami I n e d f or de v e 1 o ome n t of the HUI 
m odel, o n 1y tw o ■ < 4 „ 5% > had s t a n d i n g c r o ps q r e a t e r tha n 2 0 0 k g/h a » 
B o t h s t f e art* s w ere h r ow n t r o u t f i s h e r i e s » In m y p r o t e s s I o n a I 
j udqemen t , a stream with a brook trout standing crop of 359 kg/ha w ould 
be a rarity and would probably rank in the top 5%, or so, of Roc;k:v 
Mountain trout streams« For a stream wi ih the size and hahi tat 
characteristics of the San Miguel River, I w o u 1d expect a standi ng crop 
less than 100 kq/ha. Even so, this would qual if/ the fishery as one of 
the more productive at its e 1e v a t i o n . Sun 1 i gh t Creek, a tributary of 
the Clarks Fork River in northwest Wyoming appears to be approxlmate!y 
s i m \ 1 ar i n s i z e an d c bar ac t e r to the San M i gu el . R i v e r . At an e I e v a t i on 
of 6,800 feet, the standing crop of brook trout is about 47 kg/ha; 
a b o v e elev at io n 7,20 0 feet, the s tream i a e s s en t ia 1 1y b a r r e n o f t rgut 
du e |o se v ere m inter c on di t ion s .

Qual rep or ted
Beotl « a , A U v i e w e d
1 col ^  «v a j u W  ^  A I the- HQ I

P r a \ ■ 
ten t il w~<_ p  brook
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Mr * J i m  Ch adw \ r k 
Cha,dw? c.k. and A s s o c  t a t es 
5721 Sou t h Spot swood St r eet
L i t t l e t o n ,  C o l o r a d o  80120 . ■ ■?.

Dear Jims

W i t h  r e s p e c t  to the Habi ta t Qual i ty Index <HQ!> e v a l u a t i o n s  r e p o r t e d  
f or the San Hi guel R i ver by G e o t r a n s  e t a 1 » (1 986) , I ha.ve rev i e w e d
the ay a liable inf or ma t i on and c o n e l u d e  that t h e y  di d  n o t ap p 1y the HQI 
jjie t h od as sp e c I f  1 e d i n my  HG!I Pr oc e du r e s M a n u  a 1 ( B i n n s 1982 «

First, I a area wi t h your c o n t e n t i o n  that some of their p r e d i c t e d  brook 
trout stand! no crop v a 1 ues a. re unusual 1 y high* For San Mi guel R i ver 
s t a t i o n s  1-6, their HQI e v a l u a t i o n s  p r e d i c t e d  s t a n d i n g  c r o p s  g r ea te r 
than 100 kg / h a  at three of the six st a t i o n s *  The 359 k g / h a  p r e d i c t e d  
for S M R - 6  Is c e r t a i n l y  p o s s i b l e  given the v a r i a t i o n  f o u n d  in natural 
"fishery systems, but such a f i s h e r y  is h i g h l y  impr ob ab le given the 
t y p e of ha bi ta t, r e p r e s en t e d by t h e Sa n M  i g u e 1 R I v e r , In m y 
expe rience, hi qh 1 y pr odu c t i v e hr ook trout f i sh e r ies in the Roc k y
Moun ta I ns are often fo un d in small s t r e a m s  c o n t a i n i n g  at least some
be av e1 pon ds| whi ch h elp the f i sh sur v iv e the oft e n har sh w  i n ter
c ond i t i ons f ou nd I n the se s t r e arris 1

W h e n  I e x a m i n e d  my r e c o r d s  for some p r o d u c t i v e  brook trout s t r e a m s  in 
the Foie M ou n t a in - 8 n o w y Ra n g e area i n so u t h e a s t m y omi n g , I f  ou n d a
peak s t a n d i n g  crop of 251 k g / h a  and this w a s  in a v e r y  small m e a d o w  
t.yie s trearri. Of the 44 s t r e a m s  ex am i ned f or deve 1 op me n t of the HQI 
model I o n ly two <4„5%> had s t a n d i n g  c r o p s  g r ea te r ttfeSn 200: k g / h a » 
8 o t h s ire ams were br o w n t rout f i sH e r i e s , In m y  o r o f e ss i ona f
j u dgerrien t , a s t re am w I t h a b r o o k t r o u t s t a n d i n g  c r o p o f 35 9 k g/ h a w ou 1 d 
be a r a r i t y  and w o u l d  p r o b a b l y  rank In the top 5%, or s o , of R o c k y  
M o u n t a i n  trout streams* For* a s t r e a m  w i t h  the size an d h a b i t a t  
c h a r a c t e r i s t r e s  of the San Miguel River, I w o u l d  e x pe ct a s t a n d i n g  crop 
less than 100 Rg/ha* Even so, this w o u l d  q u a l i f y  the f i s h e r y  as one of 
the more p r o d u c t i v e  at its e l e v at io n. S u n T i g h t  C r e e k , a t r i b u t a r y  of 
the Cl arks Fork R i ver in nor thwest W y o m I n g  a p p e a r s  to he ap pr ox i m a t e l y  
s i m i 1ar i n sIze and c bar ac t er to the San M 1gu e 1 R I v e r . At an e le v a t i on 
of 6,800 feet, the s t a n d i n g  crop of br oo k trout is about 47 .kg/ha.;. 
a b ov e e l e v a t i o n  7,200 feet, the s t r e a m  is e s s e n t i a l l y  ba rr en of trout 
d ue t o s e v ere w inter c o n d i t io n s .

\
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letter to Jim Chadwick
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Al 1 of the a00 v e
appi i! e d to the S an
I e j< arri ined, in d

ma de me i.*.j 0 n d e r if
Hi g u e 1 Ri ver study.
tall , th e col or ph
a. in the June, i 98

: h e HQI me t h od w a s  i n c o r r e c t ] y  
T o  check -for this possi bi 1 i ty ,

:ogr aphs of s tudy stat i on s SMR-1 
L-h ad w i c k an d A s s o c  i a t e s rep or t , 

an d the da ta us ed to c a l c u l a t e  the HQ I a t t r i b u t e  rati nos- for the 
Geot r an s r ep or t « - I then s e 1e c te d m y  own a 11 r i hu t e r a t i n g s  f or e ac h 
stat ion 5 cal cul a ted Hu I s c o r e s  for each stat i on , and then c o m p a r e d  
m y  at tri bute r at i ngs and HQI sc o r e s  wi th the G e o t r a n s  re s u l t s .  WhI 1 e 
this lab e x er ci se can not take the place of actual , on-si te
m e a s u r e m e n t s  ma de d u r i n g  the late su m m e r p e r i o d  s p e c i f i e d  for HQ I 
e v a l u a t i o n s ,  I feel this ap p r o a c h  Is s u f f i c i e n t l y  a c c u r a t e  to a l 1ow 
asse ssme n t of the Ge o tran s result s «

W h e n  m y r a t i n g s  and HQ I s c or es ar e c om p a p e d w ith th e Ge 0 1 r an s r e su 1 t s ,
t h ere ar e some sur p r i si ng di f f e r e n ce s, For one th i n g ? m y  HQ I s c o r e s
are al 1 quite a bit 10 w e p than the i p s « At St a t i on S M R -6, m y predi c t e d
s t a n d s n g c r 0 p of 4 9 k g/h a i s c 1 ose t0 the m e a su r e d s t a n d i n g c r 0 p 0 f 3 8
K g/h a but is far be 1 ow their ted 359 K g/h a v a 1u e , M y  a 11 r i bute
rat i ngs we re bi ffere n t in 44% of the c a s* e s* a r1d m 0 s t of m y  r a t i ngs- wer e
1 owe r than theirs, Not e t h a 1 I us e d the cdv er, w a 10 r ve 1 oc i ty and
e r od i ng s t r e a m  bank r a t ings r e p 0r te d by Geo t r a n s b e c a u s e  I did not
have 0 then, r eI i abI e da tal 0 1 h e r w i s e , th e p 0 r c e n t age of a 11 r i bu t e
c h a n g e s m a y  we 11 have been high e r I

I b e l i e v e  the HQI e v a l u a t i o n s  and p r e d i c t i o n s  
or t are f a u 1 ty beca us e s 1 ) 
c if i ed for the HQI m e t h o d  i n 

ev i den 1 1 y u s ed i ncor re c t or i n&i 
d i f f e r e n t t h a n a n y o t h e r m o d e I 
than the qua! i ty of the data put into i

P T é d i c t i o n s  r0 p 0 r t
t h ey did not f oil
my' p r o c e d u r e s m a n u
u r ate data. The
n t h at it s 0U t D U t

■d by the G e o t r a n s  
■ w the p r o ce du re s 
! I and 2 ) they 
H Gl I model is n o  

c an De n o be t ter

Î tync r ude that the ;.ban - Hi quel River HQl é v a l u â t  I on s r e p o r t e d  by 
ü e o t r an s are f 1 aw ed as- f ol 1 ows* *

1 ) T n e L a t e 3 u rrirri e r S t r e arri 
r a t e d ■ ' a t .3. !. !: : 3 t a t I on s «
Ue ot r en s r e p or t , i s q ► 
s t a. D | e and p 1 ent 1 fui t* 
s* y mm e r » i h e s e are a 1 m o  s-j 
s y s t e m s  « T h e e  o 1 or p h ot os c Iea r I y s h ow t H a t

1 arri F iow a 11 r t i bu t e W a  s im c 0r r ec 1 1 y-•"v . II .'1 IIM *4 ! r a ting, as w a s  u s ed i n the
r a 1 1 y a. p p lied only 10 s t r e am s w  i t h
e r f 1ow f 0 s* p e c i a ! 1 y dur ? ng 1 ate
. 1 w a y s spr 1n g - f e d , S-1 e a d y - s tate t y p e

dan Miquel
K i ve r does not m e et the c r i t e r i a  for a “4 “ r a t i n q  at any of

s tati on s «

2 y The An nuaI  P row .-Mar 1 a t ! on a 1 1 r  i bu t e
a t some s t a t  i on s  * A q a i n t h e c 01 o r  p h
d i f f  e r e n t j ' s e  a son s* d o- c um e n t t h e f i OUJ : p .3 t t
r  a t i n g s t h a t  I f e e !  s h o u l d h a v e b e e n ■ u s  e d *.

w a S- ine o r r e c 1 1 y r a ted 
o t os s h ow i n g,x f l o w  a t 
e r n , a s well a s the

te* M & i
c a 1 c u 1 a t I on s in my  c omp ar 
a ri s r e p o r t t o r t h e C o ti e r earn dank

<





letter to Jim Chadwick 
11/26/86 
page 4

!Aî a. t e r v el oc i t y , ui ç ] ] a.s the two f 1 oyv* a 11 r i bu tes. t*J h i 1 e suc h wor k
would be outside the specified time period noted above, actual , on—si te 
me asu r eme n t s made t h i s f a 1 1 wou 1 d do mu c h t o help d i sp el the p r e sen t 
c on f u s i on gene r a t e d by the ap p ar e n 11 y i nc or rect Ge o t r an s HQ I 
e v a 1 u a t i on s «
If you have any further questions, or need additional assistance, 
P1e a s e let me k n ow,

Dr, N . Allen B i nns
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INTRODUCTION

The State of Colorado has brought legal action against the Idarado 

Mining Company claiming damage to the brook trout fishery, and other 

aquatic life, in the San Miguel River by mining activities at the 

Idarado mine near Telluride, Colorado <Chadwick & Associates, 1986). 

Various technical fishery and fish habitat data were collected by 

ecological consultants retained to gather information that could be used 

to assess this claim (Chadwick & Associates 1986; Geotrans et at* 1986). 

As part of these investigative activities, the Habitat Quality Index 

<HQI> of Binns and Eiserman (1979) was used to predict brook trout 

abundance at several sites on the San Miguel River. The HG4l predicted 

values were assumed to represent the potential brook trout population 

that the river habitat was capable of supporting. The HG41 values were 

then compared with trout population estimates obtained by electrofishing 

to support the claim that the trout population was at a low level due to 

metal pollution from the past mining activity.

During the fall of 1986, I was contacted by Chadwick &. Associates, who 

asked me to review the HQI evaluations reported -for the upper San Miguel 

River by Geotrans et a l . <1986) (hereafter referred to as Geotrans).

This report presents the results of my review.



METHODS

Chadwick & Associates 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 the stream had been 

collected at different seasons in 1985. I used this information to 

review the HQI evaluations reported by Geotrans and concluded that there 

was reason to believe the predicted brook trout abundance figures were 

incorrect. I drew this conclusion mostly because some of the habitat 

attributes used in the HQI model were apparently not measured or rated 

as specified in the HQI Procedures Manual (Binns 1982). However* no firm 

conclusion could be drawn without actually remeasuring the questionable 

attributes at the stream.

Subsequently, Chadwick & Associates arranged for HQI measurements to be 

collected in early December, 1986 from five of the six stations on the 

river • On 1y s t a t i on SMR— 1 c ouId not be worked du e to sn ow an d ice c ov e r « 

Although there was some snow cover on the stream banks, the other 

stations were essentially ice-free and the HQI attributes could be 

readily measured. I participated in this effort to insure that the HQI 

data was collected as specified in the HQI Procedures Manual. I then 

used my own observations and the HQI data from the December, 1986 visit 

to the river, as well as the data and photos collected in 1985, to 

assign my own ratings to each habitat attribute used in the HQI model.

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

at each study station, and the results were compared with those reported

by Geotrans.



RESULTS AND DISCUSSION

The HQI method was primarily developed as a trout habitat evaluation 

tool, but due to the nature of the statistical approach used to develop 

the m o d e l , the HQI can also be used to predict trout standing crop 

< B i nns and Eiserman 1979, Binns 1979, Binns 1982). Predicting trout 

abundance in streams is a common use of the HQI <Remmick 1982, Bowl by 

and Roff 1986), but the method has also been used to assess the 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 Mountains in southern Wyoming was evaluated with the 

HQI (Binns 1977). The HQI has been successfully used in assessing the 

impact of proposed reservoir construction, and in negotiating mitigation 

measures (Conder and Binns 1986). Not only has the HQI been used to 

predict habitat improvement potential (Binns 1979), but it can provide 

objective evaluation of stream habitat improvement efforts (Stuber 1986, 

Binns 1986).

Thus, using the HQI to predict the potential brook trout standing crop 

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

an acceptable procedure. The key question is if the HQI ratings were 

correctly assigned during the evaluations reported by Geotrans. The HQI 

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

crop .



TROUT STANDING CROP

A  comparison of trout standing crop estimates obtained in 1985 from the 

San Miguel River and the HQI predicted values obtained from the 

December, 1986 visit are presented in Table 1 . With one exception, the 

December, 1986 HQI predictions of brook trout abundance were reasonably 

close to the estimated abundance obtained by electrofishing in 1985.

The lone exception was station SMR—6 , where brook trout abundance was 

overes ti m a t e d .

At SMR-6 , the observed standing crop was 37.9 kg/ha compared to a 

predicted value of 102.0 kg/ha, an overestimate of 64.1 kg/ha. I do not 

feel that this is a serious difference as I have encountered similar or 

larger predictive differences in past HQI evaluations on other streams. 

The point shouId be made that the multiple regression method used to 

develop the HQI model is basically an averaging technique - a 

complicated technique to be sure, but still working to average the data 

input. What this means is that not all predicted values will be that 

same 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 -6 is simple 

sample variation. The estimated standing crop measured in 1985 is 

exactly that, an estimate. Additional samples taken 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

4



the potential trout abundance, and the trout population is being 

stressed, and reduced to the observed level, by some limiting factor of 

the habitat that is not measured by the H Q I . Visual examination of the 

stream bottom at SMR—6 is all that is needed to document the severe 

si 1 tat ion that exists there. Since the detrimental effects of silt 

pollution on trout are well documented in the fishery literature, 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 silt 

appears to be coming from the severe stream bank erosion that is 

occurring near SMR-5, stabilization of eroding banks in that area would 

undoubtly do much to increase trout abundance at SMR-6 . Of course, 

stress from metal pollution could also be a factor, but a detailed 

chemical examination of stream sediments, water quality and trout flesh 

would be needed to verify that impact. Such is beyond the scope 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 sites, the 

difference was less than 11 kg/ ha (Table i>. All ot these values are 

within expected limits of the HQI method.

The December, 1986 HQI predicted standing crop values were all less than 

those reported for the San Miguel River stations by Geotrans.

Predicted trout abundance was considerably lower at sites SMR-3 through 

6 , with SMR - 6 showing the greatest reduction. These differences are due 

to changes in the ratings assigned to several HQI attributes.

HQI HABITAT ATTRIBUTES



The ratings assigned to habitat attributes in the HQI evaluation work 

are presented in Table 2 and Appendix I. Examination of the table shows 

that I changed 25 of the 45 Geotrans ratings (56%). Each attribute will 

be discussed below to point out rating differences or simi 1arities.

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

M4" at all stations by Geotrans. Examination of the limited stream flow 

records available for the San Miguel River downstream from Telluride 

during 1959—65 (six years) indicates that late summer flow is 84% of 

average daily discharge. This figure is well within the specifications 

for a "4" rating, as set out in the HQI Procedures Manual, and this 

a 11 r i bu t e ap p e ar s, at first gl an c e , t o h a.ve be en rated c or r e c 1 1 y .

However, examination of the stream flow conditions that exist in late 

summer on this river, as documented by color photos taken for all 

stations in August and September, 1985, indicates that a “4" rating is 

too high. A "4" rating represents the best type of stream habitat and 

is assigned only to streams with stable and plentiful water flow, 

especially during late summer. These streams have a consistent, 

ba nk-to—bank flow and are almost always, in the Rocky Mountains, 

spr i ng—f e d , steady—state type systems with relatively little var i at ion 

in the flow regime.

The color photos clearly show that the San Miguel River does not have 

the characteristics that I would expect from a "4" rated stream.

Rather, I feel that late summer stream flow conditions are better- 

represented by a "2" rating at SMR-2-4, and by a "3“ rating at 3MR-6.



Since the HQ I Procedures Manual states that the late summer -flow 

attribute is better rated with gage station records than from visual 

observation, the question can quite rightfully be raised as to why I 

disregarded the water flow records when rating the lower two stations. 

As noted above, the existing late summer f 1ow conditions do not support 

the "4" rating that is indicated by the gage records. Perhaps the gage 

records are skewed by the short period of record and a year or two of 

exceptional stream discharge in this drainage. This type of situation 

is discussed on pages 24-25 of the procedures manual, and an example is 

given showing how an erroneous rating would result from the use of gage 

records skewed by abnormally wet or dry years. The manual urges caution 

when using gage records*, such should not be used without checking to see 

if the gage records do represent actual conditions.

An nual Stream Flow Variation - The mean ASFU Ratio calculated for the 

San Miguel River gage was 37 during 1959-65, which meets the criteria 

for a "3" rating. After rating the late summer flow attribute, I did 

not feel the gage accurately reflected flow conditions in the river, as 

discussed above, and disregarded the gage data when making my ratings.

 ̂ felt that the col or photos taken at various seasons, and my own 

observations made in December, 1986, were better indicators as to proper- 

ratings. My ratings differred from those reported by Geotrans at 

stations SMR-3 and SMR-6 , and were lower in both cases. At SMR-3 , water 

flows become very low during late winter, evidently because water flow 

sinks into the stream bed, and the stream in this section could almost 

be classed as intermittent in character, which is a "0“ rating. However,

I gave this site the benefit of the doubt arid rated it a "l".



Temperature - Both Geotrans and I used the temperature data supplied by 

Water, Waste and Land, Inc <WWL)« Our ratings are the same, except at 

SMR-6 , where the 4.1C reported by WWL appeared to be erroneous because 

it was exceedingly low. Since stream temperature in the river generally 

increased with progression downstream, I assumed that the river at SMR -6 

would warm up to the 18-21C range, a 413 “ rating.

Ni trate Ni trooen - Ratings assigned to this attribute by Geotrans were 

completely erroneous because they apparently based their ratings on 

total n i trate concentration rather than on ni trate n i tropen 

concentration. Since the HQI rating table for this attribute is based on 

nitrate n i t r oge n , using total nitrate concentrations, without c on vert i n q 

to nitrate nitrogen (as dicussed on page 53 of the HQI Procedures 

Manual) will produce attribute rates that are too high.

Cover — The HQI Procedures Ma nua1 specifies in detail how the cover 

a 11 r i bu te is to be meas ur ed• Th is can be a difficult attribute to 

measure because it requires a knowledge of where trout live in streams, 

and what provides shelter (cover) for them. For HQI purposes, each 

patch of cover (undercut bank, deep pool, or whatever) is measured 

directly to obtain the square feet of cover available there.

Measurements f or all cover are later summed and di v i ded by the total 

stream area in the study section to get percent cover, which is the 

entry par ame ter into the rating table. Ge o t r an s rep or t e d 1 y me asured 

cover by taking the percent of linear bank (both sides) providing cover, 

which was est ima.ted by the observer . Th i s procedure led to an erroneous 

rating value at SMR-6 . Cover for trout at the other sites was so poor



that the incorrect procedure did not cause any problems there.

Eroding Stream Banks - For proper use of the HQI method, each eroding 

stream bank must be identified and measured. The total footage of 

eroding banks for the study site is divided by total station length to 

get percent eroding banks, which is the entry parameter into the rating 

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

four of the five sites. Geotrans reportedly also e s t ima ted this variable 

during electro fishing activities.

Substrate (Fish Food) - My ratings for this attribute differed from 

those of Geotrans at three of the five sites. They reportedly rated the 

attribute from aquatic vegetation abundance on the stream bottom, which 

i ® accep tab 1 e procedure accordi ng to the HQI F‘rocedures Manua 1 .

However, the manual urges caution in applying this approach be c a u s e  not 

all streams have a clear relationship between aquatic vegetation 

abundance and fish food abundance. I no longer use this technique 

because of this problem, and prefer instead to rate a stream from actual 

samples of the fish food population. I rated the San Miguel River 

statons from actual samples of fish food collected from the stream by 

Chadwi ck & Assoc i a t e s »

~ The accepted procedure for measuring water velocity for an 

HQI evaluation is to inject a slug of fluorescent dye into the stream 

and time its passage through the study section. The dye method was 

i n c or porated into the HQI to give a quick , easy-to-use technique for 

measuring water velocity. This method gives a t ime-of-tr-ave 1 velocity, 

second, along the thalweg, which is the line of deepestin feet per



■flow. Since flow along the thalweg is often the line of swiftest flow, 

the velocity figure produced by the dye measurement is often higher than 

the velocity estimate obtained by other methods. My ratings differed 

from those of Geotrans at all five study sites. They reportedly did not 

use dye to measure velocity, but rather calculated a surface velocity 

from instream flow measurements made by Chadwick & Associates. Their 

method is in error in two respects? first, they did not use dye to 

obtain time-of-trave1 velocity, and second, they used an estimate of the 

SifC.f.&ce velocity. This is incorrect because the dye spreads all through 

the water column, as illustrated on page 70 of the HQI Procedures 

Manual .

Width - My ratings for the width attribute were the same as Geotrans 

at all stations.

10
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CONCLUSIONS AND RECOMMENDATIONS

The in-format i on developed by the HQI measurements obtained in December , 

1986 lead me to conclude that the HQI evaluations reported by Geotrans 

are -faulty, mostly because they did not -follow the correct procedures as 

specified in the HQI Procedures Manual,

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

method. For best results, the procedures manual recommends that the HQI 

measurements be obtained during the late summer period. This period is 

specified as the month of August and the first half of September, and is 

when the original HQI measurements were collected during development of 

the mode 1 « Another re ason f or specifying data collection du ring this 

time period is to avoid, as much as possible, the natural variation in 

abundance inherent in wi Id populations of aquatic o rg an ism s  as they 

respond to seasonal changes in habitat conditions.

While HQI measurements can be collected during times other than the 

specified late summer period, due caution must be exercised when 

interpreting the re su Its, and the person doing the e v a 1u a t i on must keep 

in mind that the resu!ts may be skewed or biased by seasonal var i at i o n •

Regarding the December HQI evaluations on the San Miguel River, I feel 

that the work was valuable in that it gave good, on—si te information 

that could be used to assess the validity of the HQI evaluations 

reported by Geotrans. However, because the work in December was outside 

the specified time period, not all questions raised by the Geo tr arts



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 places because of snow 

cover on the stream banks in December.

Accordingly, I strongly recommend that, if time permits, the San Miguel 

River study stations be re-evaluated, using correct HQI methodology, 

during the late summer of 1987. This re-evaluation will do much to 

definitely resolve the questions that now exist about the HQI 

evaluations reported by Geotrans.
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Table i. Comparison of observed and predicted standing crop of brook 
trout in the San Miguel River near Telluride, Colorado. HGI 
measurements collected on 12/4-5/86 were used to calculate 
predicted values. Values in parenthesis are those reported 
by Geotrans et a l . 1986.

STATION

TROUT STANDING CROP 
( k g/h a )

OBSERVED PREDICTED DIFFERENCE

SMR-2

oo

10.7 ♦ 1 0,?
(19.8) < + 1 9.8 >

SMR-3 6.5 7.1 + Q • *6
(39.0) < + 32,5)

SMR-4 69.9 52.4 -17.5
(114.7) (+44•8)

SMR-5 64.7 74.4 + 9.7
(135.3) ( + 70 • 6 )

SMR - 6 37.9 102.0 + 64.1
(359.3) <321.4)

1 5



Table 2 . Habitat attribute ratings for the San Miguel River near 
Telluride, Colorado as determined from HQI measurements 
collected December 5, 1986. Ualues reported by Seotrans 
et a l . 1986 are shown in parenthesis.

Habitat Attribute Ratings *

Stati on CPSF ASFV Temp NO* Cover Eroding Substrate Me 1 oc i ty Width
Banks

SMR-2 2 2 2 1 0 3 1 ■p. 3
< 4) < 2 ) < 2) < 4) ( 0 ) < 4> < 1 > < i > < 3>

SMR-3 2 i 1 0 1 1 3 3
< 4) CO < 2 ) < 4) <0 > < 4 > < 1 ) < 2 ) <3>

SMR-4 2 2 3 p 1 o 0 0 Ó
< 4) < 2 ) < 3) < 4) ( 1 ) < 4) ( 1 ) < 3) <3>

SMR-5 2 0 4 2 0 0 3 3 3
<4> < 2 ) < 4) < 4) <0> <G> < 2 ) (2 ) < 3)

SMR - 6 3 £. 3 2 1 2 2 4 3
< 4) < 3) < 4) ( 4> (2 ) (2 ) < 3) < 2 ) < 3>

1 CPSF m La te summer stream flow; ASFU = Annual stream flow
var i at i on ; Temp = Max i mum water temperature; NO» = Nitrat e
n i trogen.



APPENDIX la. HQI ratings at Station SMR-2 .

HABITAT QUALITY INDEX ATTRIBUTE RATING SHEET

STREAM: San Miguel River STATION: SMR-2
DATE DATA COLLECTED: 12/5/86 HQI SCORE: 1 0 . 7  kg/ha

ATTRIBUTE DATA RATING

Late Summer Stream 
Flow (CPSF)

No gage; rated from field visit 
from color photos taken in 1985. .p,

Annual Stream FIow 
Var i at i on

No gage; rated from field vis 
from photos.

i t &
•>

Maximum Summer Stream 
Temperature

Rated from Chadwick & Assoc, 
max = 9.4C

records
V

Ni trate Ni trogen Rated from Chadwick & Assoc, 
cone. = 0.034 mg/1

records
1

Cover Rated from measurements made 
cover = 4.OX of total area.

12/5/86
0

Eroding Stream Banks Rated from measurements made 
eroding banks = 17'/,

12/5/86

Substrate Rated from Chadwick & Assoc, 
fish food = 86 organisms per

records
ft* 1

Water Veloc i t y Rated from measurements made 
velocity = 39.3 cm/sec

12/5/86
o

Stream Width Rated from measurements made 
width = 4.93 m

12/5/86
o>

X* + 1 = 3 
X2 + 1 = 3  
X3 + 1 = 3

F + 1 = 2 ( 1 X 1 )  ( 3) = 7 
S + 1 = 0 ( 3 X 3 )  = 1

HQI Score = (-0.903>+(0 .807)1og!0<3) + ( 0 .877) 1 ogl 0(3) + (1.233) 1o g 10(3)
+ < 0 .6 3 1 ) 1 oglG< 7) + < 0 . 1 8 2 ) 1 o g l 0 < 1> 

=  9 . 5 2  k g / h a

17



APPENDIX lb. HQI ratings at Station SMR-3

HABITAT QUALITY INDEX ATTRIBUTE RATING SHEET

STREAM! San Miguel River STATIONi SMR-3
DATE DATA COLLECTED; 12/5/8 6 HQI SCORE! 7.14 k g / h a

ATTRIBUTE DATA RATING

Late Summer Stream 
Flow <CPSF)

No ga g e ; rated from field visit & 
from color photos taken in 1985. 2

Annual Stream Flow 
Var i at i on

No gage; rated from field visit & 
from photos. Water flow is very low 
in mid-winter, when stream is 
essentially dry in spots - a zero 
rating might be more appropriate. 1

Maximum Summer Stream 
T emperature

Rated from Chadwick & Assoc, records 
max = 9.7C 2

Nitrate Nitrogen Rated from Chadwick & Assoc, records 
cone. = 0,045 mg/1 1

Cover Rated from measurements made 12/5/86 
oover = 2.6% of total area. 0

Eroding Stream Banks Rated from measurements made 12/5/86 
eroding banks « 61/3% 1

Substrate Rated from Chadwick & Assoc, records 
fish food = 40 organisms per ft* 1

Water U e 1oc ity Rated from measurements made 12/5/86 
velocity 5= 35.0 cm/sec 3

Stream Width Rated from measurements made 12/5/86 
width = 4.92 m 3

X* + 1 ■ 3 
X2 + 1 * 2 
X3 + 1  = 3

F + 1 = 2<1)<1)<3) = 7 
S + 1 = Q C 1 X 3 )  M 1

HQI Score = <-0.903)+<0 .307)1ogl0 <3) + <0.877)Iogl0<2) + < 1 .233) 1o g 10(3)
+ < 0 .631)1oglQ<7)+<0.182)1oglQ<1) 

—  7.14 kg/ha



APPENDIX lc. HQI ratings at Station SM R-4.

HABITAT QUALITY INDEX ATTRIBUTE RATING SHEET 

STREAM! San Miguel River STATION; SMR-4
DATE DATA COLLECTED; 12/5/86 HQI SCORE: 52.36 kg/h a

ATTRIBUTE DATA RATING

Late Summer Stream 
Flow <CPSF)

No gage; rated from field visit & 
from color photos taken in 1985. O

Annual Stream Flow 
Oar i at i on

No ga g e ; rated from field vis 
from photos.

it fii
o

Maximum Summer Stream 
Temperature

Rated from Chadwick & Assoc, 
max m 11.2C

recor ds
Pi

Ni trate Ni trogen Rated from Chadwick & Assoc, 
co ne. = 0.05 mg/1

records
£

Cover Rated from measurements made 
cover m 10. 7 / of total area.

12/5/86
l

Eroding Stream Banks Rated from measurements made 
eroding banks = 45.

12/5/86
¿L

Substrate Rated from Chadwick & Assoc, 
fish food = 86 organisms per

records
ft* l

Water O e 1oc i ty Rated from measurements made 
velocity = 22.9 cm/sec

12/5/86

Stream Width Rated from measurements made 
wi dth = 8.72 m

12/5/86
O'vJ

X* + 1 m 3 
X2 + 1 m 3 
X3 + 1 = 4

F + 1 = 3< 2) < 2) < 2) = 25 
S + 1 = 1 < 2) < 3) = 7

HQI Score = <-0.903)+<0 .807)1ogl0<3)+<0.877)1ogl0<3)+ C l .233)1 ogi 0 < 4>
+<0.631)1ogl0<25)+<0.182)1ogl0<?) 

=  52.36 kg/ha



APPENDIX Id. HQI ratings at Station SMR-5.

HABITAT QUALITY INDEX ATTRIBUTE RATING SHEET

STREAM: San Miguel River STATION: SMR-5
DATE DATA COLLECTED: 12/5/86 HQI SCORE: 74.44 kg/ha

ATTRIBUTE DATA RATING

Late Summer Stream 
Flow <CPSF)

6 yrs. gage records - CPSF = 847. - 
"4"5 HOWEMER, CPSF rated “2" from 
field visit & photos taken in 1985 
and a 4 11 rating appears to be too 
high. Perhaps the gage records are 
skewed by the short period of record 
and a wet year or two.

Annual Stream Flow 
Oar i at i on

Rated from field visit & photos — 
see remarks under CPSF. <6 yrs. gage 
records, ASFM Ratio =37, “3" rating. o

4m

Maximum Summer Stream» 
Temperature

Rated from Chadwick & Assoc, records 
max = 13.DC 4

Nitrate Ni trogen Rated from Chadwick & Assoc, records 
cone. = 0.054 mg/1

Cover Rated from measurements made 12/5/86 
cover = 8.4X of total area. 0

Eroding Stream Banks Rated from measurements made 12/5/86 
eroding banks = 100 0

Substrate Rated from Chadwick & Assoc, records 
fish food = 290 organisms per ft*

Water Me 1oc ity Rated from» measurements made 12/5/86 
velocity = 39.0 cm/sec 3

Stream Width Rated from measurements made 12/5/86 
width = 8.75 m 3

X, + 1 = 3 
X2 + 1 = 3

F + 1 = 4<2><3)<3) = 49 
S + 1 = 0<Q)<3) = 1

X3 + 1 = 5

HQI Score = <-Q.903)+<0.807)1ogl0(3)+<0.877)1ogl0<3)+<1.233)1ogl0 <5) 
+ <0.631) 1 ogl0(4?)+ <0.182) loglOU) 

as 7 4 , 4 4 kg/ha



APPENDIX le. HQI ratings at Station SMR-6 .

HABITAT QUALITY INDEX ATTRIBUTE RATING SHEET

STREAM: San Miguel River STATION: SMR - 6
DATE DATA COLLECTED: 12/4/86 HQI SCORE: 102.02 kg/ha

ATTRIBUTE DATA —— — —  _ _ _ _ _  ______

Late Summer Stream 6 yrs* gage records — CPSF — 84% —
Flow <CPSF) "4“ ; HOWEUER, CPSF rated "2" -from

■field visit & photos taken in 1985 
and a "4" rating appears to be too 
high. Perhaps the gage records are 
skewed by the short period of record 
and a wet year or two.

Annual Stream Flow 
L>ar i at i on

Rated -from field visit & photos - 
see remarks under CPSF. <6 yrs. gage 
records, ASFU Ratio = 3 7 , 113 M rating. 2

Maximum Summer Stream 
Temperature

Recorded max. temp. 4. 1 C appears to 
be erroneous; assume 18-21C range 3

Nitrate Ni trogen Rated from Chadwick & Assoc, records 
cone. = 0.054 mg/1 2

Cover Rated from measurements made 12/5/86 
cover = 1 0 .02% of total area. i

Eroding Stream Banks Rated from measurements made 12/5/86 
eroding banks = 36.3% 2

Substrate Rated from Chadwick & Assoc, records 
fish food « 118 organisms per ft*

Water Me 1oc i ty Rated from measurements made 12/5/86 
velocity » 61.3 cm/sec 4

Stream Width Rated from measurements made 12/5/86 
width = 10.27 m 3

X* + 1 = 4 
X2 + 1 = 3

F + 1 = 3(2)(2)(4) — 49 
S + 1 = 1(2)(3) = 7

X3 + 1 = 4

= (-0.903) +(0.807)1ogl0(4) + (0 .877)1ogl0 ( 3) + (1.233) 1ogl0(4) 
+(0.631)1ogi0(49)+(0.182)1oql0(7)

= 102. 02 kg/ha

HQI Score



OF WYOMING M IKE SULLIVAN  
GOVERNOR

BILL M ORRIS  
DIRECTOR

October 11, 1987

Steve Canton 
Chadwick and Associates 
5721 S Spotswood 
Littleton, Co 80120

Steve ,
You asked me to comment about my views on the use of the HQI model (Habitat 
Quality Index) as a predictive tool. As I expressed over the phone, I 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 
same stream station I found too much variation to make the model a stand 
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 only general correlation I found was HQI's on high elevation 
streams 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.

HeadquartersT^5400 Bishop Boulevard, Cheyenne, Wyoming 82002



STREAM NAME LOCATION
HQI
SCORE (LBS/AC)

MEASURED
LBS/AC

F i sh Creek R115 T30 S27 NW1/4 21 .2 68. 8

Fish Creek R 1 15 T30 S2? NE1/4 17.3 25.9

North Piney Cr R115 T31 S24 N E 1/4 57.7 27.0

S. Cottowood Cr BIw Guage Stn 66.0 36.1

Teepee Creek R110 T3? S6 5.5 8.4

North Horse Cr R 1 14 T34 SI SE1/4 4.1 13.7

North Horse Cr R1 14 T34 S? NL.U/4 3.1 8.4

North Horse Cr R114 T34 SB SLI1/4 3.1 14.2

New Fork River Mocro-ft Ranch 80.7 131.3

New Fork Riuer State Land (Airport Section) 53.7 45.8

K1ondi ke Creek Lower Station 130.0 151 .8

Klondike Creek Upper Stat i on 33.1 4.4

Tosi Creek Above Moore Ranch 41.0 14.3

Gypsum Creek RIO? T3? S27 5.8 43.2

Gypsum Creek RIO? T38 SI? 1 2 . 1 26.1

South Beaver R114 T28 S3 5.0 66.0



OF WYOMING MIKE SULLIVAN  
GOVERNOR

®  a m e a n d  (3)efia'iimenf

BILL M ORRIS
d ir e c t o r  October 13, 1897 260 Buena Vista

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. 6

First, the HQI model is derived from a multiple 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 13, 1987 
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 period11 is an attempt to reduce variability from natural 
sourcesi 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.

Fish Habitat Crew

Enclosure

NAB :rk



Proceedings of the 21st Annual Meeting, Colo-Wyo Chapter 
American Fisheries Society, Fort Collins, Colorado March
5-6, 1986.

RESERVOIR IMPACT ANALYSIS USING HABITAT UNITS 
FOR TROUT STREAMS

ALLEN L. CONDER

WYOMING GAME AND FISH DEPARTMENT 
5400 BISHOP BLVD. 

CHEYENNE, WYOMING 82002

N. ALLEN BENNS

WYOMING GAME AND FISH DEPARTMENT 
260 BUENA VISTA 

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 evaluations of proposed-water development projects. 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 o f 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 o f 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 aquatic 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.
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cfnnHirHCnr d lH8 y’ Pr0Jects we^  Heated by the Wyoming Game and Fish Department to develop 
standard procedures for evaluating trout habitat. Two models have been developed to assess trout
S i  f  m Y y0nung- Tbc,! lab,tat quality index (HQ!) (Binns and Eiserman 1979, Binns 1982) is 

eva\uate 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 
associated with a high standing crop of trout and that standing crop is a consistent index of existing 
bab‘tat 9ufhty- The purpose of this paper is to present analysis for proposed reservoirs on trout

dCVdopCd in Wyomin8- A »a< eg , based on *>

HABITAT UNIT CONCEPT

llie  concept o f 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 m eas^m eStuidt L  it

™  tih r a m iu n tao f h ^ r n QO? ^ FOr ^  purposes, a tiout ^  was defined as foUows: one trout n u  is the amount o f habitat quality required to peipetuate one pound of trout standing cron rv»r

raodels define hab,lal in Krras « °p . 4  c l Z

STREAM HABITAT UNIT ANALYSIS

m °? r definition is perpetuate. Since stream habitat normally provides an 
ecologically completed habitat (i.e., trout are able to complete their life cycle) standing cron in a 
stream is a measure o f HU. Thus, a stream habitat unit (SHU) is equal to an HU.’ 8 P &

The HQI model (model II) was developed using multiple regression analysis from data on 44
£ & E f K  S E E S  (BmnS/ nud Eiserman 1979>- The relationship of HQI score to standing crop w tt 
defined by the equation o f the regression analysis (Figure 1). Since the HQI was developed.?! has 
been used on many Wyoming streams. Although it has been a H L i S ^ b l S
s a f e r " "  Perf0ra,anCC' Whe" “* d »  * J E «  crop^t has g c t ^ e n  

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

HQI score = log10 (Y + 1) = (-0.903) + (0.807) log10 (XI + 1) + (0.877) log10 
(X2 + 1) (1.233) log 10 (X3 + 1) + 0.631 log10 (F + 1) + (0.182) 

logjQ (S + 1)

Where: Y = HQI score
X j »Late summer flow
X2 = Annual stream flow variation
X3 -  Maximum summer stream temperature
X4 a Nitrate nitrogen
Xy = Cover
Xg = Eroding stream bank
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Xg = Substrate (submerged aquatic vegetation) 
X jo = Stream width 
F m Food index = X3(X4)(Xg)(X jq)
S = Shelter index = Xj(Xg)(Xj j)

Figure 1. Relationship between Habitat Quality Index (HQI) score and
standingyCrop at 44 Wyoming Streams evaluated with the HQI model

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 o f 50, the value of the habitat would-be 53.5 
trou t/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 qualitative 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 o f 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 o f 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 o f fish biomass to the MEI. Work by Whitworth (1985) has refined the MEI relationship 
for Wyoming reservoirs and developed a Reservoir Quality Index (RQI). A close relationship has 
been demonstrated between the RQI and fish density (ir = 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 o f 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/1, the RQI is used to predict RHU as follows:

loge 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 kg/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 i f ’ 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.

2. 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.

3. 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 o f habitat. 
The formidable task of determining an equitable estimation of the monetary value o f the 
fishery resource is not necessary and should not be included in the negotiation process.

4. 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.

5. 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.

6. 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 
Coordinadon 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 
Departnent of 
Agriculture

Forest
Service

Medicine Bow Rational Forest 
605 Skyline Drive 
Laranle, «I 82070-6003

Reply to: 2610

Date: October 1M, 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 1987.

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-simplifioation and lead to erroneous results.

The second aspect of my study was to evaluate six models vhloh 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 speoles 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 stibltituted 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-8200-28(7-82)
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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,

STETEN J. KOZEL 
Fishery Biologist

FS-8200-28(7-82)
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CHADWICK & ASSOCIATES
5721 South Spotswood Street

October 19 1987 Littleton, Colorado 80120
(303) 794-5530

SUPPLEMENTAL REPORT

T R O U T  HABITAT MODELLING IN TH E 
SÀN MIGUEL RIVER NE AR TELLURIDE, C O L O R A D O

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 réévaluation 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.

M E T H O D 2
SAN M I GU EL RIVER 
3 4 5 6

Electrofishing (Chadwick &  Assoc. 1986) 0 6 72 66 40
HQI (Binns’ current predictions) 27 18 78 147 157
HQI (State’s current prediction) 27 18 103 225 312
Modified HQI (total trout) (not calculated) 76 54 76
Modified HQI (brook trout) (not calculated) 33 12 33
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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 (R2) 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 2 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 * X 8 * X n ) + 54.21 

Brook trout biomass (kg/ha) = [3.57 (X7 • X 8 • X n ) + 35.44 * X 8] - 94.46 

where X 7 = cover rating

X 8 = eroding streams bank rating 

X n  = 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 S M R  4 and diverge only slightly at S M R  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 S M R  4 - 6  

indicating no real difference between the estimates at these sites.

<0c.sats¿.

FIGURE Is 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.

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) is 
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.

INTRODUCTION



METHODS

In 1985 and 1986, 48 stream reaches were sampled In the MBNF. All stream 
reaches were located In drainages which were relatively unlmpacted 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 (1.5-4.0%) 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 bv 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-ra 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.
cheffe 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).
otal brook trout and brown trout standing stock did not significantly differ 

between B2 and B3 channels.

,M, P ercen t 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 
ifferent. 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. In 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.

rapid, trench pool, plunge pool, and glide mlcrohabltat 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 in 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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OaSarcvt Saak1*2 99.09 91.14 21.14

Ovarkaaglag vagata«laa2 44.10 29.79 - . l i d i

Avarag« Saack Salacity 4.94 0.99 4.49

(a3/«)

^lgaiflcaat Slffaraaca batvaaa ckaaaal tyyas (f  <0.05)

2Arcala« traaafacaatlaa

Tabi« 9. Oaa-vay aaalyala af varlaaca far «vbatrata

Tarlabla Ckaaaal tyya
(?) C9(a-I4) •9<«-l4> S2(«-I4)

Large SovlSar1*2* 0.49 4.SS 7.14
(410 aa)

Saall SovlSar1*2* 4.92 9.1S 17.S9
(90S va - 409 aa)

Cobbla1*2 21.94 94.99 91.94
(74.1 «■ - 304 aa)

«raval1*2 44.99 90.74 21.29
(4.SI aa - 74.0 aa)

Laro« fisa SaSlaaat1*2 12.49 9.29 1.94
(0.S9 aa - 4.40 aa)

Saall Sia« SaSlaaat1*2 19.00 1.99 4.44
(0.S3 «a) ~

igalficaat Slffaraaca batvaaa ckaaaal tyyas (F <0.0S) 

2Arcala« traaaforaaelaa

Tabi« 4. Oaa-vay aaalyala af variarne« far salactaS alcrababltata «a SafiaoS 
by llaaaa (IMS).

Tarlabla
il) C9(a-I4)

Ckaaaal Tyya 
I9(a-14) S2(a-I4)

•Ufi«1*2 29.94 97.01 42.71

ftayiS1*2 0.29 0.34 3.24

SacaaSary Ckaaaal faci2 4.29 1.07 0.99

Traack Pool1*2 90.90 7.99 ___hn
fflvag«1*2 0.44 ___L il
« U S . 1*2 91.94 32.24 22.99

Sigaif least Slffaraaca batvaaa cbaaaal tyyas (P< 4.09) 

2Arcala« trasafarmacia«



ta il«  f • Om  — y M alfa i«  a l m in a i Cm  tk m  ^ « lak ak iM  pm i typ—  —  
le tla e l I f  llaaaa (IM S).

Variaila 
«1 ____ Cl(irU)___

Cka—al typa 
B3<a»14) •2<e-l4)

lack—tar V—la
f —Ma»1*** » H 14.99
lac— l 1*1 5.40 LM______ _____LM
•akrla1** 9.19 9.01 1.11

lateral ta—r P—la 
Beeller/telr—k* 9.19 0.74 V 9.41

teetvel1*2 •.79 ’ 9.99

•akrla1*1 M l____ 1.79 _____f i i i

•a—al P—la
tw llar1*1 9.99 9.01 i . î i

•akrla1*1 * 1.4# LM ____ ____ i i l t

2 SIg e if l e —t im « r « M «  l a t m a  « l a m í  typ—  ( t  <0 .09)  

1 A rca i—  tr a — fea— t i —

T«kte  4.  C o rre la t i— a— f f  i c i —t  f — t i e n  m la l l a a  a lg a l f i e — t ip  (P < 0 . 03) 
r e la t a i  ta  f a t a l  t r — t  a t aa l lag  a tack la  CS a a l S2-B3 e tenaal typ— .

V a r la l le Clan— 1 typa
CSfe-14) 93-BS(a*S2)

le b a lla la a a a 9.91V llt l- D e p t l  Batte -9 . l t -9.97Ba lere— B—k 9.49
O vari— glag V ag atati— 9.49 9.49Average • —ek V a l— i t y -9.49 -9.97B— 11 B— l i e r -9.94C a i l la -9.99la rg a  P I— B a l la —t 9.99t— 11 V I—  B a l la —t 9.41B l f f le -9.44
Tra—k 9.49
P I—ga 9.49
9111a 9.44Back— te r  P— 1 B— t— 1 9.99 9.49B—k m te r P— 1 B ekrle -9.99
t o m i  t e w  h . l  » M i i ir i _____ •« !»

Tak le  ?• C o rre la t i—  a— f f  l a i —t  f a r  tke— v a r ia t i— a ig a lf lc a  a t ly  (P  <0 .09)  
r e la t a i  t a  kreek — 1 k ro—  t re a t  et a a l lag  e teck la  CS — A I M )  ak— al*typoo .

V a r ia i la CS ____________ M*9 | _____________
W t ia - fy B T T (a - l} )

Be l a i l  a l— aa 9.99W iltk-Oeptk Batte •9.79 -9.99O varla— lag Vagatati— 9.94
A— raga Baaak Val— i t y 9.79
B— 11 B— l l a r  WdÂ 9.99 - 'la rg e  P t— B a l l— e t O .Sf
•— I l  P t— t a i t — e t 9.44O lt la -• .A S 9.47Tra— 1 P— 1 9.41
Pleaga 9 . 4t
B—k m te r  P— 1 B— te a l 9.41 4.49ja ck — ta ?  P - l  Bokrle _____


