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EXECUTIVE SUMMARY

In 1984, the Idaho Department of Fish and Game (IDFG) undertook an
evaluat ion o f  ex is t ing and proposed habi ta t  improvement  pro jec ts  for
anadromous fish in the Clearwater River and Salmon River drainages.
Projects included in the evaluation are funded by or proposed for
fund ing  by the Bonnevi l le P e e r Administrat ion (BPA)  unde r  t he
Nor thwest  Power  P lann ing Act  as  o f f -s i te  mi t igat ion for  downst ream
hydropower development on the Snake and Columbia rivers.

Evaluation approaches to document a record of credit for mitigation
were developed in 1984-1985 for most of t h e  h a b i t a t projects.
Restorat ion of upriver anadromous f ish runs through increased passage
survival at main stem Columbia and Snake River dams is essential to the
establishment of an off-site mitigation record, as well as to the
success of the entire Fish and Wildlife program. The mitigation record
is being developed to use inc reased  smo l t  p roduc t i on  ( i e . ,  y i e l d )  a t
full-seeding as the basic measure of benefit from a habitat project.

The IDFG evaluation approach consists of three basic, integrated
leve ls : general monitoring, standing crop evaluations, and intensive
studies. Annual general monitoring of anadromous f ish densit ies in a
sma l l  number  o f  sec t i ons  f o r  each  p ro j ec t  w i l l be used to follow
population trends and define full-seeding levels. For most projects,
smolt p roduc t i on  w i l l b e  e s t i m a t e d  i n d i r e c t l y  f r o m  s t a n d i n g  c r o p
est imates by fac tor ing appropr ia te  surv iva l  ra tes  f rom parr  to  smol t
stages. In tens ive s tud ies in  a  few key product ion s t reams wi l l  be
initiated to determine these appropriate survival rates and provide
other basic biological information that is needed for evaluation of the
Fish and Wildlife program.

A common physical habitat and fish population data base is being
developed for every BPA habitat project In Idaho to be integrated at
each level of evaluation. Compatibility of data is also needed between
Idaho and other agencies and tribes in the Columbia River basin.

No f ina l  determinat ion o f  mi t igat ion cred i t  for  any Idaho habi ta t
enhancement project has been attainable to date. Because o f  the
depressed nature  o f  most  anadromous s tocks,  i t  was not  poss ib le  to
observe full-seeding conditions at any of the projects in 1984-1985 and
de f i n i t i on  o f  f u l l  seed ing  f o r  t he  va r i ous  t ypes  o f  hab i t a t  has  no t
been made. In addit ion, a mit igat ion record based on increased smolt
yields cannot b e  d e v e l o p e d  u n t i l t h e  i n t e n s i v e  s t u d i e s  d e f i n e
appropriate conversion rates from parr to smolt stages.

Some measures of the relative effectiveness of the various
enhancement techniques have been made at less than full-seeding
leve ls . Data collected over the last two years have indicated that
instream structures, such as log weirs, boulder weirs, log def lectors,
and overhead cover devices, have not markedly increased salmon and



s tee l  head  pa r r  p roduc t i on . O f f - channe l  pond  and  s i de -channe l
development have dramatical ly increased production potential i n
degraded streams. The addition of new increments of natural salmon and
steelhead production appear to be one of the most cost-effective
enhancement project types.

B9AD446BR
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INTRODUCTION

The Idaho Department of Fish and Game (IDFG) conducted evaluation
of exist ing and proposed habitat improvement projects for anadromous
fish in the Clearwater River and Salmon River drainages during 1984 and
1985. Projects included in the evaluation are funded by or proposed
for funding by the Bonneville Power Administration under the Northwest
Power Planning Act.

The Clearwater River and Salmon River drainages (Fig. 1) account
for virtually ail of Idaho’s wild and natural production of summer
steel head and spring and summer chinook salmon, as well as a remnant
run of sockeye salmon. Approximately 5,687 miles of streams were once
available to anadromous fish in Idaho, of which some 40% was lost due
to  dam cons t ruc t i on  on  t he  Snake  R i ve r  and  t he  No r th  Fo rk  o f  t he
Clearwater River (Mallet, 1974).

Al though a majority of the habitat still available to steelhead and
s a l m o n  i s  h i g h  q u a l i t y ,  m a n ' s  a c t i v i t y in Idaho has degraded many
streams. Sedimentation has increased with widespread logging, road
bui ld ing, and assoc ia ted ac t iv i t ies . Intensive livestock grazing near
streams has removed riparian vegetation, changed stream morphology, and
accelerated soil erosion. Mining has had profound effects in parts of
the drainages through stream channel alterations, discharge of toxic
e f f luents , and increased sedimentat ion. Irrigation withdrawals have
reduced f lows and increased water temperatures, of ten to critical
levels for steel head and salmon during summer.

Presently, publ ic agencies, including the US Forest Service (USFS),
US Fish and Wildl i fe Service (USFWS), Idaho Department of Fish and
Game, and the Shoshone-Bannock and Nez Perce tribes are cooperatively
working on solut ions to habitat problems for protect ion, enhancement,
and mit igat ion of anadromous f ish throughout the Clearwater River and
Salmon River basins. Although it is generally accepted that habitat
projects do increase juveni le production, actual increases and relat ive
benefi ts have seldom been quanti f ied in the f ield. Under the Fish and
Wildlife program, quan t i f i ca t i on  o f  bene f i t s  a re  requ i red  so  t ha t  a
record o f  c red i t  fo r  o f f -s i te  mi t igat ion on Columbia River  t r ibutar ies
can be established to compensate for losses due to the federal
hydropower development system on the Snake and Columbia rivers.

Habitat enhancement projects are intended to either increase the amount
of  habi ta t  or  car ry ing capac i ty  o f  ex is t ing (usual ly  degraded)  habi ta t
or both. Migra t ion bar r ie rs ,  such as water fa l ls ,  cu lver ts ,  and water
diversions, can be modif ied to make habitat that is not being used or
is underuti l ized by anadromous f ish avai lable. The BPA has funded or
funding has been proposed for a number of these projects in Idaho on
Eldorado Creek, Crooked Fork Creek, Crooked River, the upper Salmon
River, Alturas Lake Creek, Pole Creek, Johnson Creek, and Boulder Creek
(F ig .  1 ) . Juveni le  rear ing habi ta t  can a lso be added by connect ing
off-channel ponds to streams as on Crooked River. Con t ro l  o f  t ox i c

B9AD446BR
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CLEARWATER RIVER
1.  LOLO CR,  ELDORADO CR

2.  UPPER LOCHSA R

3.  CROOKED R

4.  RED R

SALMON RIVER
PANTHER CR

LEMHI R

E A S T  F O R K  S A L M O N  R

UPPER SALMON R, ALTURAS

L A K E  C R ,  P O L E  C R

VALLEY CR

BEAR VALLEY CR, ELK CR

MARSH CREEK

SULPHUR  C R

CAMAS CR,  LOON CR

SOUTH FORK SALMON R

JOHNSON CR

BOULDER CR

Figure 1. Project areas in Clearwater River and Salmon River drainages,
Idaho.
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discharge f rom min ing areas (Panther Creek) can eliminate partial
blocks to anadromous fish passage and bring polluted stream reaches
back into production. The amount of sediment entering streams from
major "po in t  sources, "  such as  mines, can be reduced (Bear  Val ley
C r e e k )  t o  i n c r e a s e  j u v e n i l e  s u r v i v a l  a n d  c a r r y i n g  c a p a c i t y . The
carrying capacity of streams potential ly can be increased by strategic
placement of ins t ream s t ruc tures to  reduce sed imentat ion,  increase
qual i ty  o f  rear ing habi ta t  for  juveni le  sa lmonids,  and increase h id ing
or spawning habitat for adults (Lolo Creek, Crooked Fork Creek, White
Sand Creek, Crooked River, and Red River) . H i g h  v e l o c i t i e s  i n
channelized reaches can be reduced to more optimal levels for rearing
juveni le salmonids by reconstruct ing stream channels to simulate more
natural condit ions (Crooked River ). F ina l l y , r iparian zones may be
managed to reduce sedimentation and stabilize stream banks to increase
c a r r y i n g  c a p a c i t y  b y  a  v a r i e t y  o f  t e c h n i q u e s , including livestock
fencing, revegetation, and bank revetments.

Pr imary  ob ject ives o f  th is  eva luat ion pro jec t  are : (1) document
physical changes that  resu l t  f rom habi ta t  enhancement ,  (2)  measure
changes in steel head and chinook parr/smolt production attr ibutable to
al l  habitat enhancement projects, (3)  determine pro jec t  e f fec t iveness
to guide future enhancement activity, and (4) determine benefits in
terms of increased smolt and adult-production resulting from each
habitat enhancement project.

General level studies on each project will provide a large data
base that can be used to predict response of increased or decreased
f ish product ion f rom a phys ica l  change in  anadromous f ish  hab i ta t .
This data should assist sponsors of future habitat enhancement projects
In more accurately estimating fishery b e n e f i t s  o f  t h e i r  p r o p o s e d
projects. Th is  data  base wi l l  a lso  ass is t  in  def in ing l imi t ing hab i ta t
factors for the various types of streams in Idaho.

The data base that wi l l  be developed through this project wi l l  not
only serve t o  d e t e r m i n e  t h e  e f f e c t i v e n e s s  o f individual hab i ta t
enhancement p r o j e c t s  b u t ,  w i l l a l so s e r v e  t o  d e t e r m i n e  t h e
effectiveness of major elements of the Fish and Wildlife program, such
as:

Section 201
Section 304
Section 404
Section 504

Section 704

Program goals for anadromous fish
Water budget and migrant survival
Downstream migrant passage
Ocean survival, harvest management, and

escapement objectives
Wild, natural, and hatchery propagation
integration of natural and hatchery propagation
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METHODS AND MATERIALS

Evaluation Approach

When the Idaho Department of Fish and Game initiated the Evaluation
pro jec t , i t  was recognized that the best parameter for est imating the
ef fec t iveness o f  anadromous f ish  hab i ta t  enhancement  pro jec ts  was
production of smolts. Since it is very difficult and costly to
actua l ly  measure or  es t imate smol t  product ion increases that  resu l t
from habitat enhancement projects, an approach was adopted that will
estimate changes in summer standing crop of salmon and steelhead parr
at every BPA-funded habitat enhancement project in Idaho. In addit ion,
physical changes in the anadromous fish habitat will be measured at
e v e r y  p r o j e c t . Th i s  gene ra l level of data collection can be
accomplished for each project at a relatively low cost.

The  need  t o  conve r t  pa r r  r esponse  t o  smo l t  r esponse  was  a l so
recognized, and in 1986, intensive evaluation studies are being
Initiated in the Salmon and Clearwater River drainages that will define
the re la t ionsh ip  o f  summer s tand ing crop o f  par r  to  resu l tant  smol t
product I on. Af ter  the in tens ive s tud ies  have determined convers ion
factors that can be appl ied to est imated increases in parr production,
w e  w i l l  u s e  t h o s e  c o n v e r s i o n  f a c t o r s  t o  e s t i m a t e Increased smolt
production for each project (Table 1).

The intensive studies will also provide data that will allow the
es t ima t i on  o f i nc reased  adu l t  p roduc t i on  t ha t  r esu l t ed  f r om each
Individual habitat enhancement project. The combination of general and
intensive data collection will allow an accurate mitigation record to
be developed in Idaho.

In defining the relationship of general level studies to intensive
studies, the data compartments depicted in Fig. 2 by square boxes will
be components of both general level and intensive level evaluations.
The general level studies will be confined to these types of data. The
data collected through this evaluation project in 1984 and 1985 was
confined to this general level-type data.

in 1986, the intensive level evaluation will be initiated and data
compartments dep i c ted  i n  F ig . 2  b y  c i r c l e s  w i l l be added in Idaho.
Data col lected through other management act ivi ty and research studies
will complement the evaluation data base. These data compartments are
depicted by hexagons In Fig. 2.

Integration of these data  components  wi l l a s s i s t  i n  d e f i n i n g
real ist ic est imates of smolt production and adult  production which are
depicted In Fig. 2 by tr iangles.
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Table 1. Hypothetical example of estimated mi t igat ion b e n e f i t s  o f  B P A
habitat enhancement projects.

Parameter
Hypothetical

value

1.

2.

3.

SMOLT YIELD FROM PROJECT

Estimated increase in juvenile density (summer)a

Area enhanceda

4.

Estimated increase In juvenile standing crop
(summer) within project areaa

Estimated Increase in juvenile standing crop
(summer) in downstream areas due to
enhancementab

5.

6.

Total increase in juveni le standing crop

Surv iva l  fac tor  ( juven i le  to  smol t ) b

7. OUTPUT - Annual smolt yield

POTENTIAL DOLLAR BENEFITS FROM PROJECTC

7. Annual smolt yield

8. survival factor (smolt to adult)

9. Total increase in adult  populat ion

10. Dollar value/adult- (catch/escapement factor )

11. Value of increased adult production

11. POTENTIAL OUTPUT - Total annual benefi ts

20/100m2

X100,000m2

20,000

+10,000

30,000

X80%

24,000

24,000

X1.0%

240

X$50

$1,200

$1,200

a
b

Determined from general monitoring and evaluation.
Determined from intensive survival, production, and yield studies.

C Outside scope of habitat enhancement evaluations.
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Survival factors from smolt to adult will be available from ongoing
migrat ion studies in the Snake and Columbia r ivers and from increased
abi l i ty  to  es t imate catch and escapement  o f  adu l ts . survival rates
should increase from present low levels as passage problems at the dams
are mit igated. Dollar values for adult  f ish have not been determined
for Idaho stocks but wi l l  increase with t ime as escapement object ives
can be met and larger proportions of the production can be harvested.

Pa r t i a l  bene f i t s  f r om hab i t a t  enhancemen t  w i l l  beg in  t o  acc rue
a s  s m o l t  p r o d u c t i o n Increases i n  r e s p o n s e t o  t h e  p r o j e c t s .
Full benefits will not be realized until smolt survival rates increase
and stabi l ize and escapements increase to a level that available
habitat can be ful ly seeded. Important, possibly intangible benefits
w i l l accrue immediately from enhancement a c t i v i t y t h a t  a s s i s t s
critically-depressed, wild stocks.

F ina l  determinat ion o f  ind iv idua l  pro jec t  benef i ts  for  the purpose
of establishing a mitigation record will not be made until fish
response can be documented at full-seeding levels. Determination of
the relat ive merits of various habitat enhancement measures can and
should be made at the earl lest possible time and need not be dependent
on full-seeding levels being attained. Comparison of partial responses
of various types of enhancement measures may be sufficient to determine
the  re l a t i ve  mer i t  o f  an  i nd i v i dua l  t echn ique . Supplementation with
hatchery fish will in some cases be used to create full-seeding
cond i t i ons  immed ia te l y  a f t e r  p ro j ec t imp lemen ta t i on  t o  a l l ow  ea r l y
realization and determination of project benefits.

Overfishing and low survival rates for migrants at the Snake and
Columbia River dams have prevented full seeding in recent years.
Densities that constitute fulI seeding remain undefined for most
streams, however, because b io log is ts  in  Idaho genera l ly  d id  not  begin
to  measure rear ing dens i t ies  unt i l  a f ter  s tocks dec l ined drast ica l ly  in
the ear ly  1970s. De f i n i ng  f u l l  seed ing  l eve l s  o r  ca r r y i ng  capac i t y
should be possible as escapements to Idaho return to pre-1970 levels.
Currently, steelhead are recovering faster than are spring and summer
chinook.

Stee lhead re turns to  Idaho suf fered ser ious dec l ines in  the ear ly
1970s due large ly  to  cumulat ive  smol t  mor ta l i ty  a f ter  const ruct ion o f
the lower Snake River dams: Ice Harbor, Lower Monumental,  Li t t le
Goose, and Lower Granite. The number of adult steelhead passing Ice
Harbor Dam into Idaho shows an incomplete recovery beginning in the
la te  1970s (F ig .  3) . Because steelhead spawn during spring when water
c a n  b e  h i g h  a n d  t u r b i d ,  c o n s i s t e n t  y e a r l y  r e c o r d s  o f  n u m b e r s  o f
spawners are l a c k i n g f o r  i n d i v i d u a l streams. Consequently,
determination of numerical spawner - j uven i l e r e l a t i o n s h i p s f o r
i n d i v i d u a l  s t r e a m s  i s  d i f f i c u l t . For the upper Clearwater River in
general, escapement of spawners has begun to return gradually to
pre-1970 levels, Midd le  Fork  Salmon River  s tocks went  through a
similar decl ine during the 1970s and escapements now represent about
40% o f  l eve l s  i n  1971 . Because recovery in numbers of steelhead
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Figure 3. Number of adult steelhead and chinook passing Ice Harbor
Dam into Idaho, 1962-85.
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spawners Is incomplete, we  a re  no t  ye t  ab le  t o  sa t i s fac to r i l y  j udge
what c o n s t i t u t e s j u v e n i l e s tee lhead c a r r y i n g c a p a c i t y  o n  a
stream-by-stream basis.

Chinook sa lmon suf fered greater  mor ta l i ty  due to  const ruct ion o f
dams on the Columbia River and lower Snake River, suffered greater
mortal i ty due to more extensive overf ishing in downriver areas and the
Pacif ic Ocean and have shown less recovery than steelhead (Fig. 3).
Because chinook spawn during a low-water period in late summer, their
yearly spawning trends can be fol lowed for individual streams. Redd
counts in the Salmon River drainage st i l l  represent less than 20% of
t hose  du r i ng t h e  1 9 6 0 s  b u t  a r e  g r a d u a l l y increas ing (Table  2) .
Comparable, long-term records do not exist for Clearwater River streams
because, unt i l  the mid-1960s,  these runs were not  fu l ly  reestab l ished
after their depletion in the 1920s by passage problems at Lewiston
Dam. Because of continued low escapements of chinook, i t  is unl ikely
that they are fully seeding habitat except on a rare and localized
basis. \

F u l l  s e e d i n g  i s  i m p o r t a n t  t o  e v a l u a t e  b e n e f i t s  f r o m  a  h a b i t a t
enhancement project whether the object ive is to add rearing habitat or
Increase the carrying capacity. Benefits measured from less than fulI
seeding conditions may underest imate true bene f i t s  whe re  rea r i ng
habitat is added (e.g., ba r r i e r  r emova l  and  be  amb iguous  whe re
attempts are made to increase carrying capacity.

Where rearing habitat is added and carrying capacity is reached,
measured increases i n  j u v e n i l e steel head and chinook dens i t ies
( a p p a r e n t  b e n e f i t s )  w i l l  a p p r o x i m a t e  t r u e  b e n e f i t s  ( F i g .  4 A ) .  I f
carrying capacity is not reached, true benefi ts wi l l  be underest imated
b y  m e a s u r e d  i n c r e a s e s  i n  j u v e n i l e  f i s h  d e n s i t i e s  ( F i g .  4 8 ) .
Representative s t r e a m  s e c t i o n s  w i l l b e  s a m p l e d  b e f o r e  a n d  a f t e r
treatment to determine extent of use of a stream reach by anadromous
f i s h . Control reaches (e. g., below a barr ier) wi l l  also be sampled to
follow annual trends In density, but these data likely will not be used
in  f i na l  ca l cu la t i ons  o f  bene f i t s . Benef i ts  w i l l  be  ca lcu la ted f rom
t h e  i n c r e a s e  i n  d e n s i t y  f r o m  p r e t r e a t m e n t  ( u s u a l l y  z e r o )  t o
post-treatment at fulI seeding.

Where the pro jec t  ob jec t ive  is  to  increase car ry ing capac i ty ,  we
expect that measured benefi ts wi l l  also approximate true benefi ts when
full seeding occurs (Fig. 4C). Otherwise, d e n s i t i e s  o f  j u v e n i l e
sa lmonids may bear  l i t t le  re la t ionsh ip  to  the qual i ty  o f  hab i ta t  and,
thus, measured “benefits” would be misleading (Fig. 4D). Wi thout  fu l l
seeding by steel head and chinook, we cannot determine whether a
d i f f e ren t i a l i n  d e n s i t i e s  b e t w e e n  t r e a t e d  a n d  u n t r e a t e d  s e c t i o n s
ind i ca tes  on l y h a b i t a t  p r e f e r e n c e s  o r  t r u e  i n c r e a s e s  i n  r e a r i n g
potent ia l . Conversely, without ful I  seeding, a  l ack  o f  d i f f e ren t i a l  i n
dens i t i es  does  no t  necessa r i l y  imp l y  t ha t  r ea r i ng  po ten t i a l  was  no t
changed by habitat enhancement. At full seeding, i n t r aspec i f i c
compet i t ion  for  food and space wi l l f o r c e  j u v e n i l e s  t o  d i s t r i b u t e ,
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Table 2. Chinook salmon redd counts in established trend areas during 1982-85 compared to 1960-69 average
[Hall-Griswold and Cochnaur 1995).

Drainage and
% of

1960-69 1982-E 1960-69
stream average 1982 -- 1983 1984 1966 average average

Clearwater River
Crooked Fork Creek 32a 34 7 29 47 29 91%

- - b
2 12 22

- - b
159 204 177

ID
224

12
191

-
-

930 763
661 42
656 42d

81 9d

311 9

50
190
161d

27d

36

35 93 65
16c 22c 66c

76d 80d 90d

3d 9d 12d

21 2 17

9%
10%c

14%d

15%d

5%

479 39 56 55 134 71 15%
422 9 39 27 29 26 6%
445 40 33 60 109 60 14%
152 3 9 0 10 5 3%
206 33 39 11 21 26 12%
180 23 7 4 26 16 s%

1 ,062
251

111e

37
165e

63
165e

17
323e

75_

IS6 16%e

46 19%

South Fork Clearwater River
Crooked River
Red River

Salmon River
Lemhi River
East Fork Salmon River
Upper Salmon River
Alturas Lake Creek
Valley Creek

Middle Fork Salmon River
Bear Valley Creek
Elk Creek
Harsh Creek drainage
Sulphur Creek
Camas Creek
Loon Creek

South Fork Salmon River
Upper South Fork
Johnson Creek

a 1965-69 average.
b Chinook salmon not yet re-established.
C Reduced by trapping at East Fork weir: 34 females in 1994; and 45 in 1985.
d Reduced by trapping at Sawtooth Hatchery: 111 females in 1982; 179 in 1993; 197 in 7994; and 360 in

1985.
e Reduced by trapping at South Fork weir: 147 females in 1982; 190 in 1983; 353 in 1964; end 495 in 1965.
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Figure 4. Expected measured and true benefi ts from projects that add habitat
under  condi t ions o f  fu l l  seeding (A)  and par t ia l  seeding (B) ,  and
f rom pro jects  that  increase car ry ing capac i ty  under  condi t ions o f
fu l l  seeding (C)  and par t ia l  seeding (D) .
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t hus ,  assu r i ng  t ha t  j uven i l e  dens i t i es  w i l l  r e f l ec t  r ea r i ng  po ten t i a l .
At full seeding, benef i ts  w i l l  be  ca lcu la ted f rom d i f fe rences between
post t reatment d e n s i t i e s and d e n s i t i e s in control s e c t i o n s .
Pretreatment data wi l l  be necessary to establ ish comparative basel ines
for control and posttreatment sections.

The re  w i l l  be  t h ree  bas i c  phases  t o  IDFG eva lua t i on  o f  hab i t a t
enhancement projects. A pretreatment phase wi l l  consist of est imates
of anadromous f ish densit ies and measurements of physical habitat.  in
sect ions or reaches to be treated and in control sect ions. The second
phase wi l l  cons is t  o f  es t imat ion o f  par t ia l  benef i ts  a t  lower  seed ing
levels and annual monitoring of trend sections unti l  juveni le densit ies
approach carrying capacity. Hypothet ica l Iy , ca r r y ing  capac i t y  f o r  a
s t r eam reach  can  be  es t ima ted  as  t he  l eve l  a t  wh i ch  j uven i l e  f i sh
d e n s i t i e s  s t a b i l i z e  w h i l e  a d u l t  e s c a p e m e n t s  c o n t i n u e  t o  i n c r e a s e
(F ig .  5) . Adult escapements will be monitored by spawning ground
su rveys  f o r  ch inook  and  es t ima ted  escapemen ts  t o  a  d ra inage  f o r
steelhead. Final project evaluation will occur in the third phase, at
f u l I seeding. Post-treatment evaluation will include estimates of
juveni le f ish densit ies and measurements of physical habitat in treated
and untreated sections.

D i f f i c u l t y  o f  q u a n t i f y i n g  b e n e f i t s  f o r  m i t i g a t i o n  p u r p o s e s  w i l l
v a r y  f r o m  p r o j e c t  t o  p r o j e c t . Easiest to quantify will be those
pro jec ts  that  add a  new increment  o f  product ion potent ia l ,  such as
barrier removals. Where complete barriers are removed, benefits can be
ca lcu la ted s imply  f rom the f ina l  es t imates o f  numbers  o f  anadromous
f i sh  rea red  a t  f u l l  seed ing ; where partial barriers are removed, some
downward adjustment of estimated benefits based on pretreatment
potential will be needed.

Local ized increases in carrying capacity (e.g.,  instream structures
and  r i pa r i an  f enc ing )  w i l l  a l so  be  re la t i ve l y  easy  t o  measu re . For
these projects which improve rearing habitat local ly, the benefi ts can
be measured at  fu l l  seeding f rom the increase in  dens i ty  re la t ive  to
untreated sections.

I t  w i l l  be d i f f i cu l t  and cost ly  to  es t imate benef i ts  for  some types
of general land treatments, such as road paving, cut-bank seeding, and
other projects designed to decrease sedimentat ion, especial ly where a
minor facet of a multi-faceted problem is treated. Costs of evaluation
could easily exceed projected benefits for such projects.

In some cases, s tock ing the habi ta t  w i th  hatchery  s tee lhead and
chinook will be required to establish a run or estimate full seeding
density. Stocks to be used will be compatible with IDFG (1985) Idaho
Anadromous Fish Management Plan. Number of fish stocked will depend on
a v a i l a b i l i t y  o f  h a t c h e r y  f i s h . The alternative to estimating final 
b e n e f i t s  a t  f u l l  s e e d i n g - pro jec t ing potent ia l  benef i ts  f rom cur rent
depressed seeding leve ls- i s  no t  accep tab le  t o  IDFG. We do not
consider ex i s t i ng models r e l i a b l e enough t o  a c c u r a t e l y pred ic t
potential benefits that could be used to develop a mitigation record.
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Figure 5. Phases of IDFG general evaluation showing recent decline in chinook
escapements and summer densities, and expected response of densities
to future increased escapements.
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Development and verification of reliable, habitat-standing crop models
should be possible as seeding levels increase and the appropriate data
is accumulated; but most importantly, no benefits would be realized by
increasing potential of the habitat to rear fish unless juvenile
production also increases.

Methods

In 1984, IDFG began evaluation of existing and proposed BPA-funded
enhancement projects for anadromous salmonid habitat in the state. The
first phase of evaluation included identification of how benefits will
be measured as seeding levels increase. We wanted to develop a
flexible evaluation approach in which intensity of sampling effort for
the projects could vary with time because: (1) lag time for responses
of habitat and fish populations will vary among projects; (2) intensive
studies repeated every year cannot be justified for most projects at
current low seeding levels; and (3) in many cases, once basic sample
designs are established and seeding levels increase, the number of
sample sections can be increased to gain precision in posttreatment
evaluations.

In July-August 1984, we primarily collected pretreatment and
control information on fish densities and physical habitat (Table 3) to
set the stage for evaluation. For a few projects implemented in 1983
(Instream structures in Lolo Creek, Crooked Fork Creek, and White Sand
Creek and improvement of an irrigation diversion in Pole Creek), we
could measure only post-treatment and control conditions.

In 1984, we also sampled a number of potential project areas before
specific enhancement activity was proposed. We intended data from this
limited sampling in project streams (Elk Creek, Marsh Creek, and Camas
Creek) and possible control streams (Sulphur Creek and South Fork
Salmon River) to help put into perspective current seeding levels and
Interpret future trends. Once enhancement proposals become more
specific, we can establish appropriate sampling designs for these
streams.

Sections were established to be monitored in 1984 and future
years. For each habitat type identified (e.g., pocket water,
meandering meadow, run habitat with or without instream structures,
etc.), we established a minimum of two sections that were about
100 m long. Upper and lower ends of each section were either flagged
with surveyors ' tape or staked and photographed to facilitate future
sampling. We estimated fish abundance and densities and measured
physical habitat variables in the section primarily during July and
August 1984-1985.
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Table 3. Schedule of BPA project implementation (I) and evaluation
a c t i v i t i e s  ( P  =  p r e - t r e a t m e n t evaluation; M = monitoring;
E = post-treatment evaluation) in Idaho, 1983-85.

Lolo Creek
Eldorado Creek
Upper Lochsa
Crooked Fork
Crooked River

IS
PA
IS
PA
PA
IS
BC
OC

I,P,EI
-
I
-

I ,P
I,E
I,P
I,P
I,P

P
I,M

Red River BC I
IS I,M

RR

Panther Creek
Lemhi
Upper Salmon River

SP
IF
IF

RR

Alturas Lake Creek
Pole Creek

IF
PA
RR

I

Valley Creek
Bear Valley Creek

RR
SP
RR

-

Elk Creek
Marsh Creek
Camas Creek

RR -
RR
RR
BC

Johnson Creek PA
South Fork Tributaries PA
Boulder Creek PA

I,M
I,M

P

P
M

P
M
M

I,P
M

M
M
M
M

I,P

P

E
I,M

M
I ,P

M
I,P,M

I,P
I,M

M
I,M

M
P
P
P

M
M
P

P
I ,P

P

P
P
M
M

I ,E

I ,P

B9AD062CB
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Table 3. Continued.

Loon Creek

Sulphur Creek

South Fork Salmon

CO - - M

CO - M M

CO - M M

a BC = bank/channel rehabilitation; CO = control stream; IF =
i m p r o v e d  f l o w s ;  I S  =  i n s t r e a m  s t r u c t u r e ;  O C  =  o f f - c h a n n e l
d e v e l o p m e n t s ;  P A  =  p a s s a g e ;  R R  = r i p a r i a n r e v e g e t a t i o n ;
SP = sedimentat ion and pol lut ion control.
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Fish abundance by species and age group or length class in the
sections was estimated primarily from snorkeling observations.
Depending on the size of stream and crew availability, from one to five
observers snorkeled slowly upstream counting numbers of age 0 and
1+ chinook and numbers of trout, whitefish, and other species by
25 mm length class. The final crew member recorded the counts and
other observations (i. e., approximate fish distributions, associations
with structures, and presence of adult chinook). Field forms for fish
population data are presented in Appendix D.

We calculated fish densities (number/100 m2) by species and age
group for each section. Young-of-year and yearling chinook did not
overlap in length and could be readily distinguished visually. Lengths
of age groups for other species, however, overlapped considerably.
Steel head and resident rainbow trout which were visual ly
indistinguishable were separated into four age groups based on length
frequency and scale analysis by Thurow (1983). For most streams in
July-August, young-of-year rainbow-steelhead were less than 75 mm long;
ages I, II, and III and older corresponded approximately to length
classes 75-149 mm, 150-224, and greater than 225 mm, respectively.

In 1984-1985, IDFG developed a short list of physical habitat
variables based on Platts et al. (1983) that we intend to measure in
every general monitoring section. We kept the variable list short so
that at least some comparable data could be collected in every project
stream without the process becoming cumbersome and costly. Physical
habitat variables were measured across transects as described in
Petrosky and HOlubetz (1985). Basic variables include section length,
width, gradient, habitat type (pool, run, riffle, and pocket water),
depth, velocity at 0.6 depth, estimated substrate composition,
embeddedness class, undercut banks, and overhanging vegetation
(Appendix D).

Where more detailed habitat measurements were desired, IDFG
subcontracted W. S. Platts’ team (Intermountain Forest and Range
Experiment Station, USFS, Boise). These instances included proposed
channel changes in Crooked River, structure applications in Red River,
and pretreatment evaluations of habitat in Bear Valley Creek and Elk
Creek (Appendix C).

CLEARWATER RIVER

Lolo Creek

Lolo Creek, 68 km long, enters the Clearwater River above Greer at
river kilometer 87. The upper 29 km of stream, including the project
area, lie within the Clearwater National Forest (Fig. 6). The lower
stream runs through an area of mixed ownership which includes private,
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state, Nez Perce tribal, and US Bureau of Land Management interests.
Within the forest boundaries, Lolo Creek drains a watershed of about
30,000 hectares (Espinosa 1984). Lolo Creek drops 1,200 m from its
source to its confluence with the Clearwater River (1.8% average
gradient). Within the project area, gradient is a more moderate 1.0%.

Lolo Creek is a major producer of anadromous fish for the lower
Clearwater River. Summer steelhead and spring chinook spawn and rear
in the stream. Both species have been stocked extensively in the
system. A partial migration barrier upstream from Eldorado Creek was
removed by USFS blasting projects in 1974 and 1978 to allow more
complete utilization of the upper area. in recent years, juvenile
rainbow-steelhead trout have dominated the fish community of upper Lolo
Creek. Juvenile rainbow-steel head made up 71% of all fish observed in
population surveys during 1975-1979 (Espinosa 1984); juvenile chinook
made up 21%.

Nonanadromous salmonids reported in Lolo Creek are rainbow trout,
cutthroat trout, brook trout, and mountain whitefish (Mallet 1974).

Lolo Creek has been degraded by excessive sedimentation from such
timber management activities as road construction and riparian
harvesting. To a lesser degree, placer mining for gold has also
introduced sediment to the system. Most of the habitat degradation on
forest lands occurred during the 1950s and 1960s. Espinosa and Branch
(1979) found no significant improvements and some declines in habitat
quality in the project area since 1974.

Espinosa (1984) identified several factors as potentially limiting
to anadromous fish production in Lolo Creek. Pool/riffle structure,
pool quality, and habitat diversity, including bank cover and instream
organic debris, were rated suboptimal. Sedimentation was rated
excessive in both spawning and rearing habitats.

A BPA-funded habitat enhancement project was implemented in 1983
and continued in 1984-1985. Objectives of the project were:
(1) increase rearing potential for juvenile steel head and chinook,
(2) increase pool frequency and quality, (3) increase hiding and
resting cover for adult spawners, (4) reduce instream sediment loads
through increased scour capability, and (5) increase natural production
of steel head and chinook consistent with IDFG (1985) Idaho Anadromous
Fish Management Plan for Subbasin CL-3.

Anadromous Fish Management Considerations

In 1985, juvenile salmon and steelhead production above the mouth
of Eldorado Creek was exclusively natural production. The stream below
the mouth of Eldorado Creek received a large number of steelhead fry
that drifted from Eldorado Creek. These fry were progeny of surplus
spawners stocked out of Dworshak Hatchery in the spring of 1985. Lolo
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Creek has been supplemented with hatchery-produced, Group "B" juvenile
steelhead during the period 1973 to 1985. Fingerling chinook were
stocked in Lolo Creek I n 1977.

spawners, fry, and fingerlings from appropriate artificial propagation
faci l i t ies. Over the next two to three years, large numbers of chinook

.

1983-1985 Habitat Enhancement Project

El dorado Creek to Yoosa Creek. During 1983-1984, USFS project
personnel installed structures in Lolo Creek in a 160km reach between
Yoosa Creek and Eldorado Creek confluences (Fig. 6). Structures were
intended to diversify habitat primarily by creating pools and
increasing pool quality and cover. In run (and pool) habitat,
treatments consisted primarily of placements of sill logs or "K" dams,
deflector logs, and root wads. Boulder clusters were placed primarily
in riffles to create pocket-water habitat. A few bank-cover devices
were also constructed. Activities in 1985 included minor additions of
structures and structure maintenance.

Downstream of Eldorado Creek. The reach downstream of Eldorado
Creek was treated in 1984 with deflector logs primarily in run habitat.

Project Evaluation

Evaluation status. Final evaluations for mitigation purposes of
instream structure projects should be conducted at full seeding and
after sufficient time has elapsed to allow structures to fully alter
the habitat. Two levels of evaluation are planned for the Lolo Creek
project. General monitoring of fish densities will be used to
determine full-seeding levels. Statistical. comparisons of treated and
control sections will be used to define benefits of the project for
rearing anadromous fish. Through 1985, monitoring sections have been
established and sampled and early evaluations of benefits to rearing of
anadromous fish have been made.

The IDFG evaluation of the Lolo Creek project began In 1984,
one year after implementation began. We identified types of treatments
that would be evaluated and selected treated and control sections in
run and riffle habitat upstream of Eldorado Creek (Petrosky and
HOlubetz 1985). Control sections were identified by USFS personnel as
habitat that they would have treated except for lack of access for
heavy equipment.

B9AD446BR
22



Evaluation of instream structures in July 1984 indicated possible
larger rainbow-steel head but no

evidence of benefits for yearlings.

conditions due to the structures.

The IDFG evaluation of the Lolo Creek project in 1985 was based on
comparisons of densities in treated and control sections in early July
and early September.
one-way analysis of variance (42 sections and eight section types) with
repeated measures on period (Table 4). In run (or pool) habitat
upstream of Eldorado Creek confluence, we selected untreated sections
and sections from three types of instream structure applications: s i l l
logs (placed perpendicularly to the flow), deflector logs (placed
diagonally to the flow), and root wads (cabled into place in runs and
pools). In upstream rif f le habitat,  we selected sections from
untreated areas and cluster placements of boulders. from
Eldorado Creek, we chose sections from untreated run habitat and runs
treated with deflector Iogs.

Other sampling in 1985 included physical habitat measurements of
all established sections in late July, additional observations of
juvenile fish in August and October, and observations of adult chinook
and redds in early September. An annual redd count for Lolo Creek was
also established in 1985 by IDFG, Region 2, Lewiston.

Juvenile rainbow-steelhead. Lolo Creek was under-seeded
by rainbow-steelhead in 1985 (Table 5). However,
to other Clearwater River t r i b u t a r i e s surveyed  in 1985,
juvenile rainbow-steelhead densities were moderately high
(Appendix Al-A5). Rainbow-steelhead fry had just begun emergence
during the July sampling period.

Densities of all age groups of rainbow-steelhead in the 1985
evaluation varied significantly (P < 0.05) by section type and time
period (interaction term) (Table 6). However, these interaction terms
contain several comparisons that do not relate directly to structure
effectiveness. For  example, the F tests reflect that mean density of
age 0 rainbow-steelhead was significantly lower in upstream control
riffles during July than in downstream, treated runs during September
(Fig. 7). The comparisons that  apply  d i rect ly  to  s t ructure
effectiveness are those grouped within time period and habitat type
(upstream run, upstream riffle, and downstream run) (Table 7).

We detected no measurable benefit of instream structures for
rearing of rainbow-steel head fry in 1985. Few fry had emerged in Lolo
Creek upstream from Eldorado Creek confluence by early July
(Fig. 7). Presence of fry downstream of Eldorado Creek in early July
may have been due partially to earlier emergence in this reach but was
probably due largely to dawnstream drift of steel head fry from Eldorado
Creek following adult out-plants in 1985. By September, densities of
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Sill log 8303 17.7 1 . 4 1 2 . 5  1 1 . 9 478 451 100 0
8328 1 5 . 0 1 . 0 1 3 . 9  1 2 . 8 809 556 87 13
8343 1 2 . 4 1 . 2 1 0 . 7  1 0 . 3 546 528 100 0

8349 11.1 1.7 1 4 . 8  1 3 . 7 474 437 100 0

9341 7 . 9 1 . 2 8.3 9.1 588 843 100 0
8357 8 . 3 1 . 9 1 0 . 5  1 0 . 1 421 402 87 13

8380 5 . 9 1 . 4 1 4 . 2  1 4 . 4 541 546 75 25

Root wad

Upstream riffle
Untreated 1

2

3

4

5

6

Upstream run
Untreated 1

I A

2

3

4

5

7

19.0 1 . 0 1 1 . 3  1 1 . 2 282 280 100 . 0
18.1 0 . 8 1 1 . 7  1 1 . 0 383 340 100 0
1 5 . 4 1 . 8 1 0 . 8  1 0 . 0 306 280 7 8 22

14.3 1 .1 1 1 . 8  1 1 . 5 3 3 0  3 2 3 78 22
1 2 . 9 0 . 9 9.2 -a 304 -a 100 0

10.9 1 . 9 1 3 . 8  1 2 . 9 317 287 58 22

7 . 4 0 . 8 1 2 . 5  1 0 . 8 512 443 100 0

Deflector log 8342 12.7 1 . 0 1 1 . 2  1 3 . 8 292 354 89 11

8343 1 2 . 4 1 . 5 1 2 . 0  1 0 . 5 323 283 7 9 22

8344 11.7 1 . 0 1 5 . 4  1 1 . 0 400 287 89 11

8352 10.0 1 . 8 1 4 . 8  1 3 . 5 4 0 9  3 7 9 87 33

8437 7 . 8 1 . 9 1 1 . 2  9 . 1 292 237 78 22

8311 18.3 0 . 8 1 3 . 3  1 3 . 1 411 487 100 0

8343A 1 2 . 4 0 . 5 1 3 . 7  1 2 . 8 274 252 100 0
83438 1 2 . 4 2 . 0 1 5 . 3  1 4 . 1 352 324 7 8 22

8349A 1 0 . 3 1 . 2 1 3 . 1  1 3 . 4 289 294 91 8

83498 10.3 1 . 8 1 3 . 4  1 3 . 8 267 272 100 0

9425 9 . 5 1 . 9 1 0 . 4  9 . 3 250 224 87 33

1 8 . 4

18.0

13.8

10.1

7 . 5

8 . 8

2 . 0

1.1

1 . 4

1 . 5

1.1

2 . 5

1 . 4

1 . 3

1 . 9

1 . 0

2 . 0

1 1 . 5  1 1 . 8 2 3 0  2 3 5 0 89

1 2 . 3  1 2 . 1 370 384 33 87

1 1 . 8  1 0 . 0 405 348 17 83

1 7 . 2  1 4 . 5 395 334 44 58

1 3 . 9  1 3 . 5 320 310 11 89

1 4 . 0  1 3 . 2 279 285 0 100

Boulder cluster 8404 17.2

8410 1 5 . 9

8323 15.3

9359 8 . 0

9449 4 . 9

9.1 7.9 291 254 33 17

1 1 . 8  1 0 . 5 418 379 25 42

1 2 . 2  1 0 . 9 389 349 17 42

1 2 . 4  1 1 . 1 559 501 40 80

1 7 . 3  1 7 . 2 484 481 11 87

0
0
0
0
0

22

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

0

11

0

0

0

0

0

50

33

42

0

22

B9AD061CB
24



Table 4. Continued.

Downstream run
Untreated 1 1 . 4 0 . 8 22.8 21.8 995 958 100 0 0

5 0 . 2 1.1 15.7 1 3 . 5 724 820 89 11 0

8 0 1 . 0 1 8 . 8 14.7 670 599 100 0 0

Deflector log 1 1 . 4 1 . 0 2 0 . 4 15.3 939 826 80 20 0

2 1 . 4 1 . 4 2 2 . 8 20.9 902 838 75 25 0

8 0 . 3 1 . 3 1 8 . 2 1 8 . 8 748 890 100 0 0

a Flooded by maintenance of K-dam after July sampling period. ’
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Upstream run
Untreated 1

1A
2

3

4

5
7

Sill log 8303

8328

8343

8348

8431
8357
8380

Deflector log 8342

8343

8344
8352
9437

Root wed 8311

8343A

83438
934914
83488

8425

Upstream riffle 1
Untreated 2

3

4

5
8

Boulder cluster 8404

8410

8323

8359

8449

0
0 . 3
0

0

0

0
0

0

0

0

0

0
0

0

0

0

0 . 2
0

1 . 0

0

0

0
0
0

0

0

0

0 . 5
0

0
0

0

1 . 4

0 . 5

0 . 2
0

0 2.4
0 0 . 8

1.3 1 . 6
3 . 0 2 . 4

3 . 8 3 . 0

5 . 0 4.1
0 . 8 2 . 5

2.1 1 . 5

4 . 4 2 . 5

2 . 4 1 . 5

4 . 9 2 . 5

1 . 5 5 . 8

5.7 5 . 7
5 . 0 1 . 3

9 . 8 3.1

5 . 8 1 . 5
3 . 0 2 . 5
3 . 9 2 . 7

1 . 0 3.1

0 0 . 2

1.1 5 . 8
4 . 3 3 . 4
5 . 9 8 . 9

0 . 7 1 . 5

1 . 8 4 . 0

1 . 2 3 . 4

0 . 5 2 . 7
4 . 2 3 . 0

2 . 0 1 . 3

0 . 9 2 . 5
9.7 1.1

4.1 5 . 5
1 . 4 5 . 0

1 . 5 3.1
8 . 8 5 . 5

3 . 7 4 . 3

0 . 4
0

0 . 3
0

0

0 . 3
0 . 2

0

0

0

0

0 . 2
1 . 2
0

0

0

0
0
0

0 . 5
0

0
0
0

0

0

0

0
0

0

0

0

0

0

0

0 . 2

7.1 0 . 4
2 0 . 4 0 . 8

9.1 0.3
1 . 9 0 . 9

19.1 0 . 3

2 . 5 0 . 3
0 . 2 1 . 2

28.0

9 . 4

5 . 0
1 3 . 0

1 5 . 8

8.1

0.3 0 0
0.3 0.3 0

0.7 0 0

0.9 0 0

4.4 0 0
0.2 0.2 0

33.3 0
17.1 0
1 . 4 0

24.1 0 . 9

1 5 . 2 0

3 . 2 0 . 5

2 5 . 2 0 . 8 1 4 . 4 1.1   0   0 23.3 0 . 7

0 . 5 2 . 0 1 . 8 2.7 0.9 0 9 . 0 0
10.7 0 . 7 4 . 2 0.8 0 0 5.1 0 . 2

2 . 7 2.3 11.0 5.5 0.9 0 1 2 . 4 0
8 . 9 0 9 . 0 2.3 0.9 0.2 9 . 5 0 . 3
3 . 9 5 . 0 8.5 8.0 1.0 0 7 . 7 1 . 2
0 . 8 0 . 8 5 . 8 3.1 0.2 0 2 . 0 0 . 4

992 0 19.2 2.3 0.8 0 8 . 8 0

27.8 0 . 8 8 . 8 1.40 0 8.1 0
1 8 . 8 0 12.2 1.4 0 0 13.2 0

8 . 8 0 1 2 . 9 1.1 0 0 7.1 0

1 . 4 0 . 7 18.8 4.8 0.8 0 5 . 9 0

3 . 8 0 1 2 . 0 0.2 0.2 0 8 . 8 0

1 4 . 8 1 . 5 7 . 5 8.0 0.4 0 2 5 . 4 0 . 8
8 . 0 0 . 8 8 . 2 2.8 0.3 0 1 2 . 0 0 . 3

89.8 0 2 . 0 2.4 0.3 0 23.5 0
31.1 0 3 . 7 1.8 0.4 0 8 . 9 0

2 . 0 0 . 4 8 . 2 2.7 2.2 0 0 0

0 . 9 0 1 1 . 5 0.4 0 0 1 3 . 8

5 . 7 0 19.2 0.5 0 0 17.8
1 . 2 1 . 0 7 . 4 0.3 0 0 4 . 0

4 . 8 0 1 3 . 8 1.2 0.3 0 1 . 8
0 . 3 0 . 8 5 . 8 1.0 0 0 0

0 0 2 . 3 0.9 0 0 0

1 .o
0

0

0 . 2
0

2 . 7
0 . 2

0 . 3

0 . 5
0

18.1
14.2

5 . 7
2 . 8

3.1

1.8 0.4 0

1.8 0.3 0
0.3 0 0

0.2 0 0

2.1 0.2 0- _ __

2 0 . 9
1 2 . 4

0

0 . 8
0

0

0
0

0
0

0

0

0
0

0

0
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Darnstream
Untreated 1 18.5 0 . 2 0 . 3 0.1 0.1 0 1 1 . 8 1.1 0.1 0 0 . 3 0

5 13.7 0 . 7 0 . 8 0.1 0.1 0 9.1 8.1 0 . 2 0 1.1 0

8 24.0 0 . 3 0.1 0 0 0.1 1 1 . 4 3 . 2 0 . 2 0 2 . 0 0

Deflector log 1 1 1 . 2 1 . 3 1.1 0 0 . 5 0 1 5 . 0 4 . 0 0 . 2 0 1 . 3 0 . 2

2 8 . 2 1 . 0 0 . 3 0 0 . 4 0 12.3 4.7 0.1 0 1.1 0

8 1 5 . 2 0.1 0 . 8 0 0 . 7 0 1 1 . 8 5 . 9 0 . 4 0.1 5 . 5 1 . 0
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Table 8. Analysis of variance summary for age-groups of rainbow-steelhead and chinook intreated
and untreated sections, Lolo Creek, July and September 1985.

Section type 7 7.8 [<0.01] 1.0   [0.43] 3.5 [<0.01] 1.3   [0.28] 2.4  [0.04]

Section  type  X  34      -
replicate
(Error a)

Period 1 53.9  [<0.01]   0.1 [0.91]  98.4 [<0.01] 24.9 [<0.01] 0.7 [0.40]

Section type X 7 5.9 [<0.01] 3.5 [<0.01] 3.8 [<0.01] 5.8 [<0.01] 1.4 [0.24]
period

Error b 33      -

Total 82
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Table 7. Least square mean densities by treatments and probabilities of greater t, Lolo Creek,
July and September 1985. Differences significant at = 0.05 are denoted by *.

July l-4

Rainbow-steelhead
0 URUN SILL

DEFL
ROOT

URIFF BOUL
DRUN DEFL

>l

Chinook
0

URUN SILL
DEFL
ROOT

URIFF BOUL
DRUN DEFL

URUN

URIF
DRUN

SILL 2.94 2.33 0.81 0.28
DEFL 2.59 2.33 0.28 0.87
ROOT 3.83 2.33 1.30 0.02*
BOUL 4.88 2.33 2.35 <0.01*
DEFL 0.78 0.33 0.43 0.80

URUN SILL
DEFL
ROOT

URIF BOUL
DRUN DEFL

URUN SILL
DEFL
ROOT

URIF BOUL
DRUN DEFL

7.10 8.80
12.72 8.60
21.48 9.60
4.06 2.15
0.54 0.07

0
0.24
0
0.42

10.87

3.71 1.93 1.78 0.08
4.82 1.93 2.89 0.02*
2.27 1.83 0.34 0.74
3.48 3.08 0.38 0.73
0.80 0.40 0.41 0.79

8.88 4.43 2.43 0.03+
7.20 4.43 2.77 0.03*
5.98 4.43 1.55 0.18
8.08 5.42 2.66 0.04*
1.57 0.80 0.77 0.85

0.04 -0.04 0.98
0.04 0.20 0.93
0.04 -0.04 0.99
0.08 0.34 0.89

18.73 -7.88 0.02*

-1.50
4.12

12.88
1.91
0.47

0.73
0.39
0.01c

0.70
0.94

B9AD061CB

29



Table 7. Continued.

September 3-5
.

-4.72
Rainbow-steelhead

0 URUN SILL 7.82 12.54
DEFL 14.00 12.54
ROOT 8.27 12.54
BOUL 8.74 10.00
DEFL 13.03 10.43

0.04*
0.55
0.01*
0.59
0.42

1.48
-8.27
-1.28

2.80
URIF
DRUN

URUN SILL 3.04 1.41 1.83 0.13
DEFL 2.18 1.41 0.75 0.51
ROOT 2.85 1.41 1.24 0.28
BOUL 1.18 0.70 0.48 0.88
DEFL 4.87 3.47 1.40 0.35

URIF
DRUN

URUN SILL 0.58 0.20 0.38
DEFL 0.28 0.30 0.08
ROOT 0.83 0.20 0.43
BOUL 0.18 0.05 0.13
DEFL 0.23 0.17 0.08

0.53
0.99
0.47
0.83
0.94

URIF
DRUN

URUN SILL 3.83 1.58 2.05 0.09
DEFL 2.44 1.58 0.88 0.50
ROOT 3.12 1.58 1.54 0.21
BOUL 1.34 0.77 0.57 0.84
DEFL 5.13 3.83 1.50 0.37

URIF
DRUN

Chinook
0 URUN SILL

DEFL
ROOT
BOUL
DEFL

9.98
9.82

12.90
8.78
2.83

17.47
17.47
17.47
8.17
1.13

-7.81
-8.95
-4.57
0.81
1.50

0.11
0.09
0.35
0.90
0.82

URIF
DRUN

a Habitat types: URUN = upstream run; URIF = upstream riffle; DRUN = downstream run.

b Treatments: SILL = sill log; DEFL = deflector log; ROCK = root wad; BOUL = boulder cluster.

C t-test not protected by significant F-test in the analysis of variance.
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RAINBOW-STEELHEAD

1985
JULY  SEPT

RUN HABITAT
(N  25 )

204

.

1 0

4

RIFFLE HABITAT
(N  11 )

RUN HABITAT
(N 0)

AGE GROUP

CONTROLS

INSTREAM
STRUCTURES

ELDORADO CRELDORADO CR

Figure 7. Density by age-group of rainbow-steelhead in treated and
untreated sections, Lolo Creek, July and September, 1985.
Major habitat classifications are run and riffle habitat
upstream from Eldorado Creek and run habitat downstream from
Eldorado Creek. 31



age 0 rainbow-steelhead were similar in all habitats. There was no
indication that structures improved rearing conditions for
age 0 rainbow-steelhead in either July or September. Fry were
significantly less abundant than in controls for three contrasts: s i l l
log treatments in September, root wad treatments in September, and
downstream deflector log treatments in July (Table 7).

Densities of rainbow-steelhead parr were consistently higher in
sections with structures than in sections without structures in both
July and September 1985 (Table 5). Densities of yearlings decreased
between July and September in the upstream reach while increasing in
the downstream reach (Fig. 7).
disappeared from the project area by early September. Based on means
of all habitats, and both months, the sections with
instream structures supported a density of yearlings and older fish
that was 1.8 fish/l00m2 higher than in controls representing a
66% increase in rearing density.

Additional observations of rainbow-steelhead densities
were made in a few sec t ions  i n early August and October
(Table 8). Rainbow-steel head of all age groups had sought winter cover
by early October either in the substrate or in downstream areas.

Juvenile chinook. Most of Lolo Creek was severely under-seeded by
juvenile chinook during the 1985 evaluation (Table 5). However,
densities had increased over 1984 levels (Appendix A-l ).

Posttreatment evaluation of Lolo Creek instream structures for
chinook rearing was ambiguous in 1985 due to low seeding and variable,
clumped fish distributions (Table 5). Significant differences in
chinook densities occurred in the F tests only for the section-type

of treatment) supported higher densities than upstream
riffle habitat or downstream run habitat (Fig. 8). Juvenile chinook
tended to use treated and untreated riffle habitat to a greater extent
in September than in July.

Juvenile chinook had disappeared from the water column by early
October (Table 8). As in the case of rainbow-steel head, juvenile
chinook had either entered the substrate or had emigrated to downstream
areas by fall.

Adults and redds. We observed only eight live adult chinook in the
Lolo Creek project area in 1985. Five were using some type of instream
structure for cover (Table 9). During juvenile fish surveys
(September 3-5), we observed 13 redds in the project area, only two of
which were located in areas affected by instream structures. The
13 redds observed on the ground compared favorably with the aerial redd
count of 12 redds on September 4.
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1985
JULY SEPT

RUN HABITAT
(N 25)

RIFFLE HABITAT
(N  11 )

RUN HABITAT
(N 6)

Figure 8. Density of age 0 chinook in treated and untreated sections,
Lolo Creek, July and September 1985. Major habitat classifications
are run and riffle habitat, upstream from Eldorado Creek and
run habitat downstream from Eldorado Creek.
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Table 8. Monthly changes in density (number/100m2) by age group of
rainbow-steelhead and chinook in selected Lolo Creek sections,
July-October 1985.

Upstream
Sill log

Upstream run
Sill log

Downstream run
Deflector log
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Table 9. Observations of adult chinook and redds, Lolo Creek, 1985.

7/l-4 T
U

7/29-31 T

913-5

U 16.1 1

T

T

T

T

U

U

U

U

-
-

7.9

17.7

16.4

15.9

0.3

17.7

16.1

15.9

14.3

0
0

2

2

0

0

1

1

0

0

1

0
0

0

0

0

0

0

0

0

1

0

0

0
0

0

0

0

1

1

0

4

4

1

2

Fish using natural bank
cover, upstream pool of
sill log.

Fish using natural
bankcover.

Fish using pool of sill
log.

Redd in tail-out of
sill log pool.

Redd in tail-out of
sill log pool.

Fish using deflector
log for cover.

Redds in natural
gravel.

Redds in natural
gravel.

Redds in natural
gravel.

Redds in natural
gravel.
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Resident salmonids. Resident trout and whitefish were present in
the Lolo Creek project area in low densities in 1985 (Table 10). We
observed cutthroat trout, brook trout, and hatchery rainbow trout only
upstream of Eldorado Creek confluence; neither brook trout, nor
cutthroat trout, had been observed in 1984. Whitefish were more
abundant downstream than upstream of Eldorado Creek both years.

Physical habitat. Because evaluations began after project
Implementation, habitat changes were measured indirectly in 1985 as a
comparison of post-treatment conditions in treated and untreated
sections (Table 11). Full effects of scour and deposition due to the
structures were not evident in 1985, nor had the structures been
subjected to a heavy run-off event.

In 1985, habitat was changed the most by sill-log applications in
upstream run habitat. Compared to controls, sections with sill logs
were deeper, slower, and contained more deposited sand (Table 11);
benefits of scour pools and increased gravel sorting downstream of the
sills were offset partially by sand deposition upstream of the sills.

Future Evaluation and Recommendations

Localized improvements in rearing habitat due to structure
installations in Lolo Creek should be reevaluated in about 3-5 years
provided that rainbow-steelhead and chinook densities have been
increased to approximate full-seeding conditions. The 1985 sampling
design should be maintained with some minor modifications. An
additional three treated and three control sections should be added in
the downstream reach. A mean tendency in 1985 for control runs to be
farther upstream and lower gradient than treated runs (Table 4) should
be corrected by addition of more control run sections. The rate of
structure failure should be determined and factored into estimates of
structure benefits.

Eldorado Creek

Eldorado Creek is 26 km long and enters Lolo Creek at stream
kilometer 42 (Fig. 9). About 1 .6 km from its confluence with Lolo
Creek, three natural basalt falls and a boulder constriction adjacent
to USFS Road 500 restricted passage of anadromous fish. Removal of the
barriers will bring an estimated 16-20 hectares of spawning and rearing
habitat into production for steelhead and chinook.

The barriers had been a total block to both steelhead and chinook
in recent years. Nez Perce tribal biologists surveyed Eldorado Creek
in 1983 (Fuller et al. 1984) and found cutthroat trout to be the only
salmonid above the barriers and found cutthroat trout to be the only
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Table 10. Mean density (number/100m2) by age group of cutthroat (CT), brook trout (BK), whitefish (WF),
and hatchery rainbow  trout (HRB),  by habitat and treatment,  Lolo  Creek,  July  1-4  and
September 3-5, 1985.

Upstrewn run
Untreated 0

Sill log 0.1

Deflector log 0

Root wad 0.1

Upstream riffle
Untreated 0

Boulder cluster +

Downstream run
Untreated 0

Deflector log 0

0

0

0

0

+ 0 + 0

0.1 0.1 0 0.2

0 0 0 0

0 0 0 0 .1

0 0 0 0

0 0 0 0

0 0 0.2            0

0 0 0.1            0

0 + 0 0 0 +

0 + 0.1 0 0.2 0.2

0 0 0 0 0 0.2

0 0 0 0 0 0.1

0 0 0 0 0 0

0 0.1 0 0 + +

0              0 0 0 0.4            0

0 0 0 0 0.3            0
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Upstream run
CONT 14.7 68.0

63.8

73.3

50.1

17.3

22.2

0

26.3

3.3

6.1

0

0

0

7.4

0

1.8

0

0

0

0

0

0.9

0

0

0

0

0

0

58.6 38.0 6.3

71.3 27.7 0.8

46.6 48.8 4.4

26.2 38.8 18.8 16.1 30.7 21.3

40.5 33.3 22.3 2.8 15.0 15.0

23.4 47.3 22.0 7.2 44.4 22.2

26.4 31.7 20.2 22.7 20.8 14.0

18.7

15.0

4.4

12.3

11.7

10.0

16.7

13.0

12.0

14.0

0.7

18.3

6.0

6.0

4.2

0

17.3

41.1

22.2

24.6

11.7

11.7

0

2.0

SILL 5.5

DEFL 26.6

ROOT 15.8 70.2 28.1 1.8

Upstream riffle
CONT 43.4 53.3 40.0 46.7 11.6 1.7 0 16,5 48.4 24.0 8.2 48.7 25.0

DEFL
18.3 76.7 43.0 33.3 17.6 3.5 1.7 16.7 44.0 27.2 12.2 53.3 20.0

Downstream run
CONT 4.2 85.8

88.1

8.3 87.5 4.2

19.5 58.4 22.3

0

0

0

0

8.2 48.8

10.0 32.1

42.3

52.8

3.0

5.3

41.7

61.1

37.5

22.2DEFL 13.8



Figure 9. Location of 1984-85 barrier removal project on Eldorado
Creek and established monitoring sections.
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salmonid above the barriers. A few resident rainbow trout had al so
been reported above the barriers prior to barrier removal (W. Murphy,
USFS, Kamiah, Idaho, personal communication).

Eldorado Creek has been degraded to a similar degree as Lolo Creek
from past timber harvesting and road construction. This BPA habitat
project addresses only the adult passage problems at the barriers.

Objectives of this project are: (1) provide access for adult
steelhead and chinook into spawning and rearing areas of Eldorado
Creek, (2) introduce populations of suitable stock into habitat made
available by the Barrier Removal project, and (3) increase natural
production of steelhead and chinook consistent with IDFG (1985)
Anadromous Fish Management  Plan for Subbasin CL-3.

Anadromous Fish Management Considerations

Management plans call for hatchery supplementation of Eldorado
Creek whenever seeding of natural production capacity is below the
full-seeding level. With the barrier being removed in 1985, stocking
of hatchery-produced juvenile salmon and steelhead into Eldorado Creek
will be extensive over the next several years. Introductions of summer
steelhead (Clearwater "B" - Dworshak NFH) began in 1985 into Eldorado
Creek above the barriers. A total of 1,150 adult steelhead (248 males
and 902 females) were outplanted from Dworshak NFH in April 17-19,
1985, and alIowed to spawn naturally. During April 29-May 1, 1985,
121,284 steel head smolts were outplanted above the barriers; all smolts
were marked with an adipose clip. Two-ocean adults should return to
spawn in 1988 from the 1985 smolt releases and in 1990 from the 1985
adult releases.

Spring chinook had not been introduced into Eldorado Creek above
the barriers through 1985 due to a lack of availability of appropriate
stock.

Portions of Eldorado Creek were probably full seeded with steelhead
fry in 1985 from the spawning of 1,150 surplus spawners from Dworshak
Hatchery.

1984-1985 Barrier Removal Project

Four migration barriers on Eldorado Creek were successfully
modified by blasting in 1984-1985 to allow upstream passage of adult
steelhead and chinook (Murphy and Espinosa, 1985). No further work on
the barriers should be necessary.
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Project Evaluation

Evaluation status. Because the barriers completely blocked
upstream passage of adult steel head and chinook, evaluations will be
based on the estimated standing crops of anadromous fish that can be
supported above the barriers at full seeding. Two levels of evaluation
are planned for the Eldorado Creek project. General monitoring of fish
densi ties will be used to determine full-seeding levels, and standi ng
crop estimates will be made when anadromous populations are determined
to be close to potential. Through 1985, monitoring sections have been
established and sampled. A post-treatment standing crop estimate for
the drainage is planned for 1986.

The IDFG evaluation of the Eldorado Creek project began in 1984 as
a pretreatment assessment of anadromous and resident fish populations.
We found no evidence of anadromous fish use above the barriers in 1984
(Petrosky and Holubetz 1985). Cutthroat trout  was the only salmonid
species observed above the barriers in 1984 and, also, in a 1983 survey
by the Nez Perce tribe (Fuller et al. 1984).

The IDFG established new monitoring sections in 1985 selected to be
more easily identified for repeatability in future monitoring. Two
sections (1M and 2M) were established in the upper low-gradient meadow
above Lunch Creek confluence (Fig. 9 and Table 12). We identified two
general habitat types in the reach between the barriers and Lunch Creek
and selected two sections from each type. Low-gradient areas (1% and
less, Sections 1LG and 2LG) in this reach were characterized by long,
slow runs with few riffles. Relatively higher-gradient portions
(Sections 1HG and 21-G 1 of the reach contained more riffle area and
occasional pocket water. Section 1B below the barriers was retained
from the 1984 survey.

Sampling in 1985 included monitoring of juvenile anadromous
fish and resident salmonid densities in seven sections during
July 31-August 4. Additional observations on timing of steelhead fry
emergence were made July 4, 1985, in conjunction with Lolo Creek
sampling.

Juvenile rainbow-steelhead. Two groups of rainbow-steel head were
observed in 1985 above the Eldorado Creek barriers, both the result of
1985 releases. Age 0 steel head, progeny from the 1985 adult outplants,
were present in an 11.6 km reach above the barriers to Lunch Creek
(Table 13). Residualized, adipose-clipped steel head from 1985 smolt
releases were also observed in this reach. Below the barriers,
rainbow-steel head parr were present in similar densities in 1984 and
1985 (Appendix A-2).

Outplanting adult steel head in 1985 provided a high level of
seeding of fry in an 11.6 km reach of Eldorado Creek (Table 13).
Downstream drift of steel head fry also partially seeded Eldorado Creek

B9AD446BR
41



Table 12. Sections sampled in Eldorado Creek, July 31 (above barriers) and
August 4, 1985 (below barriers).

Above barriers

1M 0.6 15.7 597 100.0 0 0
2M 0.5 6.4 510 100.0 0 0

1HG 1.6 7.5 758 13.3 26.7 60.0
1LG 0.6 11.6 1054 93.3 6.7 0
2HG * 1.3 9.3 889 86.7 13.3 0
2LG 1.0 6.3 539 86.7 13.3 0

Below barriers

1Ba 2.5 7.5 505 14.3 0 85.7

a Sampled shorter section than in 1984--turbidity was moderate following
thunder storms and high flow.
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Table 13. Density (number/100m2) by age-group of rainbow-steel head and
chinook above and below barriers, El dorado Creek, July 31 and
August 4, 1985.

Above barriers
TM
2M

0 0 0 0 0 0 0
0 0 0 0 0 0 0

IHG 51.8 0 0 0 0 0 2.1
1LG 13.5 0 0 0 0 0 0.9
2HG 54.6 0 0 0 0 0 2.4
2LG 126.7 0 0 0 0 0 0.7

Below barriers .

1B 18.6        2.6        2.6        0.2        0 0 0.2

a Residualized steelhead from 1985 smolt releases.
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below the barriers and downstream portions of Lolo Creek (Table 14).
The first opportunity to estimate the number of yearling steelhead
produced within Eldorado Creek above the barriers (from a known number
of adults) will be in 1986. The contribution to downstream areas by
fish produced above Eldorado Creek barriers probably will not be
estimable from the planned level of evaluation.

A portion of steelhead smolts released into Eldorado Creek in
spring 1985 residualized. By late July, the reach between the barriers
and Lunch Creek contained an estimated 1,549 ± 833 residualized
steel head smolts or about 1.3$ of the number released in Apri l .
Because mortality and downstream drift could not be accounted for,
1.3% residualization is a conservative estimate.

Juvenile chinook. No juvenile chinook were observed in Eldorado
Creek sections in 1984 or 1985 either above or below the barriers
(Petrosky and Holubetz 1985) (Table 13).

Resident salmonids. Cutthroat trout was the only resident salmonid
species identified upstream of the barriers in Eldorado Creek during
surveys in 1983 (Fuller et al. 1984), 1984 (Petrosky and Holubetz
1985), and 1985 (Table 15). Cutthroat densities were slightly higher
in 1985 than in 1984. Below the barriers in 1985, cutthroat and
mountain whitefish were present in low densities.

Physical habitat. Except for determinations of section lengths,
widths, gradients, and percentage habitat type (Table 12), physical
habitat has not been measured in Eldorado Creek for these evaluations.
In general, Eldorado Creek appeared to contain good rearing habitat for
juvenile anadromous fish although sediment levels are high. Spawning
habitat upstream from Lunch Creek appeared scarce. Physical habitat
will be measured in the 1986 evaluation.

Future Evaluation and Recommendations

Future project evaluation for mitigation requires a determination
on whether improved passage was actually attained and standing crop
estimates for juvenile rainbow-steelhead and chinook at fulI seeding.
Observations should be made at the barriers as adult steelhead and
chinook begin to return from initial introductions. When adult chinook
first return, an annual spawning ground survey should be initiated in
Eldorado Creek.

Unbiased estimates of standing crops can be calculated from
densities in stream sections with application of either a stratified
random or systematic stratified sampling design (Scheaffer et al.
1979). Strata should include the reach from the barriers to Lunch
Creek, the reach above Lunch Creek, and one reach for each tributary
that is accessible to juvenile anadromous fish (i.e., Cedar Creek,
Trout Creek, and Dollar Creek).
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Table 14. Density (number/100m2) by age-group of rainbow-steelhead, chinook,
and cutthroat trout during July 1-4, 1985 in Eldorado Creek,
compared to densities in Lolo Creek above and below the
confluence.

Eldorado Creek

Above barriers;
near section 2M

Above barriers;
Subsection 2HG

Above barriers;
Road 5119 bridge

Lolo Creek

Above El dorado
Creek (36
sections)

Below El dorado
Creek
(6 sections)

180 0 0 0 0 0 0 1.7

232 176.7 0 0 0.4a 0 0 9.5

111 495.6 0 0 0 0 0 6.3

13,766 0.1 3.1 3.0    0.1      8.8 0.7 0.03

4,877 14.8 0.6 0.6    0.03    0.3 0.02         0

a Single fish, probably a residualized steel head smolt.
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Table 15. Density (number/100m2) by age-group of cutthroat trout and
whitefish, above and below barriers, Eldorado Creek, July 31
and August 4, 1985.

Above barriers

1M 10.7 0 0
2M 12.9 0 0

1HG 7.5 0 0
1LG 5.0 0 0
2HG 8.8 0 0
1LG 5.4 0 0

Below barriers

1B 0.4 0 0.2
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set of physical habitat measurements will not be
essential to estimate benefi ts for th Eldorado Creek project.
However,
responses between streams as part of an overall, integrated data base.

Upper Lochsa River

The Lochsa River is formed by the confluence of Crooked Fork Creek
and White Sand Creek (Fig. 10). Each major tributary is about
39 km long and drains about 60,000 hectares of the Bitterroot Mountains
(Espinosa 1984). Crooked Fork Creek watershed is owned by USFS

is owned primarily by USFS (98%); this tributary originates in the
wilderness area. The two streams have similar

channel gradients (1%) and flows (4.5-4.8 m3/s, base; 85 m3/s, peak).
The project area includes USFS-owned portions of Crooked Fork Creek and
White Sand Creek outside of the wilderness area.

Crooked Fork Creek and White Sand Creek are major producers of
summer steelhead and spring chinook for the Lochsa River. Within their
systems, they contain the bulk of the remaining high quality spawning
and rearing habitat for anadromous fish on the Clearwater National
Forest. The long-term ability to restore and maintain anadromous fish
runs to the upper Lochsa River depends on maintenance and enhancement
of spawning and rearing habitat in these two systems. Records of
densities of juvenile rainbow-steel head and chinook for Crooked Fork
Creek and White Sand Creek go back to 1975 when steel head run size was
the lowest in recent history (Graham 1977, and Mabbott 1982). Existing
juvenile density data from 1975-1984 was summarized in Petrosky and
Holubetz (1985).

Nonanadromous salmonids in the upper Lochsa River system are
rainbow trout, cutthroat trout, bull trout, brook trout, and mountain

road construction has occurred

Creek watershed and its subdrainage, Brushy Fork Creek (Espinosa
1984). Only the lower 5 km of White Sand Creek drainage have been

A series of seven major natural barriers

No migration
barriers exist in White Sand Creek within the project area.

The USFS habitat surveys on Crooked Fork Creek in 1979 and White

fish production were suboptimum levels of pool quality, bank cover,
pool/riffle structure, and habitat diversity (Espinosa 1984). The

B9AD446BR
47



Figure 10. Location of 1983 instream habitat enhancement project and
1984-85 barrier removal project on the upper Lochsa and
established monitoring sections.
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in Crooked Fork Creek. in 1981, USFS fish abundance surveys on Crooked
Fork Creek above the barriers found age 1 rainbow-steelhead present in

the barriers in 1980 (R. Kramer, USFS, Powell Ranger District, personal
communication),

Objectives of the instream Habitat Enhancement project in Crooked
Fork Creek and White Sand Creek were: (1) increase rearing potential
for juvenile steelhead and chinook, (2) increase pool frequency and

and (3) increase natural production of steel head and chinook
consistent with IDFG (1985) anadromous Fish Management Plan for
Subbasin CL-6.

Objectives of the Barrier Removal project on Crooked Fork Creek
were (1) provide access for adult steelhead and chinook into spawning
and rearing areas of upper Crooked Fork Creek; (2) if necessary,
introduce populations of suitable stock into habitat made available by
barrier removal; and (3) increase natural production of steelhead and
chinook consistent with IDFG (1985) Anadromous Fish Management Plan for
Subbasin a-6.

Anadromous Fish Management Considerations

of White Sand Creek and Crooked Fork to support smolt outplants and
adult trapping for the Clearwater Hatchery. This program should return
large numbers of spawning adults to this area, and the habitat of the
upper Lochsa should be fully utilized in the future.

Prior to the fishway improvement at Lewiston Dam and reintroduction

Crooked Fork. Obviously,
quality habitat for chinook salmon and steelhead trout but the upper

contain even higher quality habitat.

Idaho Department of Fish and Game wilI stock the upper portion of
Crooked Fork and White Sand Creek with appropriate races of spring
chinook and steel head fry over the next several years to ensure that

Removal project will be brought into full production. Much of this
area will have to be stocked by helicopter as there is limited road
access.

Stocking records indicate that lower Crooked Fork Creek was
previously stocked in the 1970s with steelhead fry (Clearwater "B") and
spring chinook fry.
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1983 Instream Habitat Enhancement

in 1983, USFS personnel installed 261 deflector log structures in
Crooked Fork Creek and White Sand Creek by felling and cabling into
place riparian conifers or by cabling existing organic debris. High
water and an ice jam which moved through the project area in winter
1984 reduced effectiveness of the structures.

Maintenance and evaluation of the structures by USFS in 1984
indicated a failure rate of 20% after one year due to structures being

above the water during low flow in 1984. The estimated total pool
habitat scoured by the structures was 1,452 m2 (5.6 m2 per structure
installed).

1984-1985 Barrier Removal

upper Crooked Fork Creek in 1984 and completed the project in 1985
Natural barriers included several

waterfalls and rock chutes on Crooked Fork Creek and a debris jam on

Project Evaluation

Evaluation status. Final evaluations for mitigation purposes of
both the Instream Structure project and the Barrier Removal project
should be conducted at full seeding. Two levels of evaluation are
planned for the projects. General monitoring of fish densities will be
used to determine full-seeding levels. Benefits of the instream
structure project can be determined from a comparison of anadromous
fish densities in treated and control sections. Benefits of the
Barrier Removal project can be determined from estimated standing crops

Through
1985, monitoring sections
early evaluation of benefits of the instream Structure project was
conducted in 1984.

The IDFG evaluation of effectiveness of instream structures in
Crooked Fork Creek and White Sand Creek began in 1984, one year after

A total of nine sections with deflector Iogs
and nine control sections were sampled in August 1984. We found no

presence of the structures and little evidence of change in the summer
rearing habitat (Petrosky and Holubetz 1985). Fish response to the
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structure applications can be reevaluated in the future at higher

altered the habitat through scour and deposition.

The IDFG evaluation of the Barrier Removal project on Crooked Fork
Creek began in 1984 as a pretreatment assessment of anadromous and

Conclusions from the 1984 survey (Petrosky
and Holubetz 1985) and earlier sampling by USFS (A. Espinosa, USFS,

Cutthroat trout dominated fish populations above the barriers.

The IDFG sampling in 1985 consisted of monitoring fish densities

Downstream sections were also
sampled in White Sand Creek and the Lochsa River.

Fork Creek in 1985. \

Juvenile rainbow-steelhead. Crooked Fork Creek below the barriers

Densities in

than in 1983 and 1984 (Appendix A-3).

Crooked Fork Creek in 1986. Standing crops of age 0 and yearling
steelhead upstream of the barriers which result from the introductions
can be estimated in 1986 and 1987.

Juvenile chinook.
Densities

in Crooked Fork Creek declined in 1985 from levels in 1983 and 1984
(Appendix A-3).

introductions into upper
Crooked Fork Creek in 1986. The standing crop of age 0 chinook above
the barriers which results from the introductions can be estimated in
1986.

Resident salmonids. Above the Crooked For k barriers,
were dominated by cutthroat trout in 1985

(Table 18). Cutthroat were resent above the barriers in similar
densities in 1985 (4,9/100 m ) as in 1984 (4.6/100 m2).3 Bull trout
were rare above and below the barriers. We observed whitefish only

Aquatic habitat upstream of the barriers in
Crooked Fork Creek is high quality and much of it is pristine. Depths
and velocities were optimal for juvenile anadromous fish rearing (Bovee
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Table 16. Sections sampled in Crooked Fork Creek, above and below barriers,
and in downstream areas of the Lochsa River drainage
July 9-11, 1985.

Crooked Fork
Above barriers

1A 1.9 7.1 771 43.0 27.0 30.0
2A 2.4 4.7 446 50.0 30.0 20.0
3A 1.3 8.9 1953 57.0 43.0 0
4A 1.6 11.1 2458 40.0 50.0 10.0

Crooked Fork
Below barriers

1B 1.3 17.5 2998 48.0 52.0 0
28 1.4 20.4 3053 58.0 42.0 0

White Sand
WS1 0.7 39.8 3980 100.0 0 0

Lochsa River

Ll - 38.7 4833 80.0 20.0 0
L2 50.1 6057 100.0 0 0
L3 37.8 5786 100.0 0 0
L4 55.3 6188 100.0 0 0
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Table 17. Density (number/100m2) by age-group of rainbow-steel head and
chinook in Crooked Fork Creek, above and below barriers, and in
downstream areas of the Lochsa River drainage, July 9-11, 1985.

Crooked Fork
Above barriers

Crooked Fork
Below barriers

White Sand
WS1

Lochsa River
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Table 18. Density (number/100m2) by age-group of cutthroat trout, bull
trout, whitefish, and hatchery rainbow trout (catchable-size) in
Crooked Fork Creek, above and below barriers, and in downstream
areas of the Lochsa River drainage, July 9-11, 1985.

Crooked Fork
Above barriers

.

1A 5.1 0 0 0 0 0
2A 8.5 0 0.2 0 0 0
3A 3.4 0 0 0 0 0
4A 2.4 0 0 0 0 0

Crooked Fork
Below barriers

1B 0.1 0 0 0 0.4 0
28 0.2 0 0 0 0.6 0

White Sand
WS1 0.1 0 0 0 0.2 0

Lochsa River

L1 0.1 0 0 0.2 0.4 0
L2 + + 0 0 0.5 0
L3 0.1 0 0 0 1.2 0
L4 + 0 0 + 0.5 0.1
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Future Evaluation and Recommendations

Future eva luat ion and f ish  response to  def lec tor  log appl ica t ions
may be necessary d e p e n d i n g  o n  t h e longevity of the remaining
structures. Differences in ful l-seeding densit ies of rainbow-steelhead
and chinook between sections with and without structures can be used to
est imate benefi ts for mit igat ion purposes. increased seeding levels in

a chinook rearing pond in the vicinity of Powell (IDFG 1985).
.

Observations should be made at the barriers as adult steel head and
ch inook  beg in  t o  re tu rn from i n i t i a l introductions.
spawning ground survey in Crooked Fork Creek should be extended into
the reach above the barr iers. Juvenile rainbow-steelhead and chinook
densit ies above barr iers in years without supplementation also can be

B e n e f i t s  o f  b a r r i e r  r e m o v a l c a n  b e  d e t e r m i n e d  f o r  m i t i g a t i o n
purposes from est imates of standing crops of juveni le anadromous f ish
at full seeding (Tab le  1 ) . Annual monitoring o f d e n s i t i e s  i n
established sections will Unbiased

be  ca l cu la ted  f r om dens i t i es  i n
stream sections, us ing an increased number  o f  sect ions in  e i ther  a
s t ra t i f ied  random or  sys temat ic  s t ra t i f ied  sampl ing des ign (Scheaf fer
e t  a l . 1979). Strata should include Crooked Fork Creek from the
barriers to Hopeful Creek, Crooked Fork Creek above Hopeful Creek, and

essen t i a l  t o  eva lua t i ons  o f  t he  Ba r r i e r  Remova l  p ro j ec t . However,
these data should be collected as part of an overall data base for

Crooked River

Crooked River, 27 km long, enters the South Fork Clearwater River
at  r iver  k i lometer  95 (F ig .  11) . The stream lies within the Nez Perce
National Forest. The streambed was dredge mined for gold during the
1950s, and mining claims underl ie much of the stream and surrounding
area.

the BPA-funded habitat enhancement pro jec t addresses

Crooked River supports runs of summer steel head and spring chinook
which were reestablished in the 1960s following removal of Harpster Dan
on the South Fork  Cleat -water  River in  1962. Crooked River has
potential  to support much larger runs of steelhead and chinook than i t

Because of its high-quality water, habitat potential,
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Figure 11. Location of 1984-85 habitat enhancement project on
Crooked River.
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and location in the South Fork drainage,
Crooked River as an important production stream in their Idaho
Anadromous Fish Management Plan.

degraded meadas by USFWS in decreasing order of abundance were
juvenile chinook, mountain whitefish, rainbow-steelhead, bull trout,
and cutthroat trout (Fishery Assistance Office, USFWS, Ahsahka, Idaho,
unpublished data). Nearly ail juvenile chinook and whitefish were
found in the lower meadow.

River during the 1950s. in the upper meadow (Reaches I and II), dredge

relatively straight, high-gradient channel. in the lower meadow
(Reaches III-V), tailings were piled perpendicular to the general
stream course, forcing the stream
meanders. Ground water flows through and around tailing piles in both
meadows creating many of f-channel ponds and sloughs. During runoff,
juvenile trout and salmon use some of these ponds and are trapped as
flow recedes.

adult chinook passage at low flows, and juvenile steelhead and chinook
passage at all flows (Stowell 1984a).

for Reach I, Objectives of the
project were:

1. improve passage to the
steelhead and chinook;

upper meadow by juvenile and adult

2. increase carrying capacity of the stream in the upper meadow;

3. Connect of f-channel ponds to Crooked River to provide
additional rearing habitat;

4. Gain information that can be used to rehabilitate other
dredge-mined streams,
American River; and

5. increase natural product I on of steel head and chinook
consistent with IDFG (1985) Anadromous Fish Management Plan
for Subbasin a-4.

Anadromous Fish Management Considerations

at Lewiston Dam in the early 196Os, chinook salmon and steel head trout
were to reestablish the salmon and
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Summer steel head (Clearwater "B") from Dworshak NM have been
Subsmolts were stocked in

1969, 1971, 1974, and 1981, smolts in 1984 and 1985, and adults in 1978
and 1985.

and 297 not sexed) were released into Crooked River
during April 24-May 2, 1985. These spawners produced large numbers of
fry, and the majority of Crooked River was probably fully seeded with
fry in 1985. A total of 42,235 steel head smolts, all marked by an
adipose clip, were released during April 29-May 1, 1985.

Chinook salmon fry have also been produced in an incubation channel
at Orogrande and released into Crooked River in the past.

Management direction for Crooked River calls for a Smolt

Clearwater Hatchery. in addition to this program, the weir to be
constructed near the mouth of Crooked River will be used to monitor
adult escapement into Crooked River and migration of juveniles out of
Crooked River under the intensive evaluation studies. in 1986 and
1987, efforts will be made to fully seed portions of Crooked River to

Hatchery spawners, fry and fingerlings, will be stocked as needed
in Crooked River in future years to assist in bringing the natural
product I on of Crooked River to full capacity. Returns of smolt
outplants to Crooked River will al so add to spawning escapements and
the ability to fully seed the natural production capacity.

1984-1985 Habitat Enhancement Project

Reach I. Enhancement activities in Reach I to date have consisted

and connection of an off-channel pond to the stream channel in 1984
(Hair and Stowell 1986).

initial plans to lengthen the stream channel by reconstructing the
channel through the tailings have not been carried out. Engineering
feasibility and design studies in 1984 indicated that the channel
changes as proposed would
increase the channel length (J. Orsborne, Civil and Environmental

The possibility of lengthening the stream channel in other locations of
The

engineering studies ident i f ied f lood plain development as an
alternative approach to channel reconstruction.

B9AD446BR 59



Reach II. Enhancement activity in 1985 consisted of instream
structure placements, bank stabilization, riparian planting, and the
connection of of f-channel ponds. Flood plain development of
channelized areas was also accomplished in 1985 to allow for reduced
scouring and increased deposition of fines during runoff to improve
conditions for riparian revegetation.

Reaches III-V.
meadow of Crooked River. There appears to be an excellent opportunity
for connection of off-channel ponds in this area.

Project Evaluation

Evaluation status. Three basic levels of evaluation are planned
for Crooked River: general monitoring; evaluations based on standing
crops ; and an intensive study designed to determine relationships

Through
1985, monitoring sections have been established and sampled and
sampling approaches for standing crop evaluations have been
established. The first posttreatment evaluation of the Crooked River
project is planned for 1986. The intensive study will be initiated
after the construction of an upstream and downstream migrant trapping
faci l i ty.

will require different evaluation approaches. Of f-channel pond
developments can be evaluated as habitat additions (Petrosky and
Holubetz 1985; Everest et al. 1984). in-channel enhancement requires
establishment of control sections within the treated stream reaches
(Table 20) to determine differences in rearing densities between
treated and untreated sections. The replacement of the barrier culvert

conditions) can be used as a mitigation benefit.

The IDFG evaluation of the Crooked River project began in 1984
as a pretreatment assessment of the work planned for 1984-1985 in
Reach I.
of Reach I that were to be treated with structures, rechanneled, or
left untreated (Fig. 12). Physical habitat conditions were measured

Forest and Range Experiment
Station (IFRES, USFS, Boise, Idaho) under subcontract to IDFG.

Pretreatment fish monitoring during 1984 indicated low densities of
anadromous fish in Reach I which was due to a combination of depressed
spawner escapements, the partial barrier at the culvert, and degraded
habitat conditions (Petrosky and Holubetz 1985). Anadromous fish

III-V were higher and canparable to
densities in nearby Red River.
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Figure 12. Monitoring sections established in Reach I, Crooked River.
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and resident f ish densit ies in  e ight sections during summer
(Table 21); observations of habitat use by juvenile fish in the fall
and spring 1986;

Physical habitat
data were also collected in 1985.

Juvenile rainbow-steelhead.
rainbow-steelhead in July 1985 were relatively low (Table 22) and

Fry densities were much
higher in 1985 (average, 401.6/100 m2) than in 1984 (< 0.1/100 m2) due
primarily to the stocking of adult steelhead in 1985. Residualized

densities in 1985.

Snorkeling observations in of f-channel ponds indicate that
rainbow-steelhead in early life stages use this type of habitat at
least through their first winter (Table 22).

Juvenile chinook. Densities of age 0 chinook in July 1985 averaged
52.8/100 m2 (Table 22), a large increase from 1984 levels
(Appendix A-4). Densities in Reach I increased from an average of
0.2/100 m2 in 1984 to 16.8/100 m2 in 1985 (Table 22), due partially to
replacement of the barrier culvert with a bridge.

Response of juvenile chinook to instream structures in
Reach I cannot be determined from the current monitoring data. Treated
sections in 1985 appeared to contain a higher proportion of optimal
rearing habitat in terms of depths and velocities, but much of this
habitat was not occupied by chinook. Average densities in 1985 were
s i m i l a r  i n treated and control sections (18.0 and
15.6/100 m2, respectively, Table 22). Releases of juvenile chinook
into upper areas of Crooked River in 1986 will increase densities and
facilitate posttreatment evaluations of the instream structures in
Reaches I and II.

Development of off-channel ponds appear to have good potential to
increase the capacity of Crooked River for chlnook rearing.
Age 0 chinook occupied these ponds during summer and fall 1985
(Table 23).
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Table 21. Sections sampled in Crooked River, July 15-19, 1985.

Reach I
Control 1
Rechannel Ba 1.4 10.9 993

1.6 9.5 581

Sill log A
Boulder B -

Reach II
Control 1

Treatment 1 - 9.2 754 66.7 33.3 0

Reach III-V
Forced Meander 1  0.3
Forced Meander 2  0.3

9.4
9.4

11.4

9.7 775 65.5 34.5 0
12.0 1468 73.2 26.8 0

856 -
856 - -

1202 60.6 39.4 0

a Control 2 was not sampled as planned because of disturbances by small
suction dredge.
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Reach I
Control 1
Rechannel B

0
0

Sill log A 1 797.2 0.6 0.7 0.2 31.9 0 0.8
Boulder B 1 467.3 1.2 0.6 0.1 4.2 0.5 34.0

Reach II
Control 1
Treatment 1

0
0

Reach III-V
Forced Meander 1 0
Forced Meander 2 0

414.4 0.2 0.3 0
551.3 03 0 0

340.8 1.8 0.7 0.1 90.2 0.1 0.4
215.0 0.8 0.7 0 52.4 0.4 0.1

241.7 0 0.4 0 81.9 3.1 0
254.9 0 0.1 0 40.7 0.7 0

9.7
21.5

0
0

1.5
11.7

a Residualized steelheed from 1985 smolt releases.
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Table 23. Density (number/100m2) by age-group of rainbow-steelhead and chinook in
in-channel [Boulder B) and off-channel [pond) habitats, Reach 1, Crooked
River, October 10, 1985 and April 18, 1988.

October
Boulder B 956 0.4 0.7 0.4 0 0.6 0 12.1
Pond 180 156.9 0 0 0 6.7 D 0

Apri1
Boulder Bb

Pond 160 - 17.2 0 0 - 0 5 .0

a Represent residualized steelhead from smolt releases (October) and recently stocked
smolts (Apri1).

b Extremely high density of smolts prevented effective density estimation by
snorkeling.
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Adults and redds. Adult steelhead released into Crooked River in
1985 held and spawned in both treated and untreated habitat of Crooked
River. Many adul ts  ascended smal l  t r ibutar ies  to  spawn. Within
Reach I of Crooked River, adult steelhead used sections that contained
st ruc tures p re fe ren t i a l l y over u n t r e a t e d  s e c t i o n s  b y  a  4 : 1  r a t i o
(Table 24).

Chinook spawning escapements Into the upper end of Crooked River
have been too smal l  to  determine whether  adu l t  ch inook prefer  areas
wi th  s t ruc tures . However, adult chinook and chinook redds have been
associated with some of the structures.

Resident salmonids. Res iden t  cu t t h roa t  t r ou t ,  b rook  t r ou t ,  bu l l
t r ou t , and mountain whitefish were observed in Crooked River sections
in 1984 and 1985 (Table 25). In  1985,  we observed 22 bu l l  t rout  in
one treated sect ion in Reach I. Whi te f ish  were most  abundant
downstream in Reach III.

Physical hab i ta t . Deta i led phys ica l hab i ta t  measurements  in
sections of Reach I and IV are summarized in Appendix C and Petrosky
and Holubetz (1985, Appendix C).

In general, pretreatment conditions in Reach I can be characterized
b y  l o w  p o o l  t o  r i f f l e  r a t i o s  a n d  p r e d o m i n a n t l y  r u b b l e  s u b s t r a t e .
Pretreatment condit ions in Reaches II I-V can be characterized by high
pool to r i f f le rat ios and smaller substrate with higher embeddedness.
Post-treatment habitat changes will be documented in future evaluations.

Future Evaluation and Recommendations

Future pro jec t  eva luat ions for  mi t igat ion based on s tand ing crops
requi re e s t i m a t e s  o f i nc reased  rea r i ng  po ten t i a l i n  t h e  t r e a t e d
in-channel a reas ,  an assessment of t h e  i m p o r t a n c e  o f connected
of f-channel ponds, and deve lopment  o f  the fac tor  which is  needed to
est imate benef i ts  f rom removal  o f  the par t ia l  bar r ie r . The intensive
study wi l l  p rov ide a  d i rec t  means to  est imate smol t  y ie lds  based on
estimates of increased standing crops. The in tens ive s tudy wi l l  a lso
provide an opportunity to investigate survival rates between various
l i fe stages and t imes of year, seasonal habitat use and movements, and
l imit ing factors of anadromous f ish populat ions.

The approach to evaluate any future treatments in the lower reaches
should be designed into the implementation plan. The intensive study
must be integrated closely with the general evaluations in Crooked
River and other project streams in the Clearwater drainage. Results of
t h e  i n t e n s i v e  s t u d y should al so provide feedback  t o  t he  gene ra l
evaluat ions, inc lud ing tests of assumptions inherent to sampling
designs based on summer standing crops.
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Table 24. Distribution of adult spawner steelhead on May 2, 1985 and live
chinook and redds on September 2, 1985 in treated and untreated
sections, Reach I, Crooked River.

Sect I on

Years Adul t Adul t Chinook
a f t e r steel head chinook redds

treatment (May 2) (September 2) (September 2)

Control 1 0 8 0 0
Control 2 0 6 0 0

S i l l log A 1 24 0 0
S i l l log B 1 32 1 1

Boulder A 0 a 0 0 0
Boulder B 1 0 0

Rechannel A 0 7 0 0
Rechannel B 0 12 0 0

a Treatment was primarily on banks (bank stabilization, seed, and mulch,
etc. )--mlnimal habitat change instream.
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Table 25. Density (number/100m2) by age-group of cutthroat trout, brook trout, bull trout,
whitefish, and hatchery rainbow trout [catchable-size) in Crooked River
sections, July 15-19, 1916.

Reach I
Control 1 0 0.3 0 0 0 0.2 0 0.7 0
Rechannel B 0 0 0 0 0 0 0.2 0 0

Sill Log A 1 1 .a 0 0 0 2.6 0.6 1.2 0
Boulder B 1 0 0 0.1 0 0 0.1 0.6 0.1

Reach II
Control 1 0 0.2 0 0 0 0.1 0 2.2 0
Treatment 1 0 0.7 0 0 0 0 0 4.6 0

Reach III-V
Forced Meander 1 0 0.4 0 0 0 0.4 30.2 11 .I 0
Forced Meander 2 0 0 0 0 0 0.4 10.3 5.7 0
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Red River

The confluence of Red River with American River near Elk City forms
the South Fork of the Clearwater River (Fig. 13). Ownership of the 31
km of Red River within the project area is about half  pr ivate and half
federal (Nez Perce National Forest). Man 's  act iv i ty  has a l tered f ish
habitat in Red River. Reaches of the river have been dredged for gold
and channelized. Logging and road  cons t ruc t i on  have introduced
sediment streamwide. Graz ing  i n  r i pa r i an  zones  has  l ed  t o  l oss .  o f
r iparian cover, stream bank destabilization, and sedimentation.

Red River supports runs of summer steelhead and spring chinook.
Anadromous runs were restored to  Red River  in  the 1960s fo l lowing
removal of Harpster Dam in the South Fork of the Clearwater River in
1962. Chinook returns to Red River in recent years have been among the
strongest in the state aided by the establ ishment of an adult  trapping
facility and juvenile rearing pond at Red River Ranger Station.

In addit ion to anadromous f ish, Red River supports several native
res ident  spec ies , c u t t h r o a t  t r o u t , b u l l  t r o u t , mountain whitef ish,
northern squawfish, bridgel ip sucker, longnose and speckled date, and
sculpin (Torquemada and Platts 1984). Brook trout have also become
established in the Red River drainage

The USFS project personnel i den t i f i ed  f i ve  r eaches  w i t h  d i f f e ren t
character is t ics  in  Red River  (F ig . 13) and rated habitat with respect
to opportunity for improvement (Stowell  1984b). Reaches rated highest
with respect to potential  improvement were I I ,  IV, and V. Grazing on
p r i va te  l and  i n  Reaches  I , III, and V has degraded riparian meadow
habi ta t . Tailings from past dredge mining operations have channelized
the stream in Reach IV. Sedimentation from logging, road construction,
and grazing is excessive throughout all reaches.

Primary object ives of the BPA-funded habitat enhancement project
for  Red River  were: ( I )  p ro tec t  t he  r i pa r i an  zone  f r om con t i nued
grazing impacts through streamside fencing, (2) reverse the degradation
of cover by reestablishing hardwood vegetation, (3) increase in-channel
c o v e r  f o r  f i s h  t h r o u g h  i n s t a l l a t i o n  o f instream structures, and
(4)  increase natura l  product ion o f  s tee lhead and ch inook cons is tent
with IDFG (1985) Anadromous Fish Management Plan for Subbasin a-4.

Secondary objectives were: ( I )  i nc rease  quan t i t y  and  qua l i t y  o f
spawn ing  and  rea r i ng  hab i t a t  f o r  f i sh , and (2) provide examples of
riparian area management techniques compatible with grazing of private
pastures which may be utilized by other landowners in the future.

Anadromous Fish Management Considerations

A f t e r  t h e  H a r p s t e r Dam was removed from the South Fork of the
Clearwater River, Red River was stocked with adult steelhead spawners
that  were taken f rom the f ishways a t  Lewis ton Dam. An incubation
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Figure 13. Location of 1983-85 habitat enhancement project and established
monitoring sections on Red River.
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Project Evaluation

Evaluation status. Evaluation of the Red River project will
include the general monitoring level and evaluations based on standing
crops. Through 1985, some  o f  t he  mon i t o r i ng  sec t i ons  have  been
established and sampled and sampling approaches have been identified
for standing crop evaluations. The f i rst  post-treatment evaluat ion of
t he  Red  R i ve r  p ro jec t  ( i ns t ream s t ruc tu res ,  Reaches  I I  and  IV )  i s
planned for 1986.

L o c a l i z e d  i m p r o v e m e n t s  i n  r e a r i n g  c o n d i t i o n s  f r o m  i n s t r e a m
structure appl icat ions and r iparian revegetat ion can be evaluated from
comparisons of anadromous fish densities in treated and control
sec t i ons arranged in a blocked ( b y  r e a c h ) s a m p l i n g  d e s i g n
(Table 26). We expect more of a lag t ime in f ish response to r iparian
revegetat ion than to the instream structures.

I f  s t r eams ide  f enc ing  and  r i pa r i an  revege ta t i on  deve lops  i n to  a
large-scale treatment in Red River, important streamwide improvements
in  hab i ta t  cou ld  accrue. Any evaluation of streamwide increases in
rear ing potent ia l  would probably  h inge on a measured habi ta t  change
(e .g . , reduced sediment deposition) that could be attributed to the
project and a habitat-fish response model. Comparable data in other
Clearwater River tributaries will aid in development of such a model.

Evaluation of instream structure applications in Reach IV of Red
River  was begun in 1983 by the Intermountain Forest and Range
Experiment Station (USFS, Boise, Idaho). One pretreatment and one
cont ro l  sect ion were estab l ished to  eva luate  bou lder  p lacements ;  f i sh
populations and physical hab i ta t  parameters  were est imated in  1983
(Torquemada and Platts 1984). In 1984, IDFG began pretreatment fish
monitoring and IFRES continued physical habitat measurements in Reach
IV (Petrosky and Holubetz 1985).

Monitoring effort was expanded in 1985 (Table 27). Instream
structure applications in Reach VI were monitored in one posttreatment,
one pretreatment, and one control sect ion. Establ ishment of sect ions
to evaluate riparian revegetation in Reaches III and V has been delayed
p e n d i n g  d e v e l o p m e n t  o f  a g r e e m e n t s  o r  e a s e m e n t s  w i t h  p r i v a t e
landowners. Physical habitat data were col lected in 1985 for sect ions
in Reach IV by IFRES (Appendix C).

Juvenile rainbow-steelhead. Densities of rainbow-steelhead parr in
J u l y  1 9 8 5  w e r e  r e l a t i v e l y low (Table 28) and down slightly from
densi t ies  in  1983 and 1984 (Appendix  A-5) . Rainbow-steelhead fry
dens i t ies  in  1985 were h igher  downst ream (Reaches IV and V)  than
ups t ream (Reach  I I )  o f  t he  ha t ch ing  channe l s  a t  Red  R i ve r  Range r
Sta t ion.
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Table 26. Status through 1985 of sampling for the experimental design anticipated for
post-treatment evaluations of localized improvements in rearing, Red River project.

Reach II
Control 1
Control 2
Treatment 1
Treatment 2

Reach III
Control 1
Control 2
Treatment 1
Treatment 2

Reach IV
Control 1
Control 2
Treatment 1
Treatment 2

Reach V
Control 1
Control 2
Treatment 1
Treatment 2

a C= control; IS = instream structures; BSR = bank stabilization, riparian revegetation.

b No change in aquatic habitat from enhancement visible in 1996.
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Table 27. Sections sampled in Red River, July 16-18, 1985.

Reach II
Control 1
Treatment 1
Treatment 2

Reach IV
Control 1
Control 2
Treatment 1
Treatment 2

Reach V
Control 2
Treatment 2

-

-

10.1
9.5
9.5

14.4 2403 74.7 25.3 0
13.0 1989 56.7 43.3 0
13.1 2191 65.7 34.3 0
14.5 2620 83.9 16.1 0

13.0
13.3

830
952 - -
854

517
. -

927
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Table 28. Density (number/100m2) by age group of rainbow-steelhead and
chinook in Red River sections, July 16-18, 1985.

Reach II
Control 1
Treatment 1
Treatment 2

Reach IV
Control 1
Control 2
Treatment 1
Treatment 2

Reach V
Control 2
Treatment 2

a Structures not in place by mid-July, 1985.

b No change in aquatic habitat from enhancement yet apparent in 1985.
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Posttreatment information on response of rainbow-steel head to
instream structures in Red River is Iimited to monitoring data f n two
treated sections in Reaches II and IV i n  1 9 8 5  ( T a b l e  2 8 ) .
Post-treatment evaluations planned for 1986 will include samples from at
least two treatments and two controls each in Reach II and Reach IV.
Evaluations of riparian revegetation projects (Reaches III and V) will
be phased into subsequent evaluations as specific implementation plans
evolve.

Juveni le chinook. Densit ies of age 0 chinook in Red River were
among the highest of any Idaho stream surveyed in 1985 (Appendix A-4).
Densities were Iower in the downstream, Reach V, than in upstream
reaches (Table 28).

Posttreatment evaluations of chinook responses to in&ream
structure applications in Reaches II and IV wilI be conducted in 1986.
Determinat ion o f  e f fec ts  o f  r ipar ian revegetat ion on ch inook rear ing
wi l l  occur  in  la ter  eva luat ions.

Resident Salmonids. Res iden t  cu t t h roa t  t r ou t ,  b rook  t r ou t ,  and
bul l  trout were present in Red River sections in 1985 at low densit ies
(Table 29). Mountain whitefish were abundant throughout Red River.

Phys ica l  hab i ta t . Physical habitat data for Reach IV is summarized
in Torquemada and Platts (19841, Petrosky and Holubetz (1985,
Appendix C), and Appendix C.

Future Evaluation and Recommendations

Fu tu re  p ro jec t e v a l u a t i o n  f o r  m i t i g a t i o n  p u r p o s e s  r e q u i r e s  a n
es t ima te  o f t he  d i f f e rence in rearing potential between control
sec t i ons and sections treated with s t r u c t u r e s and r i p a r i a n
revegetat ion. Sample size can be adjusted as necessary posttreatment
( a s  i n  t h e  L o l o  C r e e k  p r o j e c t ) . Side channel developments should
probably be evaluated as habitat additions with the increment of
anadromous fish reared in this habitat considered the basis for
mi t iga t ion. If this increment appears large and plans exist elsewhere
for extensive side channel developments, a mere intensive evaluation of
this subproject may be warranted. Such investigation could be operated
from the intensive study location at Crooked River.

SALMON RIVER

Panther Creek

Panther  Creek,  69 km long, e n t e r s  t h e  S a l m o n  R i v e r  a t  r i v e r
kilometer 327 near Shoup (Fig. 14). Panther  Creek I ies  wi th in  the
Salmon Nat ional Fo res t and d r a i n s  a w a t e r s h e d  o f a bout
138,000 hectares. The watershed ranges in elevation from 1,000 to
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Table 29. Density (number/100m2) by age-group of cutthroat trout, brook trout, bull trout,
whitefish, and hatchery rainbow trout (catchable-size) in Red River sections,
July 16-19, 1985.

Reach II
Control 1 0 0.2 0 0 0 0 0.7 1.0 0
Treatment 1 1 0 0 0.1 0 0.1 0.5 0.9 0
Treatment 2 0 0 0 0.3 0 0 0.1 1.3 0

Reach IV
Control 1 0 0.2 0 0 0 + 15.3 1.7 0
Control 2 0 0.1 0 0 0 0 0.5 1.7 0
Treatment 1 0 0 0 + 0 + 1.7 2.1 0
Treatment 2 I 0.2 0 0 0 0 1.5 2.3 0

Reach V
Control 2 0 0 0 0 0 0.2 3.9 4.3 0
Treatment 2 1 0 0 0 0 0 0.9 2.3 0.1. .
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Figure 14. Location of Blackbird Mine, reaches of Panther Creek receiving
effluent, and monitoring sections established in the Panther
Creek drainage.
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3,000 m and contains nearly 160 km of rearing streams. Cobalt and
copper ore have been mined at Blackbird Mine near Cobalt. Access to
rearing habitat has been blocked by effluent from the mining area which
has entered Panther Creek via Blackbird Creek and Big Deer Creek since
at least the early 1950s.

Panther Creek supported substantial runs of steelhead and chinook
before being damaged by pollution from mining. As  many  as
2,000 ch inook may have spawned in  the dra inage h is tor ica l ly  (Cor ley
1967). The last known spawning by chinook in Panther Creek occurred in
1962. However, an IDFG conservation off icer observed a pair of adult
chinook holding below Beaver Creek Bridge in 1983 (M. Reingold, IDFG,
Salmon, Idaho, personal communication). Since 1979, IDFG has released
adult spawner steelhead and steel head fry into Panther Creek upstream
of Blackbird Creek confluence. Chinook fingerlings had been stocked in
the Panther Creek drainage in the late 1970s.

In 1967, IDFG personnel electrofished four sections in Panther
Creek between Prophyry Creek and Napias Creek and one sect ion in
Blackbird Creek (Corley 1967). Rainbow-steel head dominated the fish
popula t ions fo I lwed by whi te f ish, brook trout, dace, and sculpin. No
fish were found in Blackbird Creek or Panther Creek just downstream
from Blackbird Creek confluence. Mallet (1974) also reported cutthroat
trout, bull trout, and chinook in the drainage.

Effluents from the mining area have Iong affected fish populations
in Panther Creek. These e f f luents  resu l ted in  ac id ic  waters  h igh in
sediment and the heavy metals copper, cobalt ,  i ron, manganese, lead,
and zinc (Platts et al. 1979). Significant fish kills occurred in 1954
when acid was released from Blackbird Mine (Corley 19671, Between 1954
and 1967, numerous reports exist of black sediment deposition. Corley
found no invertebrates in five benthos samples from Panther Creek just
downstream from Blackbi rd  Creek; i n  1 9 6 7  f i e l d  e x p e r i m e n t s ,  b o t h
cutthroat trout eyed eggs and juveni le rainbow trout suffered increased
shor t - term mor ta l i ty  downst ream from Blackbird Creek compared to
upstream Iocations.

Live-box tests conducted by IDFG in 1977 with juvenile steel head
and in  1984 wi th  juveni le  ch inook ind icated acute tox ic i ty  e f fec ts  in
Panther  Creek be low Blackbi rd  and Big Deer  Creek ef f luent  sources
(M. Reingold, IDFG, personal communication). Further bioassays
conducted in October 1985 by EPA also indicated acute toxicity of the
effluent to juvenile steel head and chinook (D. McDonough, EPA, personal
communication), Reiser (1986) provided a comprehensive summary of
historic conditions, mining operations, and f ie ld  s tud ies  which re la te
the effects of effluents to aquatic invertebrates and fish.

Object ives of the Panther Creek Habitat Enhancement project are:
(1) develop a means to eliminate or control toxic discharges into
Panther Creek, (2) restore anadromous f ish populat ions in the Panther
Creek drainage, and (3) increase natural production of steelhead and
salmon consistent with IDFG (1985) anadromous Fish Management Plan for
Subbasin SA-6.
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Anadromous Fish Management Considerations

Idaho’s Anadromous Fish Management Plan calls for rehabilitation of
the mine pollution problem and restoration of the anadromous fish runs
by 1990, Panther Creek is a large drainage, approximately 160 km of
stream, and Iocated in an especially-attractive area for both steelhead
and chinook salmon fisheries.

Large numbers of juvenile steelhead have been stocked in the
drainage in recent years. Only  one s ign i f icant  s tock ing of  ch inook
salmon has occurred, and that was 46,300 fingerlings in 1977. Stocking
of steel head will continue in the future, and chinook salmon will be
stocked when there is some assurance that the mining pollution problem
wi l l  be res tored.

At present, juvenile steelhead are moderately abundant and juvenile
chinook salmon are extremely rare in Panther Creek.

1984-1985 Feasibi l i ty of Habitat Rehabil i tat ion

A BPA cont ract  was awarded to  Bechte l  Nat iona l  Incorporated in
1984 to develop feasible alternatives to controlling toxic discharges
f r o m  t h e  B l a c k b i r d  M i n e  a r e a . Spec i f ic  phases o f  t h e  c o n t r a c t
I n c l u d e d : ( 1 )  d a t a a c q u i s i t i o n and r e v i e w , ( 2 ) mine
rec lama t i on /e f f l uen t  aba temen t  a l t e rna t i ves ,  and  (3 )  f i she ry  hab i t a t
surveys.

Two major a l t e rna t i ve abatement measures w e r e  i d e n t i f i e d  i n
Phase II  (Reiser 1986). Alternative I involved treating poor quality
water in the mine area. Alternative II relied on passive measures to
improve water quality.

Phase III consisted of detailed habitat surveys of the drainage and
estimates of potential production of steelhead and chinook smolts and
adults following control of toxic discharges. Economic analyses
indicated in general that costs of the proposed abatement programs were
of  the same re la t ive  magni tude as economic  benef i ts  that  would  be
realized through restoration of anadromous fish runs (Reiser 1986).

Project Evaluation

Evaluation status. Final evaluations for mitigation purposes of a
pollution abatement program in the Panther Creek drainage can be based
on the est imated s tand ing crops o f  anadromous f ish  a t  fu l l  seed ing.
Because the toxic conditions eliminated anadromous runs (Reiser 1986),
abatement measures can  be  g i ven f u l l  c r e d i t  f o r  a n a d r o m o u s  f i s h
established in the drainage analogous to the removal of a complete
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passage barr ier. G e n e r a l  m o n i t o r i n g  o f  f i s h  d e n s i t i e s  i n  a  s m a l l
number of sections will be conducted annually to follow trends in
seeding levels during the recovery.

In  con junct ion wi th  the p lanned leve l  o f  f ish  dens i ty  moni tor ing,
Reiser (1986) recommended a program o f  w a t e r  q u a l i t y  m o n i t o r i n g ,
assessment of adult  escapement, smolt outmigrat ion, continued I ive-box
testing, fish tissue analysis, and invertebrate sampling.

The IDFG evaluation of the Panther Creek project began in 1984 as a
pretreatment survey of fish distributions and densities in the
drainage. The IDFG established and sampled ten sections in Panther
Creek  and  f i ve  sec t i ons  l n  t r i bu ta r i es  (F ig .  14 ) . We documented in
1984 a genera l p a t t e r n  o f r educed  dens i t i es  o f  sa lmon ids  be low
Blackbird Creek, total absence of fish below Big Deer Creek, and a
pa r t i a l recovery of fish populations downstream of Clear Creek
(Petrosky and Holubetz 1985). Outside the influence of Blackbird Mine
e f f l uen t s , rainbow-steel head densities were comparable to those in
other  Salmon River  t r ibutar ies  in  1984;  ch inook were v i r tua l ly  absent
from the drainage.

The IDFG sampling in 1985 consisted of monitoring fish densities on
August 28 in four of the established sections (Table 30), One section
each was selected in reaches upstream of Blackbird Creek between
Blackbi rd  and Big Deer c reeks  and  B ig  Dee r  and  C lea r  c reeks  and
downstream of Clear Creek.

j uven i l e rainbow-steelhead. Densities of rainbow-steel head parr
were s imi lar  in  1984 and 1985 (Table  31,  Appendix  A-6) . The same
pattern of reduced densities In effluent-receiving water was observed
both years. The only section sampled in 1985 that did not receive mine
eff luent supported
( 6 . 4 / 1 0 0 m 2 ) .

a moderately high density of rainbow-steelhead parr
Small numbers of residualized steelhead smolts were

observed in lower Panther Creek in 1985.

Juveni le chinook. Chinook have not been reestablished in Panther
Creek drainage through 1985 (Table 31, Appendix A-6).

Resident salmonids. Cu t t h roa t  t r ou t ,  bu l l  t r ou t ,  b rook  t r ou t ,  and
mountain whitefish were observed in the Panther Creek drainage in 1985
(Table 32). Resident salmonids were rare in sections of Panther Creek
that received effluent.

Physical habitat. Except for water qual i ty problems from eff luents
f rom the  B lackb i rd  M ine , a q u a t i c  h a b i t a t  i n  t h e  d r a i n a g e  i s  i n
basically good condition. To est imate potent1 al smolt production,
Re i se r  e t  a l . (1986) quantitatively surveyed the drainage using the
Instream Flow Incremental Methodology (IFIM, Bovee 1982; Milhouse,
e t  a l .  1984) . The IFIM data does not mesh directly into the physical
habi ta t  data set  be ing generated through IDFG genera l  moni tor ing in
other project areas.
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.

A Moyer Creek
M01 1.2 2.0 3.4 1.0 0 0 0

Penther Creek
PC6 0.5 0.4 0.5 0.1 0 0 0

Panther Creek
0 + 0 0 0 0 0.1

Penther Creek
PC1 0.2     0.1     0.4     0.2      0 0 0.4-  -
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A Moyer Creek
M01 0 0 2.4 0 0.1 0 0 0

Panther Creek
PC6 0.1 0 0.2 0 0 0 0.6 0

Panther Creek
0 0 0 0 0 0  0 0 .1

B1,B2 Panther Creak
PC1 0 0 0 0 0 0 0 0.8

a A = above mine effluent; B = below Blackbird Creek; A2 = above Big Deer Creek; 82 = below
Big Deer Creek.
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Future Evaluation and Recommendations

Future p r o j e c t eva lua t i on for mitigation should require
documentation of improved water qual i ty condit ions and standing crop
estimates for juveni le rainbow-steel head and chinook at ful l  seeding.
Except for the complexit ies of pol lut ion abatement, the evaluation wi l l
be analogous to that of a complete barrier removal.

Unbiased estimates of standing crops can be calculated from
densities in stream sections with application of either a stratified
random o r  sys tema t i c  s t r a t i f i ed  samp l i ng  des ign  (Schea f f e r  e t  a l .
1979). Major  d iv is ions in  s t ra ta  for  Panther  Creek should  be at  the
confluences of Clear Creek, Big Deer Creek, and Blackbird Creek.
General monitoring of densit ies, reestablishment of a chinook spawning
ground survey, and water quality monitoring should be used to document
impraved water qual i ty and passage condit ions and define ful l-seeding
densit ies.

Any water quality monitoring program established in conjunction
with this potential BPA project should be designed with special
consideration given to the timing of upstream and downstream migrations
of steel head and chinook. P h y s i c a l  h a b i t a t  d a t a  i n  g e n e r a l  f i s h
density monitoring sections should be collected to complement IDFG data
in other streams.

Lemhi River

The Lemhi River Is 951 km Iong and enters the Salmon River at river
kilometer 1,240 at Salmon (Fig. 15). The Lemhi River flows through a
high, al luvial f lood plain between the Beaverhead and Lemhi Mountain
Ranges. Water fert i l i ty in the main stem Lemhi River is higher than in
most  o ther  anadromous product ion s t reams in  Idaho ( to ta l  d isso lved
so l ids , near ly  300 par ts  per  mi l l ion;  B jornn 1978) . Water diversions
t o  f l o o d  i r r i g a t e  a g r i c u l t u r a l lands create occasional passage blocks
f o r  m i g r a t i o n adult salmon and steel head primarily i n  t h e  l o w e r
14 km of river. Juvenile steelhead and chinook also can be delayed on
downstream migrations during April and May when the irrigation season
begins and before spring runoff.

H i s t o r i c a l l y , summer steelhead, spring chinook, and possibly summer
chinook spawned and reared in the Lemhi River and tr ibutaries (Bjornn
1966). Construction in 1897 of a 2-m high diversion dam near the mouth
o f  t h e  L e m h i  R i v e r  a n d  u p s t r e a m  i r r i g a t i o n  d i v e r s i o n s  v i r t u a l l y
eliminated steelhead and summer chinook; spr ing ch inook were ab le  to
en te r  t he  r i ve r  du r i ng  sp r i ng  runo f f . The dam was breached in the
1920s. Major irr igation diversions were screened beginning in the late
1950s. Programs to reestablish steel head runs in the Lemhi River have
been underway since 1962 with operation of an incubation channel
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Figure 15. Location of major passage blocks at L5-L7 diversions and
monitoring sections established in the Lemhi River drainage.
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(1962-1967) and fry releases (1968-1974 and 1981-1985). Most  o f  the
Lemhi River drainage remains severely under-seeded by steelhead and
spring chinook.

Resident salmonids in the Lemhi River drainage include resident
ra i nbow  t r ou t ,  b rook  t r ou t ,  cu t t h roa t  t r ou t ,  bu l l  t r ou t ,  and  moun ta in
whitefish (Bjornn 1978; Horner 1978).

Dewatering of the Lemhi River occurs as a result  of variable and
complex interactions of the subbasin's hydrology, geology, and water
use. I r r igat ion water  Is  d iver ted in  more than 60 d i f ferent  locat ion
in the drainage (Ott 1985). During certain periods, appropriated water
r ights of i rr igators exceed avai lable stream f lows in the Lemhi River.
C o m p l e t e  d e w a t e r i n g  o c c u r s  a t  t i m e s ,  e s p e c i a l l y  i n  s p r i n g  b e f o r e
snowmelt and in late summer.

Objec t ives  o f the Lemhi  River  Habi ta t  Enhancement  pro jec t  are :
(1) develop feasible means of solving passage problems for adult and
juvenile anadromous fish, (2) restore anadromous fish runs in the Lemhi
River, and (3)  increase natura l  product ion o f  sa lmon and s tee l  head
consistent with IDFG (1985) Anadromous Fish Management Plan for
Subbasin SA-7.

Anadromous Fish Management Considerations

Management plans for the Lemhi River involve some outplanting of
hatchery  f ish  and ut i l i za t ion o f  the very  product ive,  natura l  hab i ta t .
Recent trends indicate that the natural production is increasing. The
redd counts in 1985 showed a substantial increase in chinook salmon
spawning escapement over the previous 5-year average.

The Lemhi River has been regularly stocked with chinook salmon and
steelhead juveniles over the last 20 years.

If the flow problem can be resolved, an excellent sport fishery for
salmon could be sustained in the Lemhi River.

1985 Feasibility Study for Habitat Improvement

A BPA contract was awarded to Ott Water Engineers Incorporated In 1985
to develop feasible alternatives to solve passage problems in the Lemhi
River drainage. Specif ic phases of the project included: (1) problem
d e f i n i t i o n , literature search, hydrologic analysis, and stream
habitat survey; (2) development of enhancement alternatives; and
(3) Benefit:Cost (B:C) analysis.
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Nine enhancement alternatives were identi f ied. These were flow
concentrat ion, f i s h screen improvement, groundwater augmentation,
groundwater i r r i g a t i o n , water withdrawal reduction, r e t u r n  f l o w
improvemen t ,  sp r i nk l e r  i r r i ga t i on , s t o r a g e ,  a n d  t r a p  a n d  h a u l  ( O t t
1986). The alternatives were narrowed into four feasible options which
were combinat ions o f  f low concent ra t ions through use o f  d ivers ions,
channelization and levees, and river flow augmentations through use of
f l ood  i r r i ga t i on  imp rovemen t  o r  sp r i nk le r  i r r i ga t i on . The  feas ib i l i t y
phase also identified some potentially serious passage problems for
steel head and chinook smolts during downstream migrations.

Benefit:Cost analyses performed in Phase Ill indicated low B:C
ratios for any project (Ott 1986) part ly because of: (1)  h igh cap i ta l
costs, (2) the estimated slow process of rebuilding the runs, and
(3)  es t imates o f  passage de lays and h igh mor ta l i ty  o f  smol ts  which
were factored into the projections. T h e  r e p o r t  r e c o g n i z e d  t h a t
fundamentally d i f f e r e n t  a n a l y s e s  c o u l d  s h o w  m o r e  a t t r a c t i v e  B : C
ra t i os . The Fish and Wildlife program does not require positive B:C
rat ios for project implementat ion.

Project Evaluation

Evaluation status. F ina l  eva luat ions for  mi t igat ion purposes o f  a
passage improvement program on the Lemhi River can be based on
est imated s tand ing crops a t  fu l l  seed ing and on a  prev ious in tens ive
study that developed relationships between steelhead and chinook
spawning escapements and migrant yields in  t he  uppe r  Lemh i  R i ve r
(B jornn 1978) . Because cur rent  cond i t ions a l low some passage,  a
fraction of standing crops should be apportioned for the record of
c red i t . This fract ion should be developed based on the severity and
f requency  o f  t he  passage b locks  be fo re  and  a f t e r  imp lemen ta t i on .
General monitor ing of f ish densit ies in a small  number of sect ions wi l l
be conducted annually pending project implementation and to help define
full-seeding levels.

The IDFG evaluation of the Lemhi River project began in 1985
as a pretreatment survey of fish distributions and densities in the
u p p e r  L e m h i  R i v e r  a n d  i t s  m a j o r  t r i b u t a r y , Hayden Creek; IDFG
established and sampled 12 sections in the drainage June 25-27, 1985
(F ig .  15,  Table  33) . An  add i t i ona l  s i t e  was  samp led  qua l i t a t i ve l y
below the L5 diversion, the v ic in i ty  o f  major  passage b locks. Fish
dens i t ies i n  ma in  s tem Lemh i  R i ve r  sec t i ons  we re  de te rm ined  by
electrofishing (two-pass depletion estimates; Seber and LeCren 1967).
Densit ies in Hayden Creek were estimated by snorkel ing. We repeated
the sampling in two Bear Valley Creek sections on August 18.

Juvenile rainbow-steelhead. Densit ies of rainbow-steelhead in the
L e m h i  R i v e r  d r a i n a g e  v a r i e d  c o n s i d e r a b l y  b y  l o c a t i o n  i n  1 9 8 5
(Table 34). Densi t ies  o f  year l ings in  the upper  Lemhi  River  and Big
Springs Creek where steelhead fry have been stocked
41 f ish/100 m2 , h i g h e r  t h a n  i n  a n y

r a n g e d  t o
Idaho stream surveyed i n  1 9 8 5

(Appendix A-7). Rainbow-steelhead densities were low In the Hayden
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Table 33. Sections sampled in the Lemhi River drainage, June 25-27, 1985.

Big Springs Cr.-L1

Aa 8.6 847
Ba 7.3 832

Lemhi R.-L2
A
B

6.9 620
8.1 892

Lemhi R.-L3
A
B

10.1 765
10.1 992

Hayden Cr.-H1
Ab

Bb
6.8 683
6.8 704

Hayden Cr.-H2
B 0

5.5 495
8.9 757

Hayden Cr.-H3
A
B

8.4 775
8.4 782
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Table 34. Density (number /100m 2 )  by age-group of  ra inbow-stee lhead and
chinook in the Lemhi River drainage, June 25-27, 1985.

Big Springs Cr.-L1
A
B

Lemhi R.-L2
A
B

Lemhi R.-L3
A
B

H a y d e n  C r . - H 1
Ab

Bb

Hayden Cr.-H2
Ab

B

Hayden Cr.-H3
A
B

7.3 41.2 3.0 0.4 0.5
52.6 13.2 2.3 0.2 0.4

3.9 35.2 2.4 0.6 7.6
0.1 16.8 1.6 1.6 1.4

5.9 12.7
0 1.2

0
0

0
0

0
0

0
0

0.2
0

0
0.1

2.2
1.6

.

0.3
0

0.4
0

0.3
0.3

1.0
0.9

0
1.0

0
0

0.3
0.1

1.7
0.5

0
0

0
14.4

1.0
7.3

0
0

1.1
0.3

0
0

0
0

0
0

0
0

a Sampled prior to major period of emergence for natural rainbow-steelhead.
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Creek and Bear Valley Creek sections (Tables 34 and 35). We observed
no  ra i nbow-s tee lhead  i n  a  qua l i t a t i ve  e l ec t ro f i sh ing  samp le  i n  t he
lower river near the L5 diversion.

Juveni le chinook. The dra inage was severe ly  under-seeded by
chinook in  1985 (Table 34,  Appendix  A-7) . No age 0 chinook were
observed in the prime spawning and rearing habitat of Bear Valley Creek
in  e i ther  la te  June or  August  (Table  35) . No chinook were observed
near the L5 diversion in late June.

Resident salmonids. Resident salmonid populations vary by location
in the Lemhi River drainage. Resident rainbow trout comprise the major
p o r t i o n  o f rainbow-steel head in the upper Lemhi  when s tee lhead
escapements are low (Bjornn 1978; Horner 1978; and Petrosky 1984). The
u p p e r  L e m h i  R i v e r  a n d  B i g  S p r i n g s  C r e e k  s u p p o r t  b r o o k  t r o u t
(Table 36). Hayden  Creek  and  Bear  Va l l ey  Creek  suppor t  s i zab le
popula t ions o f  bu l l  t rout . Bull trout begin to move into the meadow of
Bear Valley Creek (Sections 1A and 18) in late summer prior to spawning
(Table 35). Whi te f ish  are  d is t r ibu ted throughout  most  o f  the Lemhi
River drainage.

Phys ica l  hab i ta t . Physical habitat data for Lemhi River drainage
sections was not collected in 1985. H a b i t a t  c l a s s i f i c a t i o n  o f  t h e
drainage was accomplished in 1985 as part of the feasibility and
inventory phase (Ott 1986). The 1985 habitat classification system
used in the Lemhi River does not mesh directly into the data base being
generated through IDFG general monitoring in other project areas.

Future Evaluation and Recommendations

Evaluation of any future BPA project to improve f lows for passage
w i l l  r e q u i r e  e s t i m a t e s  o f standing crops at full seeding and
d e v e l o p m e n t  o f  a f a c t o r  t o  a c c o u n t  f o r  p r e t r e a t m e n t  p a s s a g e
condit ions. Estimated smolt yields for any Lemhi River project should
be based on the s tand ing crop est imates and the ex is t ing in tens ive
study for the Lemhi River (Bjornn 1978).

East Fork Salmon River

The East Fork Salmon River, 51 km long, enters the Salmon River at
river kilometer 540 (Fig. 16). The East Fork system is a major
t r i bu ta ry  t o  t he  uppe r  Sa lmon  R ive r  and  con ta ins  abou t  150  km o f
spawning and rearing habitat for anadromous fish. Habitat problems in
the dra inage are re la ted pr imar i ly  to  agr icu l tura l  pract ices on pr ivate
I and in the lower East Fork and Herd Creek. Habi ta t  in  much of  the
upper drainage is very high quality.
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Table 35. Density (number/100m2) by sampling date in two sections of Bear
Valley Creek, Lemhi River drainage, 1985.
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Big Springs Cr.-L1
A
B

Lemhi R.-L2
A
B

Lemhi R.-L3
A
B

Hayden Cr.-H1
A
B

Hayden Cr.-H2
A
B

Hayden Cr.-H3
A
B

0
0

0
0

0
0

0
0.1

3.2 0 1.6       0
0.3 0.1 1.3       0

0
0

0
0

0
0

0
0

0.1
0.1

0
0

0 2.1
0 0

0 1.1
0 0

0 0
0 0

0.1        0
2.6        0

0.5 0
0 0

0.5
0.5

0.6 0 2.7
0 0 23.5

0.1
0

0
0

0
0

0
0

0
0.1

0.1
1.4

0
0

0
0

0
0

0.2
l 3.2

0
14.3

0
0

0
0.5

0.4
0.5
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Figure 16. Location of IDFG monitoring sections established in the East
Fork Salmon River drainage.
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The East Fork Salmon River is a major producer of anadromous fish
in  the upper  Salmon River . Summer steelhead, spring chinook, and
summer chinook utilize the drainage for spawning and rearing. A weir
to capture adult steelhead and salmon was constructed on the East Fork
for Lower Snake River Compensation Plan programs.

Nonanadromous salmonids reported in the East Fork drainage include
rainbow trout, c u t t h r o a t  t r o u t , b u l l  t r o u t , and mountain whitef ish
(Mallet 1974).

The East  Fork Salmon River  and t r ibutary  Herd Creek have been
degraded by agricultural practices on private land. Habitat problems,
including stream bank Instability and reduced riparian vegetation, are
being defined through a BPA contract with the Shoshone-Bannock Tribe.

Object ives o f  t he  Eas t  Fo rk  Sa lmon  R i ve r  Hab i t a t  Enhancemen t
p ro jec t  a re : ( 1 )  d e f i n e  a n d  t r e a t  r i p a r i a n  a n d  a q u a t i c  h a b i t a t
problems which po ten t i a l l y l im i t  anad romous  f i sh  p roduc t i on , and
(2) increase natural production of steel head and salmon consistent W ith
IDFG (1985) Anadromous Fish Management Plan for Subbasin SA-9.

Anadromous Fish Management Considerations

A  we i r , a d u l t  t r a p , and smolt acclimation facility have been
constructed above the mouth of Big Boulder Creek and wil l  serve as a
satellite facility for the Sawtooth Hatchery. In 1984 and 198.5, the
major i ty  o f  spawners re turn ing to  th is  area has been used for  brood
stock for the Sawtooth Hatchery and the Magic Valley Hatchery. This
s i tuat ion has resu l ted in  the upper  por t ions o f  the East  Fork  Salmon
River being severely under-seeded,

As adu l t  re turn  f rom smol t  re leases,  spawning escapements  and
resultant seeding of the high qual i ty natural production habitat in the
upper East Fork should increase dramatically.

The East Fork is an important fishing area, as well as an important
production area. Habi ta t  enhancement  in  the lower  reaches should
increase adult holding capabil i ty and juvenile rearing capabil i ty.

Trends for chinook salmon spawning escapement ln the last several
years  have improved s l ight ly  but  are far  be low the leve ls  requi red to
fu l l y  seed  the  hab i t a t . Group B steelhead have been stocked in the
East Fork and steel head spawning escapements are increasing.

1985 Problem Identification

Habitat problems and project feasibility are being defined through
a BPA contract by the Shoshone-Bannock Tribe.
projects have been implemented.

Through 1985, no BPA
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Project Evaluation

Evaluation status. Eva lua t i ons  f o r  m i t i ga t i on  pu rposes  o f  any
habitat improvement project in the East Fork drainage should be based
on measured changes in physical hab i ta t  and est imated increases in
s tand ing crops a t  fu l l  seed ing. Until implementation of a BPA-funded
hab i t a t  p ro j ec t , IDFG wi l I  conduct  annual  genera l  moni tor ing of  f ish
densities in a small number of sections to follow trends In seeding
leve ls .

The IDFG evaluation of any East Fork Salmon River project began in
1985 as a  pre t reatment  survey o f  f ish  d is t r ibut ions and dens i  t ies  in
the dra inage (exclusive of Herd Creek). The IDFG sampled eight
sect ions dur ing August  26-29,  1985,  three sect ions above the wei r ,
one in the tributary Big Boulder Creek, and four below the weir
(Table 37). The Shoshone-Bannock Tribe also began fish density surveys
in 1985 in conjunction with the problem identification phase.

J u v e n i l e r a i n b o w - s t e e l h e a d . D e n s i t i e s o f j u v e n i l e
ra inbow-stee lhead in  1985 were h igher be low  the  we i r  t han  above
(Table 38, Appendix A-8). Residualized steelhead smolts were locally
abundant below the weir.

Juveni le chinook. The East Fork Salmon River was under-seeded by
chinook in 1985. Densi t ies  o f  juveni le  ch inook were h igh ly  var iab le
(Table 38, Appendix A-8); no juvenile chinook were observed upstream of
the weir.

Resident salmonids. C u t t h r o a t  t r o u t ,  b u l l  t r o u t ,  m o u n t a i n
whi te f ish , and catchable-size hatchery rainbow trout were observed in
the drainage In 1985 (Table 39).

Future Evaluation and Recommendations

Specif ic evaluation approaches to BPA habitat projects in the East
Fo rk  d ra inage should be formulated during the development of
implementation plans.

Upper Salmon River

The Salmon River ,  660 km long,  has i ts  source in  the Sawtooth
Mountains within the Idaho Bathol i th, a  reg ion  w i th  h igh l y  e rod ib le
so i l s . The upper  r iver  above Stan ley (F ig .  17)  l ies  pr imar i ly  wi th in
the Sawtooth Nat iona l  Recreat ion Area which was created in  1972 to
assu re  t he " p r e s e r v a t i o n  a n d  p r o t e c t i o n  o f  t h e  n a t u r a l ,  s c e n i c ,
h i s t o r i c ,  p a s t o r a l , and fish and wildlife values." The upper  r iver
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Table 37. Sections sampled by IDFG in the East Fork of the Salmon River,
August 26-29, 1985. Fish densit ies were also determined in Herd
Creek and the East Fork in 1985 by the Shoshone-Bannock Tribe.

Above weir
1
2
3

Below weir
4a
5
6

Below Herd Creek
7
8

1.5 7.6 758 0 0 100
2.0 15.7 1573 50.0 50.0 0
1.4 13.7 1372 33.3 66.7 0

5.2 5.2 522 0 0 100
1.1 13.9 1387 61.1 38.9 0
1.0 13.5 1348 83.3 16.7 0

1.0 18.3 1826 73.3 26.7 0
0.8 11.9 1190 80.0 20.0 0

a Big Boulder Creek.
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Table 38. Density (number/100m2) by age-group of rainbow-steel head and
chinook in the East Fork Salmon River, August 26-29, 1985.

Above weir
1
2
3

0 0.1 0.1 0.3 0 0 0
0.3 0.1 0.1 0 0 0 0
0 0 0 0 0 0 0

Below weir
4
5
6

0.4 0.4 0.2 0.4 0 0 0
0.4 0.6 0.6 0.1 6.0 0.7 3.7
0.8 0.9 0.9 0.1 4.4 0 0.4

Below Herd Creek
7 0.3 0.1 0.1 0.1 0 . 4 ' 0 0.2
8 4.1 4.4 1.5 0.2 21.0 0 0

a Residualized steel head f ran 1985 smolt release.
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Table 39. Density (number/100m2) by age-group of cutthroat trout, bull
trout, brook trout, whitefish, and hatchery rainbow trout
(catchable-size) in East Fork Salmon River, August 26-29, 1985.

Above weir
1
2
3

0 0 0 0 0 0 0.4 0
0 0 0.1 0 0 0 0.4 0.1
0 0 0 0 0 0 0.8 0.1

Below weir
4
5
6

0.4 0 0 0 0 0 0 1.1
0 0 0.4 0 0 0.1 1.7 0
0 0 0.1 0 0 0 2.2 0

Below Herd Creek
7 0.1 0 0.3 0 0 0.4 3.4 0
8 0 0 0.1 0 0 0.2 3.1 0
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A

Figure 17. Location of passage blocks (arrows) at i rr igat ion diversions
in the upper Salmon River basin, and reaches established in
1985 to define habitat problems.
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f laws through a re la t ive ly  f la t  bas in . FIow d ivers ions for  i r r igat ion
restrict anadromous fish use to parts of the basin, and grazing in
riparian zones has degraded aquatic habitat.

The upper Salmon River system is a major production area for spring
chinook salmon. The upper basin also produces summer steelhead. A
remnant run of sockeye salmon returns to Redfish Lake. Anadromous fish
runs to the upper Salmon River were reduced in the early 1900s by
construction of Sunbean Dan downstream from Stanley. The dam, which
was a barrier to anadromous fish at high flows, was breached in 1934.
The upper Salmon River was no t  res tocked  ex tens i ve l y  i n  t he  yea rs
immediately following the dam removal. Compensation for spring chinook
in the Salmon River drainage led to recent construction of the Sawtooth
Hatchery near Stanley under the Lower Snake River Compensation PI an. A
brood stock development program involving trapping of adults and
release of smolts has been in operation since 1981 (Partridge 1984).

Native resident salmonids in the upper Salmon River drainage are
ra inbow t rout , c u t t h r o a t  t r o u t , b u l l  t r o u t , and mountain whitef ish
(Mallet 1974). Nonnative brook trout have also become established.

An irrigation diversion on the Salmon River between the confluences
of Alturas Lake Creek and Pole Creek dewaters the stream for about
one-quarter mile during late summer In dry years. Passage for adult
chinook is restricted during these years, a n d  r e a r i n g  h a b i t a t  i s
reduced for juveni le steelhead and chinook. A ladder was constructed
on the d ivers ion s t ruc ture  in  1981. Informal arrangements had been
made with a private caretaker to check the ladder and open i t  i f  adult
chinook were beginning to concentrate in the dewatered area
(M. Reingold, IDFG, Salmon, Idaho, personal communication).

The USFS is currently working on feasible solutions to passage
res t r i c t i ons  f o r  adu l t  ch inook  a t  t he  i r r i ga t i on  d i ve rs i on  us ing  BPA
funds. Two possible alternatives are to purchase enough of the water
r ight  to  assure passage dur ing a l l  years  and/or  const ruct  a  f ishway
channel to pass fish around the dewatered stream reach.

Def in i t ion o f  o ther  aquat ic  and r ipar ian degradat ion prob lems in
the drainage, as well as in the Valley Creek, Marsh Creek, and Bear
Valley Creek drainages, was Initiated In 1985 through a BPA-funded
inventory conducted by OEA Research Incorporated. The IDFG conducted
the  assoc ia ted  f i sh  dens i t y  su rveys in  the Salmon River  dra inage.
Treatment recommendations for Initiation of BPA projects will be
developed based on the inventory data.

Object ives of the upper Salmon River BPA projects are (1) secure
passage for  anadromous f ish  a t  the water  d ivers ion;  (2)  i f  poss ib le ,
improve instream f lows downstream from the diversion; (3) def ine and
t rea t  r i pa r i an  and  aqua t i c  hab i t a t  p rob lems  wh i ch  po ten t i a l l y  l im i t
anadromous f ish production; and (4) increase natural production of
anadromous fish in the upper Salmon River consistent with IDFG (1985)
Anadromous Fish Management Plan for Subbasin SA-11 l
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Anadromous Fish Management Considerations

The upper  reaches of  the Salmon River  conta in  un ique and very
high-quality natural production habitat. When the degradation problems
assoc ia ted wi th  i r r igat ion and cat t le  graz ing are reso lved,  th is  la rge
production area will be one of the most important areas in the Columbia
River basin.

The Sawtooth Hatchery will accelerate the recovery of summer
steelhead and spring chinook runs returning to the Stanley basin area.
Steelhead runs are already responding to hatchery supplementation with
spring chinook expected to greatly increase In the next two to three
years. Surplus spawners, fry, and  f i nge r l i ngs  w i l l  be  re l eased  i n to
the natural habitats of the upper Salmon River. This area has been
c h o s e n  a s  a n intensive study s i t e  t o  d o c u m e n t  i n  d e t a i l  t h e
re l a t i onsh ip  o f  pa r r  p roduc t i on  t o  sme l t  p roduc t i on ,  hab i t a t  f ac to r s
that limit natural production, parr densities that represent full
ut i l izat ion of the production capabil i ty, spawning escapements required
to achieve full seeding, and the best means to integrate hatchery and
natural production.

1984-1985 Passage Improvement Project

Ef for ts  to  secure a  so lu t ion to  the i r r igat ion dewater ing prob lem
have been underway since 1984 involving negotiations between a private
landowner, USFS, and BPA. Proposed technical solut ions to dewatering
inc lude water  r ight  purchases and ins ta l la t ion o f  spr ink ler  i r r igat ion
t o  r e p l a c e  t h e  e x i s t i n g  p r a c t i c e  o f  f l o o d  i r r i g a t i o n . In 1985,
emphasis of the project was focused on quanti f icat ion, valuat ion, and
purchase of water r ights that wi l l  meet instream f low requirements of
the salmon resources (H. Forsgren, Sawtooth National Forest, personal
communication). No project had been implemented through 1985.

1985 Habitat Problem ldenti f icat ion

An inventory to define habitat problems in the drainage,
part icularly those related to land use and sedimentat ion, was ini t iated
in 1985 by OEA Research Incorporated under a BPA contract. The
BPA-funded habitat project proposals wi l l  be formula ted fo l lowing the
report on the inventory and treatment recommendations.

Project Evaluation

Evaluation status. Three basic levels of evaluation are planned
for the upper Salmon River:
s t a n d i n g  c r o p s ;  a n d  a n

general monitor ing; evaluation based on
intensive study designed to determine

relationships between spawner escapement, standing crops, and smolt
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y ie lds. Through 1985, monitoring sections have been established and
sampled, and sampling approaches fo r  s t and ing  c rop  eva lua t i ons  f o r
passage improvements have been established. Sampling procedures for
the intensive studies will be developed during 1986.

D i f f e r e n t  e v a l u a t i o n  a p p r o a c h e s  a r e  r e q u i r e d  f o r  p a s s a g e
improvement and any fu tu re r ipar ian/aquat ic hab i ta t  improvement
projects. Passage improvements  a t  the i r r igat ion d ivers ion wi l l  be
evaluated as the removal  o f  a  par t ia l  bar r ier  to  ch inook. Standing
crops of juveni le chinook produced above the diversion factored by the
historical frequency of dewatering can be used for mit igat ion benefi ts
(Petrosky and Holubetz 1985). Evaluation of any future habitat
improvements can be based on measured phys ica l hab i ta t  changes
(improved instream flows, reduced sediment, e t c . ) and est imated
increases in standing crops of steel head and chinook at ful l  seeding.
The intensive production studies planned in the upper Salmon River wilI
p rov ide d i rec t  es t imates o f  smol t  y ie lds  based on s tand ing crops for
both evaluation approaches. Construction and operation of an upstream
a n d  d o w n s t r e a m  m i g r a n t - t r a p p i n g  f a c i l i t y  a t  t h e  d i v e r s i o n  i n
conjunction with the main faci l i ty at Sawtooth Hatchery would al low for
partitioning smolt yields from different parts of the drainage.

The IDFG evaluation of the upper Salmon River habitat projects
began in 1984 as a pretreatment assessment of the Passage Improvement
p r o j e c t  a t  t h e  i r r i g a t i o n  d i v e r s i o n . Six permanent sections were
established and sampled in  1984, four above and two below the
diversion.

Juveni le  ch inook dens i t ies  in  the upper  Salmon River  sect ions in
1984 were re la t ive ly  h igh, ranging to 97 fish/100 m2 (Petrosky and
HOlubetz 1985). Densities of juvenile rainbow-steelhead In the upper
Salmon River in 1984 were low.

Sampling effort was increased in 1985 to Include complementary fish
p o p u l a t i o n  d a t a  i n  t h e  h a b i t a t  p r o b l e m - i d e n t i f i c a t i o n  i n v e n t o r y .  A
total of 42 sect ions were sampled in the main stem Salmon River and
tributaries Smiley Creek and Beaver Creek (Table 401, and an additional
10 sections were sampled in Pole Creek. Aquatic habitat variables were
measured and f ish  dens i t ies  were determined in  the sect ions. The
e n t i r e  r i p a r i a n co r r i do r  i n  l ow-g rad ien t  r eaches  was  c l ass i f i ed  by
vegetat ive communi ty  type and s t ream bank s tab i l i ty . Results and
recommendations of the inventory phase wil l  be reported separately by
OEA Research Incorporated.

Juvenile rainbow-steelhead. The upper Salmon River continued to be
under-seeded by steelhead in 1985 (Table 41). Densities of
ra i nbow-s tee lhead  pa r r s h o w e d  a n  i n c r e a s e  f r o m  1 9 8 4 ,  h o w e v e r
(Appendix A-9).

Th is  low-grad ient  hab i ta t  may be most  impor tant  to  s tee lhead for
spawn ing  and  ea r l y  r ea r i ng  and  l ess  impo r tan t  f o r  r ea r i ng  f u l l - t e rm
smolts. We noted a general tendency for parr densities to be higher in
the higher gradient reaches.
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Salmon River
475 71.4 28.2

A 2.0 4.2 466 24.7 75.3
A 1.5 7.0 700 11.4 BB .6
A 1.0 5.4 1044 20.9 78.1
A 1.5 10.7 1087 22.6 77.4
A 0.5 8.0 890 31.3 68.7
B 0.5 6.8 660 50.1 49.9
B 1.4 10.8 1080 8.5 90.5
B 1.5 27.3 2733 5.7 94.3
B 2.0 24.3 2484 24.9 75.1
B 1.0 22.3 2232 21.8 78.2
B 2.0 25.3 2528 16.2 83.8
B 2.0 24.4 2439 25.5 74.5
B I .5 25.5 2548 22.1 77.8
B 2.0 25.8 2575 27.2 72.8
B 1 .I 23.3 2333 13.3 86.7

2.5 32.2 3223 22.3 77.7
H B,W 2.7 39.8 3876 19.0 81.0
M B,W 2.5 36.2 3619 2.0 80.0
H B,W 2.6 32.8 3275 23.5 76.5

8SB S A
8SA S A
7SB S B
7SA S B
6SB S B
6SA S B
4SB S B
4SA S B
3SB S B
3SA S B

4BRB BR B
4BRA BR B
3BRB BR B
3BRA BR B,W

H
M
M
H.

1.0
1.0
0.3
1.5
0.5
1.0
0.5
0.5
1.0
7.0

2.0
2.0
2.0
2.0

1.2
1 .3
2.1
0.5

2.1 211 48.3 50.7
3.3 333 100.0 0
4 .I 411 62.5 37.5
4.1 411 77.5 22.5
7.3 731 97.3 2.7
8.6 658 86.5 13.5
7.1 731 48.8 51.2
5.8 577 94.9 5.1
5.8 588 34.5 65.5
5.9 586 34.5 65.5

21.9 2166 33.9 66.1
36.9 3689 16.7 83.3
32.6 3257 36.1 63.8
23.7 2372 13.7 86.3

5.7 570 w .3 22.0
6.1 607 41.6 58.4
7.2 724 47.2 52.8
6.4 639 34.6 65.4
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Salmon River
10B
10Ac

9B
BAC

8Bc

BAc

7Bc

7Ac

66
6A
5B
5A
46
4A
38
3A
26
2A
1B
1A

6SB S A 1.4 0 0
6SA S A 0 0 0
7SB S B 0.5 0 0
7SA S B 5.8 1.2 0.2
6SB S B 0 0 0
6SA S B 0.1 0 0
4SB S B 7.7 1.4 0.4
4SA S B 26.9 2.8 0.2
3SB S B 3.6 5.3 1.4
3SA S B 20.6 1.0 0.9

4BRB BR B 9.8 2.2 0.9
4BRA BR B 3.0 0.3 0.1
3BRB BR B 7.2 0.9 0.9
3BRA BR B,W 25.6 5.6 2.4

Smiley Creek
28
2A
1B
1A

M A 1.5 0 0
M A 13.7 4.3 6.4
M A 5.6 4.6 0.3
M A 4.6 3.6 0.1
M A 1.0 0.5 0
M A 0 0.4 0
M B 0.2 0.2 0.6
M B 1.8 0.2 0.7
M B + 0 0
M B 0.4 0.1 0
M B 3.7 0.2 0.3
M B 2.4 0.5 0.3
M B 2.4 1.2 0.3
M B 4.0 0.4 0
M B 4.6 0.4 +
M B 2.6 0.5 0.6
M B,W 3.2 1.0 1.0
M B,W 2.8 1.9 0.7
M B,W 1.1 0.2 0
M B,W 0.1 0 0

A
A
A
A

0
0
0
0

0.3
0
0
0

0.2
0
0
0

0
0.2
0
0
0.1
0
0
0.3
0
0
0 .1
0
+
0.1
+
+
0
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
0.1
0.1

0
0
0
0

0 3.2
7.1 1.8
4.0 0

12.8 1.0
1.2 0.7
1.4 13.0

10.6 5.2
17.4 3.3
0.5 0 .I
0 0
4.6 0
4.0 0.1
9.7 0.3
6.0 0.1

23.2 03
25.0 0.2
2.2 0.4
1.2 0.1
0 .l 0
0 0

0.5
0
0
1.0
0.3
0.4

12.0
6.6

22.9
15.4

4.3
4.6
7.1

32.2

3.3
0
0.2
0

0
0
0
0
0
0
0
0.2
0
0.2

0 .1
1.2
0 .1
1.0

0.3
0
0
0.2
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2B M A 0 0 0 0 0 0
2A M A 0 0 0 0 0 0
1B M A 0 0.2 0.2 0 0 0.2
1A M A 0 0.4 0.1 0 0.3 0.1

a M = main channel ; S = side channel; BR = braided channel.

b A = above irrigation diversion; B = below diversion; W = below Sawtooth Hatchery weir.

C Sections 10A, 9A, 8B, 8A, 7B, and 7A were initially numbered in 1994 as 1, 2, 3, 4, 5, end 6,
respectively.
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Juvenile chinook. The upper Salmon River was severely under-seeded
by ch inook in  1985 (Table 41) . Spawntaking operations at Sawtooth
Hatchery have reduced natura l spawning escapements in 1982-1985.
J u v e n i l e  c h i n o o k  d e n s i t i e s  w e r e  l o w e r  i n  1 9 8 5  t h a n  i n  1 9 8 4
(Appendix A-91, re f lec t ing the decrease in  redd counts  f rom 1983 to
1984. Chinook fry from Sawtooth Hatchery have not been available yet
to reseed the upper end of the Salmon River.

Resident salmonids. Res iden t  cu t t h roa t  t r ou t ,  b rook  t r ou t ,  bu l l
t r ou t , mountain whitef ish, and catchable-size hatchery rainbow trout
were present i n  t h e  u p p e r Sa lmon  R i ve r  sec t i ons  i n  Augus t  1985
(Table 42). Brook trout were abundant primari ly in headwater areas;
cutthroat trout were rare throughout the drainage.

Phys ica l  hab i ta t . During summer 1985, the Salmon River was again
d e w a t e r e d  b e l o w  t h e  d i v e r s i o n  d u r i n g  t h e  t i m e  o f  a d u l t  c h i n o o k
migrat ion.

Detai led aquatic habitat measurements, r iparian corr idor data, and
resu l ts  o f  s imple hypothes is  tes ts  wi l I  be repor ted by OEA Research
Incorporated. In general, r ipar ian areas in  the upper  Salmon River
drainage were found to be degraded local ly by catt le grazing; instream
physical habitat was less severely sedimented than in Bear Valley Creek
and Elk Creek (Fig. 33).

Future Evaluation and Recommendations

Future pro jec t  eva luat ions for  mi t igat ion o f  the Passage pro jec t
r e q u i r e s  e s t i m a t e s  o f  s t a n d 1  n g  c r o p s  o f  j u v e n i l e  c h i n o o k  a t  f u l l
seeding in the drainage upstream of the diversion and development of
the factor to account for the frequency of passage blocks in the past.
T h e  i n t e n s i v e  s t u d y  i n  t h i s  a r e a  w i l l  p r o v i d e  t h e  d i r e c t  m e a n s  t o
estimate smolt yields based on standing crop estimates. The intensive
study must  be in tegrated c lose ly  wi th  the genera l  eva luat ions in  the
upper Salmon River and other project streams. Results of the intensive
study s h o u l d  a l s o  p r o v i d e f e e d b a c k  t o  t h e  g e n e r a l evaluat ions,
including tests of assumptions inherent to sampling designs based on
summer standing crops and measured changes in physical habitat.

Spec i f ic evaluation approaches t o  o t h e r potential BPA-funded
hab i t a t  p ro j ec t s in the drainage should be formulated during the
development of implementation plans.

Alturas Lake Creek

Alturas Lake Creek is a tributary to the upper Salmon River and
o r i g i na tes  a t  2 ,730  m  e leva t i on in the Sawtooth National Recreation
Area. From its source, the stream courses in a general northeasterly
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Salmon River
1OB
10Ac

88
BAc

8Bc

BAc

7Bc

7Ac

66
6A
5B
5Ad

46
4A
38
3A
26
2A
1B
1A

M A
M A
M A
M A
M A
M A
M B
M B
M B
M B
M B
M B
M B
M B
M B
M B
M B,W
M B,W
M B,W
M B,W

8SB S A
8SA S A
7SB S B
7SA S B
6SB S B
6SB S B
4SB S B
4SA S B
3SB S B
3SA S B

4BRB BR B
4BRA BR B
3BRB BR B
3BRA BR B,W

28
2A
1B
1A

M
M
M
M

A
A
A
A .

0
0
0
0
0
0
0
0
0
0
0
0
0
0
f
0
0.1
0
0
0

0
0
0
0
0
0
0
0
0
0

0
0
+
0

0
0
0
0

5.1 4.6
0 1.9
0 0.1
0.2 0.3
0 0
0 0
0 0.6
0 1.3
0 0.1
0 0
0 0
+ +
0 0.2
+ +
0.3 0.1
0 0
0 +
0 0
0 0
0 0

1.4
0
0
0.2
0
0

15.0
0.3
0.7
0.5

0
2.8
0
0

0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0
0
0
0.1
0
0
0

0
0
0
0

0
0
0
0

0
0
0.3
0
0
0
0
0.1
0
0
0
0
+
0
0
0
0
0
0
0

0
0
0
0
0
0
0
0
0
0

+
0
0
+

0
0
0
0

8.2 2.7
0 1.5
0.6 2.3
3.6 0.7
1.2 5.6

11.8 6.0
14.7 0
2.5 5.5
2.5 6.2
3.6 7.6
0.2 5.7
0.9 7.5
2.1 11.2
4.5 2.2

36.4 6.9
6.3 7.1
0.3 3.0
0.3 1.3
0.4 1.7
0.1 2.5

0 1.9
0 0
0 0
3.2 0.2
0 0

15.4 0
5.9 0
4.0 0
4.4 0
0 0

1.1 2.7
4.1 1.4
1.7 2.6
1.8 2.8

2.1 0
3.5 0.2
2.1 3.3
1.4 0.6

.
0
0
0
0
0
0
0
0.1
0
0
0
0
0
0
0
0
0.3
0.1
0
0.5

0
0
0
0
0
0
0
0
0
0

+
0
0
0.5

0
0
0
0
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Table 42. Continued.

Beaver Creek
2B M A 0 1.7 3.6 0 0.3 0 0 0
2A M A 0 0.7 2.2 0 0 0 0 0
1B M A 0 0.7 2.6 0 0 0 0 0
1A M A 0 0.5 0.6 0 0 0 0 0.

a M = main channel; S = side channel; BR = braided channel.

b A = above irrigation diversion; B = below diversion W = below Sawtooth Hatchery weir.

C Sections 10A, 8A, 8B, 8A, 7B, and 7A were in i t ia l ly numbered in 1984 as 1, 2, 3, 4, 5, and 6,
respectively.

d One juvenile kokanee also observed.
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direct ion dropping 650 m in 25 km to i ts confluence with the Salmon
River (Fig. 18). The stream passes through two natural lakes, Alturas
Lake  (339  hec ta res )  and  Pe rk ins  Lake  (21  hec ta res ) ,  wh i ch  rece i ve
moderate recreational use during the summer season. Below the lakes,
four main tr ibutaries and subsurface seepage enter the stream; above
the lakes,  on ly  A lp ine Creek cont r ibutes substant ia l ly  to  i ts  vo lume.
An irr igat ion diversion below the lakes completely dewaters the stream
during most years, limiting use of the stream by anadromous fish.

H i s t o r i c a l l y , spring chinook spawned and reared In Alturas Lake
Creek above and below the lakes and in Alpine Creek up to i ts barrier
2.4 km upstream. Sane use of Alturas Lake Creek by summer steelhead
also occurred. Sockeye salmon spawned in the upper drainage and reared
in Alturas Lake.

Resident salmonids in Alturas Lake Creek are rainbow trout,
c u t t h r o a t  t r o u t , b u l l  t r o u t , b rook  t r ou t , and mounta in  whi te f ish
(Mallet 1974); kokanee have been stocked In Alturas Lake.

Approximately 8 km upstream from the mouth of Alturas Lake Creek,
an i r r igat ion d ivers ion dam (F ig . 1 8 )  u s u a l l y  d i v e r t s  a l l  f l o w  a f t e r
the f irst week of July. Most of the potential chinook spawning habitat
and more than 80% of the suitable rearing habitat exists upstream from
t h e  d i v e r s i o n  ( H .  F o r s g r e n ,  S a w t o o t h  N a t i o n a l  F o r e s t ,  p e r s o n a l
communication). The stream is dewatered for 2.6 km below this
diversion during the largest part of the chinook spawning season. Vat
Creek and subsur face f lows do prov ide suf f ic ient  water  to  the lower
port ions of Alturas Lake Creek for fair spawning and rearing condit ions
i n  m o s t  y e a r s . I n  a d d i t i o n  t o  r e d u c i n g  c h i n o o k  a n d  s t e e l h e a d
production potent ia l , the diversion eliminated a sockeye run which
probably exceed 4,500 in escapement.

The USFS investigated two approaches to resolve the Instream flow
problem in Alturas Lake Creek (Forsgren 1984a). The f i rs t  approach
invo l ved  t he  cons t ruc t i on  o f  an  ou t l e t  con t ro l  s t r uc tu re  on  A l t u ras
Lake  t o  s to re  sp r i ng  runo f f  wa te r  f o r  r e l ease  i n to  t he  c reek  du r i ng
la te  summer and ear ly fa l l  to  accommodate upst ream migra t ing and
spawning chinook. I n  con junc t i on  w i t h  t h i s  s t r uc tu re ,  a  f i sh  sc reen
and  f i sh  l adde r  wou ld  be  necessa ry  a t  t he  d i ve rs i on . The second
approach would  be the acquis i t ion o f  the water  r ight  or  a  por t ion o f
that right held on Alturas Lake Creek for instream flows.

Object ives of the project are (1) secure passage of adult  chinook
and sockeye i n t o  t h e  u p p e r  s t r e a m , (2 )  imp rove ins t ream f lows
downstream from the diversion, ( 3 )  r e s t o r e  p r o d u c t i o n  p o t e n t i a l  o f
Alturas Lake Creek for chinook and sockeye, and (4) increase natural
production of anadromous fish, consistent with IDFG (1985) Anadromous
Fish Management PI an for Subbasin SA-11.
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Figure 18. Location of passage block at irr igat ion diversion on Alturas
Lake Creek and established monitoring sections.
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Anadromous Fish Management Considerations

The many years  o f  dewater ing of  the lower  par t  o f  A l turas Lake
Creek has totally eliminated the sockeye salmon runs and brought the
chinook salmon and steelhead trout runs to near-extinction levels above
the Breckenridge diversion. T rapp ing  o f  adu l t s  f o r  spawn tak ing  a t
Sawtooth Hatchery has further depressed returns of adult  salmon and
steel head to the upper part of Alturas Lake Creek. There is concern
that  the un ique popula t ion o f  ch inook sa lmon that  migrated through
Alturas Lake and spawned and reared in the stream above Alturas Lake
has been lost

No chinook salmon fry or f ingerl ings have been stocked in Alturas
Lake Creek in recent years. Steelhead fry have been stocked below the
lake per iod ica l ly  f rom 1978 to  1985, A suitable sockeye brook stock
wil I  have to be located for reestabl ishing sockeye salmon into Alturas
Lake.

1983-l 985 Passage lmprovement Project

Both the flow augmentation and water right purchase approaches to
reso lve conf l ic ts  between i r r igat ion use and f ishery  needs have been
investigated and deemed technically feasible (H. Forsgren, personal
communication). in  1985, emphasis was placed on quantification,
valuation, and purchase o f  the water  r ights  that  w i l I  meet  ins t ream
flow requirements for salmon. No project had been implemented through
1985.

Project Evaluation

Evaluation status. Three basic levels of evaluation are planned
for Alturas Lake Creek: general monitor ing; evaluations based on
standing crops; and  an  i n tens i ve  s tudy  i n  t he  uppe r  Sa lmon  R ive r
drainage designed to determine r e l a t i o n s h i p s between spawning
escapements, standing crops, and smolt yields. In 1985, monitoring
sections were established and sampled and the sampling approach for
standing crop evaluations in Alturas Lake Creek was established.

Passage improvement at the irr igat ion diversion wil I  be evaluated
as a removal of a barrier to adult chinook and sockeye (and possibly to
juvenile steelhead). Mitigation benefits for chinook can be determined
f r o m  s t a n d i n g  c r o p s  o f  j u v e n i l e s  p r o d u c e d  a b o v e  t h e  d i v e r s i o n .
Evaluation of benefits for lake-rearing sockeye wilI require trapping
of downstream migrants either at the Sawtooth Hatchery weir or at a
wei r  const ruc ted a t  the d ivers ion s t ruc ture . Improvements In instream
flows associated with passage improvements can be evaluated in affected
reaches from estimated increases in standing crops of juveni le chinook
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and steelhead at full seeding. The  i n tens i ve  p roduc t i on  s tud ies
p lanned  i n  t he  uppe r  Sa lmon  R i ve r  w i l I  p rov ide  d i r ec t  es t ima tes  o f
smolt y ie lds based on s tand i  ng crops o f  ch inook and s tee l  head.
Const ruct ion and operat ion o f  an upst ream and downst ream migrant
trapping facility at the Alturas Lake Creek diversion would allow for
par t i t ion ing o f  smol t  y ie lds  f rom d i f ferent  par ts  o f  the upper  Sa lmon
River drainage.

The IDFG evaluation of the Alturas Lake Creek project began in 1984
as a pretreatment assessment of the passage improvement project at the
i r r i ga t i on  d i ve rs i on . S ix  permanent  sect ions were estab l ished and
sampled In 1984, two above the lakes, two below the lakes and above the
diversion, and two below the diversion.

Juvenile chinook densit ies in 1984 varied considerably by location
ave rag ing  abou t  2  f i sh /100  m 2  i n  sec t i ons  above  t he  d i ve rs i on  and
47 fish/100 m2 below the diversion (Petrosky and Holubetz 1985). The
remnant status of chinook above Alturas Lake will be of special concern
i f  these f ish are un ique genet ica l ly . Rainbow-steelhead densi ties in
1984 were low throughout most of Alturas Lake Creek.

Sampling efforts in 1985 were maintained at the general monitoring
leve l . We estimated densities in two sections above Alturas Lake and
1 section below the diversion in August 1985 (Table 43).

j u v e n i l e ra inbow-stee lhead. A l t u r a s Lake Creek was
under-seeded by steelhead in 1984 and 1985  (Tab le  44 ,  Appen -
dix A-10). Rainbow-stee lhead were rare in  the reach above Al turas
Lake.

Juvenile chinook. Densities of age 0 chinook decreased from 1985
to 1985 (Table 44, Appendix A-10) due to a decrease in number of adult
chinook alIowed to pass the Sawtooth Hatchery weir. No age 0 chinook
and a single precocious yearl ing were observed in two sections above
Alturas Lake in 1985. The single salmon redd counted above the lake In
1985 Spawning Ground Survey (M. Reingold, IDFG, personal communication)
was In the same location that we observed a large bull trout redd.

Resident salmonids. B rook  t r ou t , bul l t r ou t , and mountain
w h i t e f i s h were o b s e r v e d  I n A l t u r a s Lake C r e e k  i n 1985
(Table 45). Brook trout were most abundant In the vicinity of Vat
Creek (Section 3) where groundwater enters the stream. No cutthroat
trout were observed in Alturas Lake Creek in 1984 or 1985.

Future Evaluation and Recommendations

Future eva luat ions for  mi t igat ion o f  the Passage pro jec t  requ i res
standing crop estimates of juvenile steelhead and chinook at full
seeding upstream of the diversion and in the dewatered reach below the
diversion. All sockeye and most chinook produced In this area should
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Table 43. Sections sampled in Alturas Lake Creek, August 21, 1985,

1A A, L - 7.6 759 66.7 33.3 0
1B A, L 7.3 732 85.2 14.8 0

3 B 8 .2 1597 71.7 28.3 0

a  A  = above  i r r i ga t i on  d i ve rs i on ;  B  =  be low  d i ve rs i on ;  L  =  above  A l t u ras
Lake.

b 1984 survey data.
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Table 44. Dens i t y  (number /100m 2 )  by  age -g roup  o f rainbow-steel head and
chinook in Alturas Lake Creek, August 21, 1985.

1A A,L 0.5 0.1 0 0 0 0.3
1B A,L 0 0 0 0 0 0

3 B 6.7 0.7 0.1 + 12.5 1.8

a A= above i r r igat ion d ivers ion;  B = be low d ivers ion;  L  =  above Al turas
Lake.
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Table 45. Density (number/100m2) by age-group of brook trout, bull trout,
and whitefish in Alturas Lake Creek, August 21, 1985.

a  A  = above irrigation diversion; B = below diversion; L = above Alturas
Lake.
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be counted as mi t igat ion benef i ts . An undetermined f rac t ion o f  the
steelhead produced could be considered mitigation. An intensive study
in  the upper  Sa lmon River  w i l l  p rov ide the d i rec t  means to  es t imate
s m o l t  y i e l d s o f  c h i n o o k  a n d  s t e e l h e a d  b a s e d  o n  s t a n d i n g  c r o p
estimates. Numbers of sockeye smolts and adults could be estimated
d i rec t l y  a t  t he  Sawtoo th  Ha tche ry  we i r  o r  a  we i r  des igned  i n to  t he
d ivers ion s t ruc ture . The intensive study should be integrated closely
w i t h  t he  gene ra l eva lua t i ons  i n  t he  uppe r  Sa lmon  R i ve r  and  o the r
project streams.

Pole Creek

Pole Creek, 14 km long, enters the Salmon River near its headwaters
at  r iver  k i lometer  631 (F ig .  19) . Pole Creek l ies  ent i re ly  wi th in  the
Sawtooth National Recreation Area. The stream in its lower 5 km below
an i r r igat ion d ivers ion f lows through pr ivate ,  i r r igated land. Habitat
for spawning and rearing of anadromous f ish is high qual i ty. However,
i r r i ga t i on  w i t hd rawa l s before 1982 had dewatered the mouth o f  the
stream and partially dewatered the lower 5 km during summer.

Summer steelhead and spring chinook were essential ly el iminated
f rom Pole  Creek above the i r r igat ion wi thdrawals . After anadromous
fish runs are restored, Pole Creek should be an important producer of
steel head and chinook for the upper Salmon River drainage. Aquatic
habi ta t  surveys by IDFG and USFS suggest that the 5 km of stream
immediate ly  above the d ivers ion could  suppor t  about  560 s tee lhead
spawners and 940 chinook spawners (Forsgren 1984b).

Res iden t  sa lmon ids  i n  Po le  C reek  i nc lude  ra inbow t rou t ,  b rook
trout,  bul l  t rout,  and mountain whitef ish.

The abstracted water r ights in Pole Creek (65.6 cfs) exceeded the
to ta l  i ns t r eam f l ow  t h roughou t  mos t  o f  t he  i r r i ga t i on  season  be fo re
1982 (Forsgren 1984b). i r r iga t ion water  was wi thdrawn f rom seven
points along the stream, leaving the mouth of Pole Creek dewatered. In
1982,  the mode of  i r r igat ion was changed f rom " f lood"  to  "overhead
s p r i n k l e r . " The new irr igation system requires only 12-18 cfs drawn
f r o m  o n e  p o i n t  a n d  l e a v e s  e n o u g h  w a t e r  i n s t r e a m  t o  r e e s t a b l i s h
steel head and chinook in Pole Creek. Screening of juvenile steel head
and ch inook f rom the new s ing le  d ivers ion was an impor tant  par t  o f
anadromous f ish  res tora t ion in  Po le  C reek . Pre l iminary  est imates
suggested that about 25% of al l  juveni le steelhead and chinook could
die in an unscreened diversion network (Forsgren 1984b). With support
of IDFG, the Sawtooth National Forest entered into an agreement with
BPA in 1983 to screen the Pole Creek diversion. The USFS contracted
IDFG to design, construct,  and instal l  the screen.
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DIVERSION

DIVERSION

Figure 19. Location of 1983 screening project at i rr igat ion diversion on
Pole Creek and reaches established in 1985 to define habitat
problems.
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Def in i t ion o f  o ther  aquat ic  and r ipar ian degradat ion prob lems in
the upper Salmon River (including Pole Creek) and In the Valley Creek,
Marsh Creek, and Bear Valley Creek drainages was initiated In 1985
through a BPA-funded inventory conducted by OEA Research Incorporated.
Treatment recommendations fo r i n i t i a t i o n  o f  B P A  p r o j e c t s  w i l l  b e
developed based on the inventory data.

Object ives o f  the Pole  Creek BPA pro jects  are : (1)  reestab l ish
steel head and chinook runs to Pole Creek, (2) screen downstream
migrating juveni le steelhead and chinook from the Irr igat ion diversion,
( 3 )  d e f i n e  a n d  t r e a t  r i p a r i a n  a n d  a q u a t i c  h a b i t a t  p r o b l e m s  w h i c h
potent ia l ly  l imi t  anadromous f ish  product ion,  and (4)  increase natura l
production of anadromous fish in Pole Creek consistent with IDFG (1985)
Idaho Anadromous Fish Management Plan for Subbasin M-1 1.

Anadromous Fish Management Considerations

Since this project was implemented, no Increase In salmon
production has occurred In the Pole Creek drainage upstream from the
diversion. The spawntaking operation at Sawtooth Hatchery has reduced
the number  o f  adul t  sa lmon re turn ing to  the Pole  Creek v ic in i ty .  In
addi t ion, 1985 summer f lows were Iow and the Busterback d ivers ion
completely dewatered a portion of the Salmon River. These conditions
prevented the small  number of adults that were released at Sawtooth
weir from reaching headwater streams like Pole Creek.

In the early summer of 1985, steelhead fry from Sawtooth Hatchery
was  s tocked  i n  t he  uppe r  pa r t  o f  Po le  C reek . N o  c h i n o o k  f r y  o r
fingerlings have been stocked in Pale Creek in recent years. Chinook
fry should be stocked in Pole Creek above the diversion at the earliest
possible date.

1983 Screening Project

During summer 1983, IDFG engineering personnel surveyed the
diversion site and designed the screen. A single-rotary drum screen
powered by a paddle wheel was designed for use beginning with the 1984
I r r i g a t i o n season. The IDFG completed concrete work and backfi l l ing
during September 1983; the screen was first installed and operated
during the 1984 irrigation season.

1985 Habitat Problem ldenti f icat ion

An inventory to define habitat problems in the drainage,
part icularly those related to Iand use and sedimentation, was Init iated
In 1985 by OEA Research Incorporated under  BPA cont rac t . The
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BPA-funded habi ta t  pro jec t  proposals  wi l l  be formulated fo l lowing the
report on the inventory and treatment recommendations.

Project Evaluation

Evaluation status. Three basic leveIs of evaluation are planned
for  Pole Creek: general monitor ing; evaluations based on stand1 ng
c rops ;  and  an  i n tens i ve  s tudy in  the upper  Salmon River  dra inage
designed to determine relationships between spawner escapements,
standing crops, and smolt yields. Through 1985, monitoring sect ions
have been established and sampled, and sampling approaches for standing
crop evaluations for the screening project have been established.

Benefits to steel head and chinook from the Pale Creek Screen1 ng
pro jec t  can be est imated as some f rac t ion o f  the i r  s tand ing crops a t
ful l  seeding upstream of the diversion screen. This fract ion could be
determined as e i ther  the f rac t ion o f  the to ta l  f low wi thdrawn (about
25%) or from mark-recapture experiments.  Construction and operation of
an upstream and downstream migrant trapping facility at the Pole Creek
diversion would faci l i tate these mark-recapture experiments, as wel l  as
a l l o w  f o r  p a r t i t i o n i n g  o f  s m e l t  y i e l d s  f r o m  d i f f e r e n t  p a r t s  o f  t h e
upper  Salmon River  dra inage. E v a l u a t i o n  o f  a n y  f u t u r e  h a b i t a t
improvements can be based on measured physical habitat changes (e.g.,
sed iment  reduct ion)  and est imated increases i n  s t a n d i n g  c r o p s  o f
juvenile steelhead and chinook at full seeding.

The IDFG evaluation of the Pole Creek habitat projects began in
1984 as a posttreatment assessment of the screening project. Four
permanent monitoring sections were established and sampled in 1984, two
above and two below the diversion screen.

The diversion dam was an impediment to upstream passage of adult
chinook and juvenile chinook and steelhead in 1984 and probably 1983
(Petrosky and HoIubetz 1985). No juveni le  anadromous f ish  were
observed above the d ivers ion dur ing 1984  f i sh  dens i t y  mon i t o r i ng ;
whereas, juvenile chinook were abundant immediately downstream of the
diversion. Upstream passage conditions for adult chinook at the
diversion were good in August 1985; however, no adults were observed in
Pole Creek that year.

Sampling effort was increased in 1985 to include complementary fish
popula t ion data in  the habi ta t  prob lem- ident i f ica t ion inventory  o f  the
upper Salmon and upper Middle Fork Salmon rivers. Ten sections were
sampled in Pole Creek In conjunction with this Inventory (Table 46).
A q u a t i c  a n d  r i p a r i a n da ta  and  t r ea tmen t  r ecommenda t i ons  w i l l  be
reported separately by OEA Research Incorporated.

Juveni le rainbow-steelhead. Pole Creek was under-seeded by
steelhead In 1984 and 1985 (Appendix A-l 1). The IDFG introduced
steelhead fry Into Pole Creek In 1985, which resulted in moderate to
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Table 46. Sections sampled in Pole Creek, August 13-16, 1985.

5B A 2.0 2.7 267 27.0 73.0 -
5A A 2.7 4.4 443 13.1 86.9 -
4B A 0.5 6.1 553 33.7 66.3 -
4A A 2.3 5.3 515 21.7 78.3 -
3Bc A 1.0 4.7 442 31.4 68.6 -
3Ac A 2.0 4.0 403 41.0 59.0 -

2Bc B 1.2 4.2 372 46.2 53.8 -
2Ac B 1.0 4.5 402 28.1 71.9 -
1B B 1.5 7.1 765 26.1 73.9 -
1A B 1.5 5.6 466 31.1 68.9 -

a  A  = above irrigation diversion and screen; B = below diversion and screen.

b Rated from "pool width and riffle width" across transects.

C Sections 3B, 3A, 2B, and 2A were i n i t i a l l y numbered i n 1984 as 1, 2, 3,
and 4, respectively.
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high fry densities in Reaches II, III, and IV (Table 47). Continued
releases will be necessary to restore steel head production in Pole
Creek.

Juvenile chinook. No age 0 chinook were observed in Pole Creek in
1985 (Table 47). Moderate densities of age 0 chinook had been observed
below the diversion screen in 1984 (Appendix A-l 1). Chinook fry should
be introduced into upper Pole Creek as allowed by fish availability.

Resident salmonids. Resident brook trout, bul l  trout, and mountain
whitefish were observed in Pal e Creek in 1985 (Table 48). No cutthroat
trout were seen in 1984 or 1985.

Phys i ca l  hab i t a t . The major habitat problem identified in the
inventory of Pole Creek was severe bank erosion caused by sprinkler
irrigation wheels crossing the stream and cattle use in the downstream
reach. Deta i led phys ica l habitat measurements, riparian corridor
information, and results of simple hypothesis tests wi l l  be reported by
OEA Research Incorporated.

Future Evaluation and Recommendations

F u t u r e  e v a l u a t i o n  o f  t h e  P o l e  C r e e k  S c r e e n i n g  p r o j e c t  f o r
mit igat ion requires a standing crop est imate of juveni le steelhead and
chinook at full seeding upstream of the diversion screen and an
e s t i m a t e  o f  t h e  f r a c t i o n  o f  m i g r a n t s  d i v e r t e d  s u c c e s s f u l l y  b y  t h e
screen. An intensive study in the upper Salmon River with weirs below
Pole Creek will provide a direct means to estimate smolt yields from
standing crop est imates. The in tens ive s tudy should  be in tegrated
c l o s e l y  w i t h  t h e  g e n e r a l evaluation work that has already been
accomplished.

Specif ic evaluation approaches to other potential  habitat projects,
such as in lower Pole Creek, s h o u l d  b e  f o r m u l a t e d  d u r i n g  t h e
development of implementation plans.

Valley Creek

Valley Creek, 34 km long, enters the Salmon River near the
headwaters at river kilometer 598 (Fig. 20). The Valley Creek drainage
l ies  pr imar i ly  w i th in  the Sawtooth Nat iona l  Recreat ion Area wi th  i ts
headwaters in the Challis National Forest. Anadromous fish habitat has
been degraded in  por t ions of the drainage from activities such as
grazing in r iparian zones and irr igation withdrawals.
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Table 47. Density (number/100m2) by age-group of rainbow-steel head and
chinook in Pole Creek, August 13-16, 1985.

5B A 0 0 0 0 0 0
5A A 0 0 0 0 0 0
4B A 12.3 0.2 0 0 0 0
4A A 13.2 5.6 0.2 0 0 0
3Bb A 159.3 0 0 0 0 0
3Ab A 79.6 0 0 0 0 0

2Bb B 18.8 0 0 0 0 0
2Ab B 0 2.5 0.5 0.2 0 0.2
1B B 0 0 0 0.1 0 0.1
1A B 0 0.2 0.2 0 0 0

a A= above  i r r i ga t i on  d i ve rs i on  and  sc reen ;  B  =  be low  d i ve rs i on  and
sc reen .

b Sections 3B, 3A, 2B, and 2A were i n i t i a l l y numbered i n 1984 as 1, 2, 3,
and  4 ,  r espec t i ve l y .
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Table 48. Density (number/100m2) by age-group of brook trout, bull
trout, and whitefish in Pole Creek, August 13-16, 1985.

5B A 0 0 0 0 0 0
5A A 0 0 0 0 0 0
48 A 0 0 0 0 0 0
4A A 0.4 2.3 0.6 0.2 0 0
3Bb A 0.2 0 0 0 0 0
3Ab A 0.5 0.5 0 0 3.0 0

2Bb B 0.3 0 0 0 3.2 0
2Ab B 0 0 0 0 0 0.2
18 B 0 0.3 0 0.1 0 1.4
1A B 0 0.9 0 0 0 0.9

a A= above i r r igat ion d ivers ion and screen;  B = be low d ivers ion and
screen.
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Figure 20. Location of reaches established in 1985 to define habitat
problems in the Valley Creek drainage.
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The Valley Creek system is a major production area for spring and
summer chinook and summer steel head. Anadromous f ish runs to Valley
Creek were reduced in the early 1900s by construction of Sunbeam Dam
downstream from Stanley. The dam, which was a barrier to anadromous
f i s h  a t  h i g h  f l o w s , was breached in 1934. Ef for ts  are underway to
restore a sockeye run to Stanley Lake.

Native resident salmonids in the Valley Creek drainage are rainbow
t rou t , c u t t h r o a t  t r o u t , b u l l  t r o u t , and mountain whitefish (Mallet
1974). Nonnative brook trout have al so become established. .

De f i n i t i on  o f  aqua t i c  and  r i pa r i an  deg rada t i on  p rob lems  i n  t he
drainage and, al so, upper Salmon River, Marsh Creek and Bear Valley
creek drainages was Initiated In 1985 through a BP&funded Inventory
conducted by OEA Research Incorporated. The IDFG conducted the
a s s o c i a t e d  f i s h  d e n s i t y  s u r v e y s  i n  t h e  V a l l e y  C r e e k dra inage.
Treatment recommendations for i n i t i a t i o n  o f  B P A  p r o j e c t s  w i l l  b e
developed based on the Inventory data.

Objectives of the BPA inventory in the Valley Creek drainage are:
( 1 )  d e f i n e  a n d  t r e a t  r i p a r i a n  a n d aquat ic  hab i ta t  prob lems which
potential ly l imit anadromous f ish production, and (2) increase natural
production of anadromous fish in the Valley Creek drainage consistent
with IDFG (1985) Anadromous Fish Management Plan for Subbasin SA-11.

Anadromous Fish Management Considerations

V a l l e y  c r e e k  w i l l be supplemented with hatchery steel head and
chinook salmon from Sawtooth Hatchery in those years that the habitat
is under-seeded by natural spawning. Po r t i ons  o f  t he  Va l l ey  C reek
drainage have badly degraded aquatic habitat. The Sawtooth NRA is
implementing projects to improve those degraded conditions.

In the last several years, both fingerling and smolt steelhead have
been stocked in  Val ley Creek No surplus chinook salmon have been
available to stock In Valley Creek.

The ch inook sa lmon run th is  past  year  was at  a  very  low leve l .
Wi th  the f i rs t  re turns to  Sawtooth  Hatchery  occur r ing in  the next  two
to three years, the prospects for restoring chinook salmon production
in Valley Creek are very good.

1985 Habitat Problem Identi f icat ion

An inventory to define habitat problems in the drainage,
part icularly those related to land use and sedimentat ion, was ini t iated
In 1985 by OEA Research Incorporated under  BPA cont rac t . The
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BPA-funded habi ta t  pro jec t  proposals  wi l l  be formulated fo l lowing the
report on the Inventory and treatment recommendations.

Project Evaluation

Evaluation status. Two basic levels of evaluation will be used on
any BPA habi ta t  pro jects implemented in the valley creek drainage:
general moni tor ing and standing crop evaluations. Through 1985,
monitoring sect ions had been estab l ished and sampled pret reatment
(Table 49). Pending development of BPA projects in the drainage, IDFG
will continue to monitor density trends in the drainage in a small
number of sections (Appendix A-12).

Juvenile rainbow-steelhead. The Valley Creek drainage was
under-seeded by steel head in August 1985 (Table 50). Dens i t ies  o f
j uven i l e  ra inbow-s tee lhead  i n  Va l l ey  c reek  d ra inage  were  gene ra l l y
similar to those In the upper Salmon River drainage (Table 41).

Juvenile chinook. The drainage was under-seeded by chinook in 1985
(Table 50). However, compared to many other depressed stocks in Idaho,
ma in  s tem Va l l ey  C reek  suppo r ted  a  re la t i ve l y  good  popu la t i on  o f
juveniles in 1985 oven without past supplementation. The spawning
escapement to Valley Creek in 1985 declined to a very low level.

Resident salmonids. Res iden t  cu t t h roa t  t r ou t ,  b rook  t r ou t ,  bu l l
t r ou t , mountain whitef ish, and catchable-s ize hatchery  ra inbow t rout
were present in the Valley Creek drainage (Table 51). Brook trout were
abundant  pr imar i ly  in  headwater  areas;  cut throat  t rout  and bu l l  t rout
were rare throughout the drainage.

Physica l h a b i t a t . R e s u l t s  a n d  r e c o m m e n d a t i o n s  f r o m  t h e
aquat ic / r ipar ian habi ta t  inventory  wi l l  be repor ted by OEA Research
Incorporated. In general, riparian areas in the Valley Creek drainage
were found to be degraded locally by cattle grazing. Instream physical
habitat was less severely sedimented than in Bear Valley Creek and Elk
Creek (Fig. 33).

Future Evaluation and Recommendations

Specific evaluation approaches to any BPA habitat project in the
Valley creek drainage should be formulated during the development of
implementation plans.
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Valley Creek
8B
8A
78
7A
68
6A
56
5A
46
4A
38
3A
28
2A
1B
IA

3SB
3SA
358
1SA

Trap Creek
38
3A
28
2A
1B
1A

Elk Creek
4B
4A
36
3A
2B
2A
1B
1A

3SB
3SA

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

S
S
S
S

M
M
M
M
M
M

M
M
M
M
M
M
M
M

S
S

2.0 4.9
1.5 4.6
1.5 6.3
1.2 6.4
1 .6 7.0
1 .5 5.9
1.5 7.1
1.0 7.3
0.5 7.9
1.0 5.5
1.0 7.3
2.0 11.2
1.0 27.6
1.0 19.7
1.5 16.7
2.0 16.2

633
620
900
525
629
935
703
546
814

3316
2736
2203
1336
2241

20.6 79.4
56.2 43.7
32.2 67.6
45.4 54.6
13.3 86.7
33.4 66.6
44.6 55.2
31.9 68.1
40.1 59.9
56.6 41.2
31.8 66.2
22.4 77.6
39.6 60.4
18.4 81.6
22.2 77.6
25.3 74.7

0.5 2.1 214 100.0 0
1.0 4.4 433 59.2 40.6
0.5 7.3 722 96.6 3.4
0.5 5.9 592 100.0 0

1.0 6.4 638 69.7 30.3
1.0 3.6 373 56.9 43.1
3.0 3.9 310 27.4 72.6
1.5 3.6 313 21.6 79.4
1.0 4.3 464 79.7 20.3
0.5 5.2 423 98.1 1.9

1.6 5.6 546 33.2 66.6
1.9 6.4 662 50.7 49.3
1.6 5.2 515 65.9 34.1
1.5 7.4 736 66.5 33.5
3.0 7.4 674 20.3 79.7
2.0 6.2 585 23.0 77.0
1.5 5.2 511 15.5 64.5
2.0 6.2 640 12.3 67.7

0.6 2.0 238 72.7 27.3
1.0 2 .1 209 47.1 52.9
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Table 49. Continued.

Stanley Creek
2B
2A
1B
1A

M 0.2 3.4 205 95.1 2.4 -
M 0.5 3.2 328 94.3 5.7 -
M 0.5 2.7 362 87.0 13.0 -
M 0.5 3.0 267 93.2 6.6 -

Crooked Creek
28 M 1.0 3.3 43.7 56.3 -
2A M 2.6 3.1 307 19.6 60.4 -
1B M 1.6 3.5 30.3 69.7 -
1A M 1.5 393 333 22.3 77.7 -.

a M = main channel; S = side channel.

b Rated from "pool width and riffle width" across transects.
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Valley Creek
8B
8A
7B
7A
6B
6A
5B
5A
4B
4A
3B
3A
2B
2A
1B
1A

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

0 0
0 0
0 0
0 0.2
0 0.6
0 0.2
4.6 2.8
5.3 1.0

23.9 2.7
12.8 2.1
8.3 1.8
3.6 0.8
1.6 1.3
3.6 1.0
3.0 0.2

3SB
3SA
1SB
1SA

1.9
3.5
0
0

0
0.7
0
0.2

Trap Creek
3B
3A
2B
2A
1B
1A

0
0
0
0
0
1.0

Elk Creek
4B
4A
3B
3A
2B
2A
1B
1A

0.4 0
0 0
0.4 0
0 0
1.9 1.3
1.2 1.0
0.8 0.6
0.3 1.2

3SB S 10.5 0
3SA S 0 0

0
0
0
0
0.2
0
0.8
0.3
0.6
0.4
1.6
0.4
1.0
0.2
+

0
0.2
0
0

0
0
0
0
0
0

0
0
0
0
0.9
1.4
0
0.3

0
0

0
0
0
0
0
0
0
0.4
0
0
0.1
0.1
0.2
+
0.1
0.2

0
0
0
0

0
0
0
0
0
0

0
0
0
0
0.3
0
0
0

0
0

5.1 0.3
27.8 1.3
5.4 1.4

11.6 1.3
10.6 1.3
6.7 0

17.2 0.1
15.2 0.2
38.6 0.5
45.5 2.8

8.2 0.1
4.6 0.1

15.1 1.2
4.7 0

20.6 0
22.4 0

5.7 0
0 0

29.5 0
5.4 0

15.9 0
0.1 0
6.8 0.4

11.5 1.0
32.5 0.2
25.9 0.6

0
10.5

0
0
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Stanley Creek
28
2A
1B
1A

M 0 0 0 0 0 0
M 0 0 0 0 0 0
M 26.3 4.0 1.2 0 3.7 0
M 6.7 4.1 0.8 0 3.4 0

Crooked Creek
28
2A
1B
1A

M
M 0 0 0 0 0 0
M
M 0 0 0.3 0 0.6 0

a M = main channel; S = side channel.
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Valley Creek
8B
8A
7B
7A
6B
6A
5B
5A
4B
4A
3B
3A
2B
2A
1B
1A

3SB
3SA
1SB
1SA

Trap Creek
3B
3A
2B
2A
1B
1A

Elk Creek
4B
4A
3B
3A
2B
2A
1B
1A

3SB
3SA

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

S
S
S
S

M
M
M
M
M
M

M
M
M
M
M
M
M
M

S
S

-

0
0
0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0
0
0

0
0.2
0
0
0
0
0
0.2

0
0

0.3 7.4 0
0.2 3.9 0
0 2.4 0
0 1.1 0
0 1.1 0
0 0.2 0
0 0.8 0
0 2.0 0
0 1.1 0
0 1.0 0
0 0.1 0
0.1 0.2 0
0 0.1 0
0 + 0

0.5 1.4 0
0.7 2.8 0
0.1 0.4 0
0 0 0

4.1 0.5 0
1.9 0 0
0 0.6 0
0.6 4.8 0
1.0 4.8 0
4.3 1.9 0

0.2
0
4.5
1.4
0
0
0
0

0
1.4

1.5 0
1.8 0
7.2 0
5.6 0
2.2 0
1.0 0
2.5 0
2.5 0

0 0
10 .0  0

0 0
0 0
0 . 2  1 . 8
0 1.4
0 3.6
0 0.6
0 0.5
0 0.7
0.2 0
0 0.9
0 . 2  1 . 7
0 . 1  1 . 0
0
0
0

0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0

0.9
1.0
0.7

0
1.6
3.3
0

0
0
3.3
0
0.1
0.3
0.4
2.8

0
4.3

0
0
3.1
0.4
0.2
0.5
0.4
0
0
1.1
1.4
1.7
1.7
7.0
0.5

0
0.2
0
0

0
0
0
0
0
0

0
0
0.2
0
0.4
3.1
1.0
0.5

0
0

.

0
0
0.1
0.6
0
0.6
0
0
0
0
0.2
0
0
0

0
0
0
0

0
0
0
0
0
0

0
0
0
0
0
0
0
0

0
0
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Table 51. Continued.

Stanley Creek
2B M 0 4.4 8 . 8 0 0 0 0 0
2A M 0 0.6 5 . 0 0 0 0 0 0
1B M 0 3.0 6.1 0 0 0 0 0
1A M 0 1.1 12 .4  0 0 0 0 0

Crooked Creek
2B M 0
2A M 0 0 0 0 0 0 0 0
1B M

0 0 0 0.3 0 0
0

1A M 1.5 0

a  M  = main channel; S = side channel.
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MIDDLE FORK SALMON RIVER

Bear Valley Creek

Bear Valley Creek, 60 km Iong, and Marsh Creek form the Middle Fork
Salmon River (Fig. 21). Both  s t reams f low f rom h igh,  f la t  bas ins  in
the Idaho Batholith, a mountainous region with unstable, sandy soils.
Bear Valley Creek lies within the Boise National Forest and is an
impo r tan t  t r ad i t i ona l  f i sh i ng  a rea  f o r  t he  Shoshone -Bannock  T r i be .
Bear Valley Creek has been severely degraded by sedimentation from
dredge mining and heavy livestock use.

Bear Valley Creek supported a sizable run of spring chinook before
the mid-1970s. Summer steelhead also spawned and reared in this meadow
stream. Produc t i on  o f  bo th  spec ies  i s  cu r ren t l y  dep ressed  by  l ow
escapement and degraded habitat.

Resident salmonids in Bear Valley Creek Include rainbow trout,
c u t t h r o a t  t r o u t ,  b u l l  t r o u t  , mountain whitef ish (Mallet 19741, and
brook trout.

During 1955-1959, dredge mining for placer deposits in upper Bear
Valley Creek (Fig. 21) induced catastrophic sedimentation of important
chinook spawning and rearing areas. The stream was diverted around the
mining area through canals dug into the depositional bottom lands.
instability of canals resulted in canal breaching and channel
scouring. In 1969, the major canal system was filled In, and the
stream was allowed to find its own channel. Sediment from the dredge
mining area continues to enter Bear Valley Creek and degrade aquatic
habitat downstream. P la t t s  ( 1968 )  es t ima ted  t ha t  ex tens i ve ,  heavy
livestock use of the meadow could be as large a source or larger of
sedimentation to the stream.

The Shoshone-Bannock Tribe (SBT) undertook a BPA-funded project in
1984 to reduce the “point-source” sedimentation from the mining area.
To better define the other sedimentation problems on Bear Valley Creek
and other upper basin streams of the Middle Fork and mai n stem Salmon
River, a BPA-funded inventory was initiated in 1985. The SBT and IDFG
conducted fish density surveys in Bear Valley Creek in conjunction with
the inventory.

 Objectives of BPA projects in Bear Valley Creek are: (1) develop
and implement feasible means to reduce "point-source" sedimentat ion
from the mining area, (2) define and treat r iparian and aquatic habitat
p rob lems  wh i ch  po ten t i a l l y  l im i t  anad romous  f i sh  popu la t i ons ,  and
(3) restore wild chinook and steelhead runs in Bear Valley Creek
consistent with IDFG (1985) Anadromous Fish Management  P lan for
Subbasin SA-5.
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N R IVER

Figure 21. Location of mining area on Bear Valley Creek and reaches
established in 1985 to define habitat problems in the
drainage (excluding Elk Creek).

137



Anadromous Fish Management Considerations

Bear Valley Creek is one of the most important spawning and rearing
areas for chinook salmon in the Middle Fork Salmon River drainage. The
wild populations of chinook salmon and steel head that are produced in
Bear Valley Creek are at very low levels of abundance. Although most
wi ld  popula t ions o f  ch inook sa lmon and s tee lhead are improv ing,  the
numbers of f ish returning to Bear Valley Creek have remained at very
low levels. Much of the habitat In the low-gradient meadow areas has
been heavily sedimented. Min ing and graz ing have aggravated the
situation by adding sediment to a high level of natural sediment.

A gradual rebu i l d i ng  o f  anad romous  f i sh  runs  w i l l  occu r  i n  t h i s
area, and any habitat improvement will accelerate the recovery of these
important wild populations of salmon and steel head.

No s tock ing of  hatchery  sa lmon or  s tee lhead has occurred in  the
past and Idaho’s anadromous fish plan calls for exclusively managing
the indigenous wild stocks in this drainage.

1985 "Point-Source” Sediment Reduction

T h e  S h o s h o n e - B a n n o c k  T r i b e  t h r o u g h  B P A  c o n t r a c t  I n i t i a t e d
a  sed imen t - reduc t i on p r o j e c t  i n t h e p r i va te l y -owned min ing
area. The  SBT  con t rac ted  J .M .  Mon tgomery  t o  beg in  s t r eam bank
stabilization/sediment-reduction work in the mining area in late summer
1985, f o l l o w i n g  t h e  p l a n n i n g  a n d  e n g i n e e r i n g  f e a s i b i l i t y  p h a s e  i n
1984-1985 (Konopacky et al.  1985). The implementation phase will
continue in 1986.

1985 Habitat Problem ldenti f icat ion

An Inventory to define other habi ta t  prob lems in  the dra inage,
p a r t i c u l a r l y  t h o s e r e l a t e d  t o  l a n d  u s e  a n d “nonpo in t - sou rce ”
sedimentation, was initiated In 1985 by OEA Research Incorporated under
a BPA contract. The BPA-funded habitat project proposals to address
"nonpoint-source" prob lems wi l l  be formulated fo l lowing the repor t  on
the inventory and treatment recommendations.

Project Evaluation

Evaluation status. Two basic levels of evaluation are planned for
Bear Valley Creek: general monitoring and evaluations based on
standing crops and measured habitat change. Through 1985, monitoring
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sections have been establ ished, and sampling approaches for standi ng
crop evaluations of “point-source" sediment reductions have been
established by the Shoshone-Bannock Tribe (Konopacky et al. 1985).

Evaluations for other BPA projects in Bear Valley Creek require
close coordination between IDFG and SBT which have over lapping
evaluation responsibilities in the stream. Methodologies developed by
IDFG and SBT are similar but not entirely compatible. The major
advantage of the SBT approach is that the high degree of repl icat ion
wi l l  p rov ide more prec ise est imates wi th in  Bear  Val ley  Creek of  the
amount  o f "point-source" sediment-reduction a n d  f i s h populat ion
trends. The major advantage of the IDFG approach is compatibility with
data  in  o ther  s t ream systems and wi th  USFS h is tor ica l  data  (P la t ts ,
Nelson, and Torquemada 1986). To better link these data bases,
sect ions establ ished in the 1985  hab i t a t prob lem- ident i f ica t ion
Inventory overlapped those established in 1984 by SBT.

In 1984, sampling in Bear Valley Creek consisted of pretreatment
evaluations of “point-source" s e d i m e n t  r e d u c t i o n  b y  S B T  a n d  d e n s i t y  
monitoring by IDFG (Petrosky and Holubetz 1985). Densit ies of chinook
and rainbow-steelhead were low in 1984 compared to densities in nearby
anadromous fish production streams.

A total of 24 sections were established in Bear Valley Creek
a n d  t h e  t r i b u t a r y  C a s h e  C r e e k  I n  1 9 8 5  a s  p a r t  o f  t h e  h a b i t a t
problem-identification inventory of the upper Salmon and upper Middle
Fork Salmon Rivers (Table 52). Aquatic habitat variables were measured
a n d  f i s h  d e n s i t i e s  w e r e  d e t e r m i n e d  i n  t h e  s e c t i o n s . The  en t i r e
riparian corridor in low-gradient reaches was inventoried. Results and
recommendations of the inventory phase wil l  be reported separately by
OEA Research Incorporated.

Juveni le rainbow-steelhead. Except for moderate numbers of fry,
rainbow-steelhead were extremei y rare in Bear  Val ley Creek in  1985
(Table  531,  as wel l  as  in  1984 (Appendix  A-13) . The low dens i t ies
contrast with the general increasing trend since 1980 in wild steel head
populat ions in  the Midd le  Fork  Salmon River  (Reingold 1981;  Thurow
1982, 1983, and 1985; and Reingold, unpublished data).

Juven i l e ch inook. Chinook d e n s i t i e s  w e r e  l o w i n  1 9 8 5
(Table 53)  and showed  a s l i g h t decrease from 1984 l e v e l s
(Appendi x A-1 3). Densities age 0 chinook in Bear Valley Creek
c o r r e l a t e  d i r e c t l y  w i t h  t h e  p r e v i o u s  y e a r ’ s  r e d d  c o u n t s  d u r i n g  t h e
period 1976-1985 (Table 54, Fig. 22). Based on this relat ionship and
t h e  i n c r e a s e d  r e d d  c o u n t  i n  1 9 8 5 ,
increase slightly in 1986.

w e  e x p e c t  t h a t  d e n s i t i e s  w i l l

Resident salmonids. Resident salmonids observed in Bear Valley
C r e e k  w e r e  c u t t h r o a t  t r o u t ,  b r o o k  t r o u t ,  b u l l  t r o u t ,  a n d  m o u n t a i n
whi te f ish  (Tab le  55) . Brook t rout  were abundant  on ly  in  headwater
sect ions; cutthroat trout and bul l  t rout were rare.
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Table 52. Sections sampled on Beer Valley Creek end tributary Cache Creek, July 22-August 15, 1995.

Bear Valley Creek
9Ad

9Bd

7A
78
BA
BB
5A
5B
4A
48
3A
38
2Ae

2Be

1A
1B

5SA
5SB
2SA
258

Cache Creek
3A
38
1A
1B

M
M
M
M
M
M
H
M
M
M
M
M
M
M
M
M

S
9
S
S

M
M
M
M

SBT
SST
SBT
SBT
SBT
SBT
SBT
SBT

SBT
SBT

IDFG
IDFG

SBT
SBT

SBT
SBT

IDFG
IDFG
IDFG
IDFG .

2.0 1.7
2.0 2.0
1.5 8.6
1.5 5.7
1.0 8.8
1.0 12.3
1.0 10.6
1.0 14.8
1.0 12.6
1.5 14.2
1.0 12.7
1.5 14.4
1.0 27.2
0.5 22.6
2.5 21.9
2.5 16.9

2.0
1.5
2.0
2.0

65
24

172
139
934
586
536
851

389
210

4894
4136
2445
1663

4.2
6.6
8.6
9.8

2264
923

9.3 760
5.7 459
5.7 662
4.7 572

34.1 65.9
53.2 46.6
75.3 24.7
75.4 24.6
82.2 17.6
50.4 49.6
40.2 59.8
25.3 74.7
37.0 63.0
41.0 59.0
30.7 69.3
35.4 64.6
34.7 65.3
42.1 57.9
11.3 86.7
19.6 90.4

100.0
100.0
100.0
100.0

87.4
94.1
37.1
49.2

12.6
5.9

62.9
50.8

a M = main channel; S = side channel.

b SBT= Shoshone-Bannock Tribe; IDFG = Idaho Department of Fish and Game.

c Rated from "pool width and riffle width" across transects.

d Above mining area.

e Sections 2A and 28 were initially numbered in 1994 as 4 and 5.
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Tab le 53. D e n s i t y  ( n u m b e r / 1 0 0 m 2 )  b y  a g e - g r o u p  o f  r a i
c h i n o o k  i n  B e a r  V a l l e y  C r e e k  a n d  t r i b u t a r y
2 2 - A u g u s t  1 5 ,  1 9 8 5 . D e n s i t i e s  p e r  p o o l
Shoshone-Bannock Tribal biologists (SBT) are
proportion of pool area in each section.

nbow-steelhead and
Cache Creek, July
a rea  obse rved  by

t ransformed by the

Bear Valley Creek
9Ab

9Bb

7A
78
6A
68
5A
5B
4A
48
3A
38
2A
28
1A
18

5SA
5SB
2SA
293

Cache Creek
3A
38
1A
1B

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

M IDFG 0
M IDFG 0
M IDFG 1.7
M IDFG 3.0

SBT
SBT
SBT
SBT
SBT
SBT
SBT
SBT

SBT
SBT

IDFG
IDFG
SBT
SBT

SB;
SBT

0
4.1
8.1
6.5
2.1
0.7
0
0.6

0.5
6.2

20.9
1.5
0.7
0.5

0.4
0.8

0
0
0
0.7
0
0
0
0
0
0
0
0
0.1
0
0
0.1

0

0
0

0
0
0.9
0.5

0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

7.7
0
1.7
6.5
0.4
0.3
0.2
0
0
0.5
1.0

1.9
0
0.2
0.4

111

0
0

0.1
0.2

0 0 0
0 0 0
0.6 0 1.7
0.4 0 15.6

0
0
0
0.7
0
0
0.2
0

0
0.5

0
0
0
0

0
0
0
0

0
0
0.2
1.2

a  M  = main channel; S = side channel.

b Above mining area.
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Table 54. Summary of age 0 chinook densities and adult redd counts , Beer Valley Creek, 1976-85.

1976 275 44.9 9.2 Platts, Nelson, & Torquemada (1986)
1977 76 15.9 1.9 Platts, Nelson, & Torquemada (1986)
1979 129 28.9 4.0 Platts, Nelson, & Torquemada (1986)
1979 184 39.4 14.7 Platts, Nelson, & Torquemada (1996)
1990 69 14.4 0.8 Platts, Nelson, & Torquemada (1986)

1984
1965
1986

56 11.7
55 11.5

134 28.0

2.4 Petrosky and Holubetz (1985)
1.3 Table 53.
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1 0 6 0 ’ s  A V E R A G E

7 6 7 7 7 6 7 0 6 0 6 4 0 5

Y E A R  D E N S I T Y  E S T I M A T E D

Figure 22. Relat ionship of juveni le chinook density to the previous
year's redd count, Bear Valley Creek, 1976-85.
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Table 55. Density (number/100m2) by age-group of cutthroat trout, brook trout,
bu l l  t rout ,  and whi te f ish in  Bear  Val ley Creek and t r ibutary  Cache
Creek, July 22-August 15, 1985. Densities per pool area observed by
Shoshone-Bannock Tr iba l  b io log is ts  (SBT)  are t ransformed by the
proportion of pool area in each section.

Bear Valley Creek
9Ab  '
9Bb

7A
7B
6A
6B
5A
5B
4A
4B
3A
3B
2A
2B
1A
1B

M
M
M
M
M
M
M
M
M
M
M
M
M
M
M
M

5SA
5SB
2SA
2SB

Cache Creek
3A
3B
1A
1B

SBT 0
SBT 0
SBT 0
SBT 0
SBT 0
SBT 0
SBT 0
SBT 0

SB; 0
SBT 0

IDFG 0
IDFG +
SBT +
SBT 0

1.5
0
1.2
0.6
1.5
7.8
0
0
-
0
0

0
0
0
0

3.0 0
0 0
0.6 0
1.2 0
0.5 0
0.5 0
0 0
0 0

0 0
0 0
-
+ 0
+ 0
0 0
0 0

0 0
0 16.7
0 8.7
0 0
0 2.3
0 3.2
0 0
0 4.0
-
0 2.6
0 2.4

0 2.5
0 7.3
0 . 4  0 . 4
0 1.3

57.0
0
0
0
0
0
0
0
-
0
0

+
0.2
2.0
2.5

a  M  = main channel; S = side channel.

b Above mining area.
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Physical habitat. Detai led physical habitat measurements, r iparian
co r r i do r information, and results of simple hypothesis tests will be
reported by OEA Research Incorporated. In general, r ipar ian areas in
Bear Valley Creek were found to be degraded by catt le grazing. The
prob lem of  ins t ream depos i t ion o f  gran i t ic  sands in  the Bear  Val ley
Creek drainage ( including Elk Creek) was worse than in any other major
stream system inventoried in 1985 (Fig. 33).

Future Evaluation and Recommendations

Future evaluation of the “Point-Source ” Sediment-Reduction project
r equ i r es  s tand ing  c rop  es t ima tes , documen ta t i on  o f  t he  deg ree  o f
sediment reduction, and  t he  deve lopmen t  o f  an  emp i r i ca l sediment,
fish-response model to separate effects of seeding levels from effects
of habitat change. The established SBT sampling design should be used
post t reatment  espec ia l ly  to  document  sed iment .  reduct ion. Sediment
fish-response relationships developed from 1985 inventories in the
Middle Fork and Salmon River drainages (see Results and Discussion)
should be developed and refined as seeding levels increase, and the two
approaches should be linked together. Th i s  w i l l  r equ i re  con t i nued
general monitoring of fish densities as spawning escapements increase.

Spec i f ic  eva luat ion approaches to  o ther  BPA habi ta t  pro jec ts  in
Bear Valley Creek should  be formulated dur ing the deve lopment  o f
implementation plans.

Elk Creek

Elk Creek, 35 km long, is the largest tributary to Bear Valley
Creek (F ig .  23) . Sedimentation in Elk Creek has been increased above
natural levels by Iogging and livestock grazing and mass erosion in the
Bearskin Creek watershed.

Elk Creek, like Bear Valley Creek, supported a substantial  run of
spring chinook before the mid-1970s. Summer steelhead also spawned and
reared in Elk Creek. Currently, both species are at a depressed level.

Resident salmonids in Elk Creek are rainbow trout, cutthroat trout,
bul l  trout, mountain whitef ish (Mallet 19741, and brook trout.

Aquat ic  habi ta t  in  much of  the E lk  Creek dra inage is  degraded.
Bearskin Creek and lower Elk Creek have been most affected by
sedimentation (Konopacky 1984). Stream banks have collapsed in reaches
where livestock graze the riparian zones.

Definition of aquatic and riparian degradation problems in the Elk
Creek drainage, as well as in the Bear Valley Creek, Marsh Creek,
Valley Creek, and upper Salmon River drainages, was initiated in 1985
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N O R T H  F O R K

M I L E S

0

Figure 23. Location of reaches established in 1985 to define habitat
problems in the Elk Creek drainage.



through a BPA-funded Inventory conducted by OEA Research Incorporated.
The IDFG conducted the f ish dens i ty  survey in  con junct ion wi th  the
hab i t a t  i nven to ry . Treatment recommendations for Initiation of BPA
projects will be developed based on the Inventory data.

Ob jec t i ves  o f t he  BPA inven to ry i n  E l k  C r e e k  d r a i n a g e  a r e :
(1) define and treat riparian and aquatic habitat problems which
p o t e n t i a l l y  l i m i t  a n a d r o m o u s  f i s h  p r o d u c t i o n ,  a n d  ( 2 )  r e s t o r e  w i l d
chinook and steelhead runs in Elk Creek consistent with IDFG (1985)
Anadromous Fish Management Plan for Subbasin SA-5.

Anadromous Fish Management Considerations

Idaho’s Anadromous Fish Management Plan specified that this stream
wilI be managed exclusively for wild salmon and steelhead runs. Elk
Creek is the major tr ibutary of Bear Valley Creek and is an extremely
important spawning and rearing area for chinook salmon. Sediment bed
Ioad has increased dramatically in the last 15 to 20 years and has
degraded the qual i ty of the aquatic habitat. At this t ime, the salmon
and steel head populations in Elk Creek are at very low levels.

Idaho Department of Fish and Game will continue to pursue improved
survival rates for adult and juvenile migrants in the CoIumbia River
w h i l e  s i m u l t a n e o u s l y  w o r k i n g  c l o s e l y  w i t h  t h e  U S  F o r e s t  S e r v i c e ,
Shoshone-Bannock Tribe, a n d  g r a z i n g  p e r m i t t e e s  t o  r e s t o r e  t h e
productivity of Elk Creek for juvenile salmon and steelhead rearing.

Tribal f isheries in Bear Valley Creek and Elk Creek are dependent
on restoration of the wild stocks of salmon and steelhead.

1985 Habitat Problem Identi f icat ion

An inventory to define habitat problems in the Elk Creek drainage,
part icularly those related to land use and sedimentat ion, was ini t iated
In 1985 by OEA Research Incorporated under a BPA contract. Habitat
p ro j ec t  p roposa l s  w i l l b e  f o r m u l a t e d  f o l l o w i n g  t h e  r e p o r t  o n  t h e
inventory and treatment recommendations.

Project Evaluation

Evaluation status. Two basic levels of evaluation are planned for
any BPA habi ta t  pro jects  implemented i n  t h e  E l k  C r e e k  d r a i n a g e :
general monitoring and evaluations based on standing crops and measured
h a b i t a t  c h a n g e . T h r o u g h  1 9 8 5 ,  m o n i t o r i n g  s e c t i o n s  h a v e  b e e n
establ ished and sampled pretreatment (Table 56). Pending development
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Table 56. Sections sampled in Elk Creek and tributaries, August 5-7, 1985.

Elk Creek
2AC

28
1Ab

1BC

2.0 9.5 1951 72.0 28.0
1.0 9.9 1292 22.8 77.2
2.0 13.4 1291 81.3 19.7
1.5 13.6 3066 62.4 37.6

2SA S 0.2 2.7 239 100.0 0
2SB S 0 3.3 464 100.0 0
1SA S 0.5 6.4 616 100.0 0
1SB S 0 5.4 902 100.0 0

North Fork Elk Creek
?A M
1B M

2.0 2.3
1.5 2.7

249 72.1 27.9
99.7 10.3

East Fork Elk Creek
2A M
28 M
1A M
1B M

2.5 3.9
2.5 3.4
2.0 3.6
2.0 3.9

354
351

65.7 14.3
40.7 59.3
66.6 33.4
64.8 35.2

West Fork Elk Creek
1A M
18 M

1.5 3.4 340 91 .9 8.1
2.0 3.6 402 75.8 24.8

Little East Fork Elk Creek
1A M
1B H

1.0 2.9 192 59.6 40.4
1.0 2.9 247 79.9 21.1

Porter Creek
IA
1B

M
M

1.5 3.1 289 92.6 17.4
1.5 4.7 409 66.6 31.4

Bearskin Creek
4A
4B
3A
38
2A
2B
1A
1B

2.5 2.7
1.0 2.6
1.0 3.8
1.0 5.0
0.5 4.8
1.0 5.1
1.0 5.6
1.0 6.5

263
284
366
617
356
452
526
687

47.8 52.2
30.7 69.3
44.9 55.1

100.0 0
100.0 0
14.1 65.9
77.4 28.6
15.9 94 .I
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of  BPA pro jec ts , IDFG w i l l  con t i nue  t o  mon i t o r  f i sh  dens i t i es  and
h a b i t a t  c o n d i t i o n s  i n  a  s m a l l number of sections i n El k Creek
(Appendix A-14). Given the sever i ty  o f  sed imentat ion prob lems and
s ta tus  o f  w i l d  anad romous  f i sh  i n  E l k  C reek ,  IDFG w i l l  p l ace  h igh
pr ior i ty  on in i t ia t ion o f  res torat ive habi ta t  pro jec ts  in  the dra inage.

The IDFG evaluation of potential BPA projects in Elk Creek began in
1984 as pretreatment monitoring of anadromous f ish  dens i t ies  in  two
sections. Densities of both steel head an chinook were very low in 1984
(Petrosky and Holubetz 1985).

A total of 28 sections were establ ished in the Elk Creek drainage
in  1985 as par t  o f  the habi ta t  prob lem ident i f ica t ion inventory  o f  the
upper Salmon and upper Middle Fork Salmon rivers (Table 56). Aquatic
habitat variables were measured and fish densities determined in the
sect ions; t h e  e n t i r e  r i p a r i a n  c o r r i d o r of  low-grad ient  reaches was
inventoried. Results and recommendations of the Inventory phase will
be reported separately by OEA Research Incorporated.

Juvenile rainbow-steelhead. E lk  C reek  was  under -seeded  by
steelhead in 1985 (Table 57) l Densities of both age 0 and yearling
rainbow-steelhead were general ly high in Elk Creek than in the rest of
the Bear Valley Creek drainage (Table 53).

Juveni le chinook. Elk Creek was under-seeded by chinook In 1985
(Table 57). Age 0 chinook densit ies were similarly low in Elk Creek
and Bear Valley Creek. J u v e n i l e  c h i n o o k  d e n s i t i e s  i n  E l k  C r e e k
c o r r e l a t e  d i r e c t l y  w i t h  t h e  p r e v i o u s  y e a r ’ s  r e d d  c o u n t  d u r i n g  t h e
p e r i o d  1 9 7 2 - 1 9 8 5  ( T a b l e  5 8 ,  F i g .  2 4 ) . Spawning escapements and
juvenile densities appear to be well below the capacity of the &-earn.

Resident salmonids. B rook  t r ou t , bull trout, and mountain
whitef ish were observed in the Elk Creek drainage in 1985 (Table 59).
A single cutthroat trout was observed during the 1984 survey (Petrosky
and Holubetz 1985).

Phys ica l  hab i ta t . Detai led physical habitat measurements, r iparian
corr idor information, and results of simple hypothesis tests will be
reported by OEA Research Incorporated. In general, r ipar ian areas in
Elk Creek were found to be degraded by cattle grazing. The problem of
instream deposition of granitic sands in the Elk Creek and Bear Valley
Creek drainages was  wo rse  t han  i n  any  o the r  ma jo r  s t r eam sys tem
inventoried in 1985 (Fig. 33).

Future Evaluation and Recommendations

Specific evaluation approaches to BPA habitat projects i n the El k
Creek  d ra inage should be formulated during the development of
implementation plans. Because Elk Creek is so badly degraded from
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Elk Creek
2A M
28 M
1A M
18 M

2SA S
2SB S
1SA S
1SB S

North Fork Elk Creek
1A M
1B M

East Fork Elk Creek
2A M
28 M
1A M
18 M

West Fork Elk Creek
1A M
1B M

Little East Fork Elk Creek
1A M
1B M

Porter Creek
1A M
1B M

Bearskin Creek
4A M
4B M
3A M
3B M
2A M
2B M
1A M
1B M

19.0 0
13.2 0.9
24.7 0.3
9.9 1.3

9.6 0
0 0
2.0 0.2
0 0

1.3 0.8

0

35.3
11.7

0.6
0.3

27.9 0
8.5 1.5

21.9 0
6.9 0.8

19.8 1.4
18.9 0

0 0
0 0.4

10.1 0.8
0 0
2.2 0.3
0 0
0 0
0 0

0
0.2
0.1
0.1

0
0
0
0

0

0

0
0

0
0

0
0

0
0

0
0
0
0
0.3
0
0
0

0
0
0
+

0
0
0
0

0

0

0.3
0

0
0

0
0

0
0

0
0
0
0
0
0
0
0

0.5 0
6.1 0.6
2.8 0
1.0 0.4

0.4
3.0
4.5
0

0
0
0.5
0

0
0

0.4
0

0
0
0.9

0
0
0

0.3
0.5

0
0

1.0 0
0.8 0

2.1
1.2

0
0
4.9
0
1.4
0.2
0
0.2

4.2
0.2

0
0
0.3
0
1.1
0
0
0

a  M  = main channel; S = side channel.
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Table 58. Sunmary of age 0 chinook densities and adult redd counts, Elk Creek, 1872-1885..

1872 173 41.1 26 .1 Stuehrenberg [1875]
1973 212 50.4 27 .0 Stuehrenberg [1875]

1975 108 25.7 10.0 Sekulich [1880]

1978 208 48.4 18.1 Konopacky [unpublished data]

1981 8 1.8 1.3 Bjornn [unpublished data]

1984
1985
1986

38 8.0 4.1 Petrosky and Holubetz [1985]
27 6.4 2.6 Table 57.
28 6.7 . . . . . .

88AOtBl  C6
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Y E A R  D E N S I T Y  E S T I M A T E D

Figure 24. Relat ionship of juvenile chinook density to the previous year's
redd count, Elk Creek, 1972-1985.
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Elk Creek
2A
28
1A
1B

M
M
M
M

2SA S
2SB S
1SA S
1SB S

North Fork Elk Creek
1A M
1B M

East Fork Elk Creek
2A M
2B M
1A M
1B M

West Fork Elk Creek
1A
1B

L i t t le  East  Fork
Elk Creek

1A
1B

Porter Creek
1A
1B

Bearskin Creek
4A
48
3A
3B
2A
2B
1A
1B

M
M

M
M

M
M

0
-

-
-
0
0

0
0

0
0

0
0

0.1
0
0.2
0.1

0
0
0
0

0
-

-
0
0

0.3
0

0.5
1.2

0.3
2.2

0
0
0
0.2
0
0.2
0.6
0

0
0
0.1
0.3

0
0
0
0

0
-

-
0
0

0
0.2

0
0

0
0

0
0
0
0
0
0
0
0

0
0
0
0

0
0
0
0

0
-

-
0
0

0
0

0
0

0
0

0.4
0.4
0
0
0
0
0
0

0.1
0
0
0

0
0
0
0

0.4

-
II
0
0

0
0

0
0

0
0

1.9
0
0.3
0
0
0
0
0

2.7 1.6
4.6 0.3
7.2 0.4
8.8 0.6

0
0
5.0

20.6

0
-

0
1.7

0.6
0.7

1.6
0.4

6.2
5.1

0
0
0
0
0
0
0
1.6

0
0
0
0

1.3
-

-
0
0

0
0

0
0

0
0

0
0
0
0
0
0
0
0

a  M  = main channel; S = side channel.
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nonpoint sources, both the proposed projects and subsequent evaluations
should address these problems on a streamwide basis.

Marsh Creek

Marsh Creek is  most  impor tant  as  a  product ion s t ream for  spr ing
chinook and, also, produces summer steelhead. P roduc t i on  o f  bo th
species is currently depressed by low spawning escapements.

Nonanadromous salmonids In Marsh Creek drainage include resident
ra i nbow  t r ou t ,  cu t t h roa t  t r ou t ,  bu l l  t r ou t ,  moun ta i n  wh i t e f i sh  (Ma l l e t
19741, and brook trout.

L ivestock graz ing in  r ipar ian zones has degraded aquat ic  habi ta t
throughout much of the meadow habitat of Marsh Creek and sane
t r i bu ta r i es . Stream banks have become unstable, and sediment loads
have increased due to grazing.

Definition of aquatic and riparian degradation problems in the
Marsh Creek drainage, as well as in the Bear Valley Creek and upper
Salmon River drainages, was initiated in 1985 through a BPA-funded
Inventory conducted by OEA Research Incorporated. The IDFG conducted
the  f i sh  dens i t y  su rvey in  con junc t i on  w i t h  t he  hab i t a t  i nven to ry .
Treatment recommendations for initiation of BPA projects will be
developed based on the inventory data.

Object Ives o f  t he  BPA inven to ry in  Marsh  Creek  d ra inage  a re :
( 1 )  d e f i n e  a n d  t r e a t  r i p a r i a n  a n d  a q u a t i c  h a b i t a t  p r o b l e m s  w h i c h
potentially limit anadromous fish production, and (2) restore wild
chinook and steelhead runs in Marsh Creek consistent with IDFG (1985)
Anadromous Fish Management Plan for Subbasin SA-5.

Anadromous Fish Management Considerations

Marsh Creek is  one of  the most  impor tant  spawning and rear ing
streams in the Middle Fork drainage. This stream is a nursery area for
f r y  and  f i nge r l i ng  t ha t  rea r  i n  t he  M idd le  Fo rk . The importance of
keeping Marsh Creek  aqua t i c  hab i t a t  i n  t he  bes t  poss ib l e  cond i t i on
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Figure 25. Location of reaches established in 1985 to define habitat
problems in the Marsh Creek drainage.
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cannot be over-stressed. Damage to riparian zones by livestock grazing
in  t he  pas t  has  reduced  t he  p roduc t i on  capab i l i t y  o f  pa r t s  o f  t h i s
stream; however, a major proport ion of Marsh Creek and i ts tr ibutaries
are excel lent salmon and steelhead habitat.

This drainage and other tributaries of the Middle Fork Salmon River
are managed for  w i ld  f ish . Idaho’s Anadromous Fish Management Plan
places prior i ty considerat ion of wi ld stocks of salmon and steel head.
Restorat ion of these wild f ish populat ions is important to meeting the
needs of treaty fisheries in Marsh Creek and the lower Columbia River.

Marsh Creek is one of the few streams in the state that has had
some juven i l e  p roduc t i on studies accomplished on it. Juveni le
production data can be correlated with spawning escapement data over
the last several years and examination of that data shows that juveni le
production is dependent upon adult spawning escapements. Marsh Creek
will be a good place to monitor impacts of future management.

1985 Habitat Problem Identi f icat ion

An Inventory to define habitat problems in the Marsh Creek
drainage, part icularly those related to land use and sedimentation, was
Initiated in 1985 by OEA Research Incorporated under a BPA contract.
Habitat project proposals will be formulated following the report on
the Inventory and treatment recommendations.

Project Evaluation

B9AD446BR 156



Marah Creek
6B
6A
5B
5A
4Bc

4A
3B
3A
2B
2A
1B
1A

5SB
5SA
4SB
4SA

Knapp Creek
4B
4A
3B
3A
2B
2A
1B
1A

Cape Horn Creek
4B
4A
3B
3A
2B
2A
1B
1A

M
M
M
M
M
M
M
M
M
M
M
M

S
S
S
S

M
M
M
M
M
M
M
M

M
M
M
M
M
M
M
M

0.5 1.7 146 81.3 8.7
1.5 5.4 567 48.3 51.7
1.5 10.7 663 54.4 45.6
1.5 11.2 1148 26.5 73.5
1.0 6.6 1808 36.8 61.2
1.5 8.6 848 40.8 56.8
1.5 8.8 821 41 .8 58.1
1.5 20.3 2067 8.3 90.7
2.5 22.7 21428 24.8 75.4
2.5 13.5 1682 21.1 78.8
2.5 17.7 1913 7.1 82.8
2.0 20.4 2004 19.6 80.4

1.0
0
0
0.5

1.5
1.0
2.0
2.0
1.0
1.0
1.5
1.1

2.0
2.0
1.5
1.0
1.0
1.5
1.5
1.5

5.1 430 76.0 22.0
4.5 403 100.0 0
1.3 117 100.0 0
4.6 461 100.0 0

4.4
5.3
5.0
5.7
5.7
7.6
5.1
5.7

363
826

685
764
506
572

47.1 54.8
65.1 34.8
38.8 68.1
42.8 57.1
42.0 58.0
42.8 57.1
63.1 36.8
45.0 55.0

3.4 265 21.3 76.1
4.2 293 32.7 67.3
3.8 382 32.4 67.6
5.4 433 45.6 54.4
7.5 643 21.4 76.6
6.6 663 16.0 84.0
8.5 688 17.5 82.5
7.5 532 25.5 74.5
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Table 60. Continued.

Winnemucca Creek
26
2A
18
IA

Beaver Cr as k
38
3A
26
2A
18
IA

M 2.0 4.3 371 58.7 41.3
M 1.5 5.2 333 78.8 23.2
M 1.5 5.7 455 48.3 51.7
M 1.5 4.8 455 80.2 39.8

M 1.0 10.0 1003
M 1.5 12.8 1362
M 1.5 17.0 1560
M 1.5 12.4 1203
M 1.0 13.3 1601
M 1.5 15.6 1560

48.5
18.3
42.8
47.7
44.6
28.4

51.5
61.7
57.1
52.3
55.4
71.6

a M = main channel; S = aide channel.

b Rated from “pool width and riffle width” across transects.

C Secti on 46 was initially numbered in 1884 as 1.
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Juven i l e  r a i nbow-s tee lhead . The  Marsh  Creek  d ra inage  was
under-seeded by steelhead in 1985 (Table 61). However, densities of
wild rainbow-steel head parr were h ighe r  t han  i n  t he  ad jacen t  Bea r
Valley Creek drainage and comparab le  to  dens i t ies  in  supplemented
streams in the Valley Creek and upper Salmon River drainages.

Juvenile chinook. Marsh Creek drainage was under-seeded by chinook
in 1985 (Table 611, but densit ies of age 0 chinook exceeded those in
the adjacent Bear Valley Creek drainage. During the period 1972-1985,
a g e  0  c h i n o o k  d e n s i t i e s  h a v e  c a r r e l  a t e d  s t r o n g l y  w i t h  t h e  a d u l t
spawning escapements the previous year (Table 62, Fig. 26). The lowest
mean density in 1981 (11.6/100 m2 followed the lowest redd count on
record; the highest mean densi ty  in  1974 (57,4/100 m 2  fo l lowed the
highest redd count on record since the mid-1960s.

Resident salmonids. Cu t t h roa t  t r ou t ,  b rook  t r ou t ,  bu l l  t r ou t ,  and
mountain whitef ish were observed in the drainage in 1985 (Table 63).
Brook t rout  were observed pr imar i ly  in  headwater  reaches;  cut throat
trout were mainly in the canyon reaches near the Middle Fork Salmon
River. Bull trout were scarce throughout most of the drainage.

Physical h a b i t a t . R e s u l t s  a n d  r e c o m m e n d a t i o n s  f r o m  t h e
aquat ic / r ipar ian habi ta t  inventory  wi l l  be repor ted by OEA Research
Incorporated. In general, stream banks In reaches of Marsh Creek that
were grazed by catt le were found to be very unstable. Deposit ion of
sediment Instream was less severe In a relative sense than In the Bear
Valley Creek/Elk Creek drainage (Fig. 33).

Future Evaluation and Recommendations

Specific evaluation approaches to BPA habitat projects in the Marsh
Creek dra inage s h o u l d  b e  f o r m u l a t e d  d u r i n g  t h e  d e v e l o p m e n t  o f
Implementation plans.

Sulphur Creek

Sulphur Creek is 31 km long and enters the Middle Fork Salmon River
151 km from the mouth (Fig. 27). Sulphur Creek lies entirely within
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Marsh Creek
6B
6A
5B
5A
4B
4A
3B
3A
2B
2A
1B
1A

5SB
5SA
4SB
4SA

Knapp Creek
48
4A
3B
3A
28
2A
1B
1A

Cape Horn Creek
48
4A
38
3A
28
2A
1B
1A

M
M
M
M
M
M
M
M
M
M
M
M

0 0 0
1.2 0 0
6.5 0 0

13.1 0.4 0.1
18.1 1.0 0.2
7.3 0.4 0.1
6.4 0.9 0.2

15.8 1.2 1.4
5.6 2.8 1.2
4.0 2.7 1.4
3.2 0.5 1.0
0.1 0.8 0.6

1.9
3.5

13.7
6.7

0
0
-
-
0.6
0
2.8
3.8

0
0
0
0
0
0
0.2
1.1

0
0
0
0

0.3
0
-

0.3
0.1
5.9
0.5

0
0
0
0.2
0
0
0
0

0
0
0
0

0.3
0

1
0.3
0
0.4
0.2

0.4
0
0.5
0.5
0.2
0
0.1
0

0
0
0
0
0.1
0
0
0.2
0
0.1
0.1
0.2

0
0
0
0

0
0
-

0
0
0
0.4

0
0
0.2
0
0
0
0
0

0 0
9.7 1 . 8

26.7 0.5
35.7 0.8
22.2 0.1
25.1 0.1
10.3 0.3
14.1 0.6
9.9 0.2
5.6 0.2

10.6 0.1
5.4 +

34.6 0.5
10.4 0
0.1 0
0 0

0
0
-

0
0
-

0.4 0
0.1 0

20.8 1.4
23.6 0.2

0 0
0 0
0 0
0 0

49.0 0.8
10.7 0.1
34.7 1.6
25.2 1.3
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Winnemucca Creek
28
2A
1B
1A

M 8.6 0.3 0 0 0 0
M 6.3 0 0 0 0 0
M 2.6 0.9 0.4 0.2 0 0
M 3.3 1.1 0 0 0 0.2

Beaver Creek
3B
3A
28
2A
1B
1A

M 0.3 0.8 0.4 0 10.8 0.2
M 8.8 0.9 0.4 0 7.1 0.3
M 1.4 0.4 0.4 0 21.7 0.3
M 1.2 1.1 0.3 0 21.7 0.5
M 4.4 1.1 0.5 0 27.4 0.2
M 1.6 1.0 0.3 0 12.9 0.1

a  M  = main channel; S = side channel.
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1972 234 87.3 31.7 Stuehrenberg (1975)

1974 351 131.0
1975 155 57.9
1976 139 51.9

57.4 Sekulich (1980)
31.6 Sekulich (1980)
49.7 Sekulich (1980)

1979 154 57.5 39.9 Konopecky (unpublished data]

1981 7 2.6 11.6 Bjornn, (unpublished data)

1983 38 14.2 21.9 USFWS data [Petrosky and
Holubetz 1986]

1984 19 7.1
1985 36 13.4
1986 78 29.1

17.9 Petrosky and Holubetz (1985)
20.9 Table 61.

162



Y E A R  D E N S I T Y  E S T I M A T E D

Figure 26. Relat ionship of juvenile chinook density to the previous year's
redd count, Marsh and Knapp creeks, 1972-85.

163



Table 63. Density (number/100m2) by age-group of cutthroat trout, brook
trout, bull trout, and whitefish in Marsh Creek and tributaries,
August 7-22, 1985.

Marsh Creek
6B
6A
58
5A
48
4A
38
3A
28
2A
1B
1A

5SB
5SA
4SB
4SA

Knapp Creek
4B
4A
3B
3A
2B
2A
1B
1A

Cape Horn Creek
4B
4A
38
3A
28
2A
1B
1A

M
M
M
M
M
M
M
M
M
M
M
M

0 11.5 12.8
0 11.6 18.7
0 2.0 2.9
0 1.0 2.0
0.1 5.1 1.6
0 0.1 0.4
0 0 0
0 + 0.2
0.1 0 0.1
0.2 0 0.1
0.4 0 0.1
0.4 0 0

0
0

37.9
0
3.4
0

0
0.2

0.1
0
0.4
0.2

0
0
0
0
0
0
0
0

0.2
0.5
0.9
0

1.1
0.8

4.4
2.5
5.9
6.8

0
0
0.3
0
0
0.1
0.7
0

0
0
0
0
0
0
0
0
0
0
0
0

0
0
0
0

0
0

0
0
0
0

0.4
0
0
0
0
0
0
0

0 0 0
0 0 0
0 1.7 0.3
0 3.3 1.1
0.1 8.8 1.5
0 5.2 0.5
0 1.2 0.5
+ + 2.4
0 + 1.2
0 0.1 2.1
0 1.0 2.5
0 1.5 3.9

0
0
0
0

0
0
I

0
0
0
0.5

1.9
2.4
1.0
0.2
0
0
0
0

0.2
0
0
0

0
0
-

0
0
0
0

0
0
0
0
0
0
0
0

0
0
0
0

0
0
-
-
0
0
0
0

0
0
0
0.2
0
0
0
0
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Table 63. Continued.

Winnemucca Creek
2B M 0 0 0.3 0 0 0 0
2A M 0 0 0 0 0 0 0
1B M 0 0 0 0 0.2 0 0
1A M 0 0 0.4 0 0 0 0

Beaver Creek
3B
3A
28
2A
1B
1A

M 0 0 0.1 0 0.2 0 0
M 0 0 0.1 0 0 0 0.1
M 0 0.1 1.1 0 0.8 0.1 0
M 0 0.2 1.2 0 0.4 0.3 0.1
M 0 0.3 1.1 0 0 0 0.2
M 0 0.1 0 0 0 0 0.1

a  M  = main channel; S = side channel.
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Figure 27. Location of establ ished monitor ing sect ions in the control
stream Sulphur Creek.
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the Frank Church River of No Return Wilderness Area and is accessible
only by trail or by an airstrip at Parker Ranch. Most of the meadow
habitat in Sulphur Creek is essentially pristine.

Spring chinook and summer steelhead runs in Sulphur Creek have gone
through the same declines seen in other Idaho streams; in the reach
established to count chinook redds, no redds or adult chinook were seen
in 1984. The depressed anadromous fish populations in Sulphur Creek
reflect the escapement problems associated with migration mortality on
the Cot umbra and lower Snake rivers and overfishing more clearly than
in streams with obvious habitat problems.

Nonanadromous salmonids reported in Sulphur Creek are rainbow
trout, cutthroat trout, and mountain whitefish (Mallet 1974).
Apparent1 y, brook trout have not become established.

No BPA-funded projects are slated for Sulphur Creek. However, its
high-quality habitat and the established chinook spawning ground counts
make Sulphur Creek a good "control" stream for comparison with other
degraded Middle Fork and upper Salmon River tributary streams which
will have BPA projects.

Objectives of BPA surveys in Sulphur Creek are: (1) expand the
data base into pristine habitat to help determine fish responses to
measured habitat changes in BPA project areas, and (2) monitor
anadromous fish populations through a period of restoration of wild
runs.

Anadromous Fish Management Considerations

Sulphur Creek is exclusively managed for wild populations of
chinook salmon and steel head. Al though the chinook population at th is
time is at a very low level, the spawning escapements and densities of
chinook parr have steadily increased over the last several years,
similar to populations of wild chinook in Middle Fork Salmon River
tributaries other than Bear Valley Creek and El k Creek.

Both riparian and aquatic habitats are in excel lent condition i n
th is moderate-to- low gradient stream. By comparing response of
increasing escapements in this stream to response observed in similar
streams that have been degraded by grazing and timber management,
considerable insight should be gained on the relative impact of the
factors that are adversely affecting anadromous fish production.

Project Evaluation

Evaluation status. Habitat and fish population data from Sulphur
Creek will be incorporated as a set of control sections into the data
base for BPA projects in the upper Middle Fork and upper Salmon
rivers. The data will be used at the general monitoring level and at
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evaluation levels which require est imation of f ish responses based on
measured physical habitat changes. Through 1985, two moni tor ing
sections had been established and sampled (Table 64, Appendix A-16).

The IDFG established a single section in Sulphur Creek in 1984. No
rainbow-steelhead were observed that year, and chinook densit ies were
low (Petrosky and Holubetz 1985). An additional monitoring section was
added in 1985.

The  IDFG w i l l  co l l ec t  r i pa r i an  co r r i do r  and  aqua t i c  hab i t a t  da ta
throughout Sulphur Creek in 1986 in a manner compatible with the 1985
problem- ident i f icat ion inventory  o f  the upper  Midd le  Fork  and upper
Salmon r ivers . Tentat ive ly , f i v e  r e a c h e s  w i l l b e  d e f i n e d  w i t h
two aquat ic  sect ions in  each reach; t h e  e n t i r e  r i p a r i a n  c o r r i d o r  o f
l ow-g rad ien t  r eaches  w i l l  be  i nven to r i ed . F i s h  d e n s i t i e s  w i l l  b e
estimated for each defined section in 1986.

Juveni le rainbow-steelhead. Sulphur Creek was under-seeded by
steelhead in 1985 (Table 65). NO rainbow-steelhead were observed in
the 1984 survey (Appendix A-16)

Juveni le chinook. Sulphur Creek was also under-seeded by chinook
in 1985 (Table 65). Density in Section 1 doubled from the 1984 level
(Appendix A-16).

Res ident  sa lmonids. C u t t h r o a t  t r o u t  a n d  j u v e n i l e  m o u n t a i n
whitefish were the only resident salmonids observed in Sulphur Creek in
1985 (Table 66).

Physical hab i ta t . H a b i t a t  i n  S u l p h u r C r e e k  i s  e s s e n t i a l l y
p r i s t i ne . The established sections are low gradient (0.600.8%) and the
subs t ra te  su r f ace  con ta i ned  abou t  30% g ran i t i c  sand  (Tab le  67 ) .  A
greater variety of stream gradients wi l l  be incorporated into the 1986
survey which wi l l  bet ter  def ine natura l  leve ls  o f  sed iment  depos i t ion
in Sulphur Creek for comparison with the Bear Valley Creek, Elk Creek,
Marsh Creek, Valley Creek, and upper Salmon River drainages.

Future Evaluation and Recommendations
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Table 64. Sections sampled in Sulphur Creek, July 25, 1985.

Section

% Habitat Type
% Section pool, pocket

gradient width(m)
Section
area(m2) run r i f f l e water

1 0.6 10.7 2146 71.4 28.6 0

2 0.8 10.8 1604 70.0 29.2 0
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1 16.2 0.8 0.2 0 18.1 0.4

2 1.4 0 0 0 0.1 0
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Camas Creek

Camas Creek supported sizable summer steel head and chinook runs
before the 1970s. Gebha rds  (1959 )  es t ima ted  t ha t  t he  po ten t i a l
capacity of the stream exceeded 5,200 chinook females. Both steel head
and chinook spawn and rear i n  t he  ma in  s tem and  t r i bu ta r i es . The
stream at Meyer’s Cove is an important spawning area for both species.

Resident salmonids in Camas Creek include rainbow trout, cutthroat
trout, bul l  trout,  and mountain whitef ish (Mallet 1974).

The Camas Creek project was in the feasibility and planning phase
in 1984-1985. Object ives o f  the pro jec t  are  (1)  improve r ipar ian and
ins t ream cond i t i ons  t o  i nc rease  spawn ing  and  rea r i ng  po ten t i a l  f o r
steel head and chinook, and (2) restore wild steelhead and chinook runs
In Camas Creek consistent with IDFG (1985) Anadromous Fish Management
Plan for Subbasin SAT5.

Anadromous Fish Management Considerations

Camas Creek, as other tributaries of the Middle Fork Salmon River,
is being managed exclusively for the product ion o f  w i ld  sa lmon and
steelhead. Camas Creek is a productive stream that has historical ly
produced large numbers of salmon and steel head. Portions of the stream
have been severely degraded by overgrazing, mining, dams, and channel
re locat ion. Per iod ica l ly , r o c k  a n d  d e b r i s  b a r r i e r s  h a v e  p a r t i a l l y
blocked access into the upper portions of the drainage. Camas Creek is
considered to be one of the more important spawning and rearing streams
in the Middle Fork Salmon River drainage.
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L O O N  C R E E K

M I L E S

Figure 28. Location of the Meyers Cove habitat enhancement project
and established monitoring sections on Camas Creek and the
control stream Loon Creek.
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1984-1985 Project Feasibility and Design

Through 1985, the  Camas  Creek  p ro jec t  was  i n  a  f eas ib i l i t y  and
design phase (May and Rose 1986). This relatively small-scale project
will be jointly funded by BPA and USFS and enhance the degraded portion
o f  an  o the rw i se  h igh -qua l i t y  s t r eam. Enhancement  ac t iv i t ies  w i l l
include fencing of r i pa r i an zones, revegetat ion, seeding, bank
stabilization, and a small number of boulder placements.

Project Evaluation

Evaluation status. Two basic levels of evaluation are planned for
the Camas Creek project: general monitoring and evaluations based on
standing crops and measured habitat change. Through 1985, monitoring
sections have been established and sampled pretreatment (Table 68).

The IDFG evaluation of the BPA project in Camas Creek began in 1984
as pretreatment monitoring of anadromous fish densities in two sections
(Petrosky and Holubetz 1985). Camas Creek was under-seeded by
steelhead and chinook in 1984.

ln 1985, we added one monitoring section in Camas Creek and a set
o f  th ree moni tor ing sect ions in  a  s imi lar  but  pr is t ine cont ro l  s t ream
(Loon Creek). Loon Creek was added into the monitoring because we
e x p e c t  t h e  b e n e f i t s  o f  t h e  C a m a s  C r e e k  p r o j e c t  t o  b e  s u b t l e  a n d
difficult to separate f rom the e f fec ts  o f  increas ing escapements .
Habi ta t  condi t ions in  Loon Creek are expected to  remain "constant , "
while habitat in Camas Creek improves. One monitoring section each in
Camas Creek (CAM-1) and Loon Creek (LNM-1) had been sampled previously
by Thurow (1985).

Juvenile rainbow-steelhead. Both the project area in Camas Creek
and Loon Creek were under-seeded by steel head in 1985 (Table 69). Fry
densities were moderately high;
density of 16.8 parr/100 m2 .

however, and Section CAM-1 supported a
Densities of rainbow-steel head fry have

increased substant ia l ly in Camas Creek since 1983 (Petrosky and
Holubetz 1985).
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Table 68, Sections sampled in Camas Creek and Loon Creek (control stream),
August 28-30, 1985.

Stream,
section

% Habitat Type
% Section pool, pocket

gradient width(m)
Section
area(m2) run r i f f l e water

Camas Creek
1 1.1 18.0 3948 66.7 33.3 0

2 1.0 14.7 1468 100.0 0 0

CAM-1 1.5 10.6 382 16.7 16.7 66.7

Loon Creek
1 16.1 645 -

2 0.9 13.9 1738 - I -

LNM-1 1.4 18.4 606 -
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Table 69. Density (number/100m2) by age-group of rainbow-steelhead
and chinook in Camas Creek and Loon Creek (control stream),
August 28-30, 1985.

Camas Creek
1 17.2 1.6 0.3 + 3.0 0

2 20.1 0.9 0 0.1 3.6 0

CAM-1 6.3 7.9 3.7 5.2 2.1 0.3

Loon Creek .
1 15.8 1.7 0 0 3.3 0

2 7.1 1.4 0 0 3.3 0.1

LNM-1 21.3 0.2 0 0 _ 1.7 0
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Juvenile chinook. Densities of age 0 chinook were uniformly low in
Camas Creek and Loon Creek sections in 1985 (Table 69). Spawning
escapements in  both  s t reams remain a t  about  10% of  the 1960-1969
average.

Resident salmonids. C u t t h r o a t  t r o u t ,  b u l l  t r o u t ,  a n d  m o u n t a i n
whi te f ish  were observed in Camas Creek and Loon Creek in 1985
(Table 70). Thurow (1985) considered Loon Creek to be one of the major
production areas of cutthroat trout for the middle Fork Salmon River.
Unlike most Middle Fork Salmon River tr ibutaries, Camas Creek has an
abundant population of resident rainbow trout.

Future Evaluation and Recommendations

SOUTH FORK SALMON RIVER

Main Stem South Fork Salmon River
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Camas Creek
1 0 0 + 1.0 0.5

2 0.1 0 0 0.3 0.4

CAM-1 0.3 0 0 0.3 0.8

Loon meek
1 0.3 0 0 0 3.1

2 0.6 0 0 2.6 1.6

LNM-1 0.3 0 0 0 1.5
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I.

Figure 29. Location of passage projects on Six Bit Creek and Dollar
Creek and established monitoring sections on the upper
South Fork Salmon River.
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Erosion severely affected runs of summer steelhead and summer
chinook in the South Fork Salmon River (Platts and Partridge 1978).
The summer chinook run, historically Idaho’s largest salmon run, began
to decline before migration mortality at Columbia and Snake River dams
reduced other stocks in the 1970s (Fig. 30). During the early 1970s
(1971, 1972, and 19741, when escapements were only about 20% of earlier
levels, age 0 chinook densities in South Fork tributaries ranged from
about 1 to 40/100 m2 (Platts and Partridge 1978). A further reduction
in adult chinook returns occurred in 1974 which paralleled declines in
other Idaho production streams. Since 1980, IDFG has trapped adult
chinook for spawntaking and reared juveniles at McCall Hatchery for
their release back into the South Fork as smolts. Sockeye salmon
reportedIy once used the drainage but have not been seen during
extensive spawning ground surveys since 1955 (Mallet 1974).

Nonanadromous salmonids native to the South Fork Salmon River
drainage include cutthroat trout, bull trout, and mountain whitefish
(Platts and Megahan 1975). Brook trout have become established widely
throughout the drainage.

Habitat conditions in the South Fork Salmon River improved
moderately since sediment production from surface erosion declined and
sediment was transported from the system (Platts and Megahan 1975).
Largely responsible for the decreasing erosion rates was a moratorium
placed on Iogging and road construction in the mid-1960s. However,
another mass erosion event occurred in 1984.

No BPA-funded habitat enhancement project is planned currently for
the main stem South Fork Salmon River. The established spawning ground
surveys for summer chinook, a management direction which includes
supplementation of summer chinook, and ongoing USFS studies of
sedimentation make the upper portions of the South Fork a good
"control" stream from which to compare success of summer chinook
introductions into upper Johnson Creek.

A relatively small-scale BPA project is planned for 1986 on Dollar
Creek and Six Bit Creek. Natural debris jams which block passage of
adult steel head will be selectively treated to improve passage. The
barrier removals may also aid adult chinook passage; however, neither
tributary is considered to be prime chinook habitat.

Objectives of BPA surveys and barrier removal projects in the South
Fork Salmon River drainage are: (1) establish a control set of data in
the Stolle Meadows vicinity to aid evaluation of success of summer
chinook introductions into Johnson Creek, (2) improve passage
conditions for adult wild steelhead in tributaries, and (3) restore
wild steelhead and natural summer chinook runs in the South Fork Salmon
River drainage consistent with IDFG (1985) Anadromous Fish Management
Plan for Subbasin SA-3.
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Anadromous Fish Management Considerations

The South Fork Salmon River is being managed for wild populations
of steelhead and a combination of hatchery and natural summer chinook
salmon. The restoration of the aquatic habitat is the primary
consideration in this highly sedimented stream. Land management
constraints have been implemented to aid the restoration of this
stream. The South Fork Salmon River is the most important summer
chinook salmon stream in Idaho.

The BPA habitat enhancement will play a minor role in this stream.
Return of adults from smolt releases from McCall Hatchery to the upper
portion of the drainage should bring the natural production habitat to
full seeding in the very near future. Sane fishing opportunities for
salmon may be possible in the next several years in this stream.

The majority of the salmon production occurs in the main stem of
the South Fork with significant steelhead production occurring in both
the main stem and tributaries.

The BPA habitat enhancement will not be considered in lieu of
responsible land management that will allow the aquatic habitat to
recover to a productive state.

1984-1985 Passage Project Feasibility

Debris jams which potentially block passage of adult steel head and
chinook to the tributaries Dollar Creek, Six Bit Creek, and Curtis
Creek were inventoried in 1984-1985 and plans were developed to
selectively modify barriers on Dollar Creek and Six Bit Creek
(D. Newberry, USFS Cascade Ranger District, personal communication).
The projects were delayed in 1984 by environmental concerns over stored
sediment which could be released if a major debris removal occurred.
Projects were delayed in 1985 by work restrictions and lack of crew
during an extended period of high fire danger.

Project Evaluation

Evaluation status. Habitat and fish population data from Stolle
Meadows sections will be collected to complement evaluation of summer
chinook introductions into upper Johnson Creek. Two levels of
evaluation are planned for trIbutary  passage projects: general
monitoring and an evaluation based on standing crops. Because the
debris jams are probably only partial barriers to steelhead, a fraction
of standing crops at full seeding should be used to estimate project
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benefits. This fraction will be developed based on pretreatment
surveys in 1986. Through 1985, only the monitoring sections in Stolle
Meadows have been established and sampled (Table 71, Appendix A-18).

The IDFG established a single monitoring section In the Stolle
Meadows area of the South Fork Salmon River in 1984; an additional
monitoring section was added in 1985. General monitoring sections will
be added in 1986 in Dollar Creek and Six Bit Creek.

Juvenile rainbow-steelhead. The upper South Fork Salmon
River was under-seeded by wild steelhead in 1984 and 1985
(Table 72, Appendix A-18). The low rainbow-steel head densities in the
upper South Fork were similar to those recorded in meadow habitat in
upper Johnson Creek in 1984-1985.

Juvenile chinook. Densities of age 0 chinook i n  t h e
upper South Fork varied considerably between 1984 and 1985
(Table 72, Appendix A-18).
(75/100 m2) partially

The high density in Section 1 in 1985
reflected the release of 50,000 f ry

(149 fish/pound) into Stolle Meadows on July 5. Large numbers of these
fish were not represented in Section 2, about 2 km downstream.

Resident Salmonids. Brook trout, bull trout, and mountain
whitefish were observed in the South Fork sections in 1985 (Table 73).

Physical habitat. Through 1985, the complete set of habitat
variables has not been measured in South Fork monitoring sections.

Future Evaluation and Recommendations

Future project evaluation for South Fork tributary barrier removals
requires a determination of whether improved passage was actually
attained and standing crop estimates at full seeding of juvenile
steel head and chinook. Because these are fairly small projects on
small tributaries, evaluation of monitoring should be kept at a low
level. Improvements in passage to adults can be monitored indirectly
through juvenile density trends. Estimates of standing crops should be
based on a stratified sampling design at full seeding.

Monitoring sections in Stolle Meadows should continue to be sampled
annually to aid evaluation of the Johnson Creek project. Summer
chinook densities in Stolle Meadows will be at full seeding sooner than
in Johnson Creek because the management direction in the main stem
South Fork is for continued supplementation of chinook.

Johnson Creek

Johnson Creek is 51 km long and enters the East Fork of the South
Fork Salmon River from the mouth (Fig. 31). Johnson Creek flows
through the Idaho batholith. The steep slopes of the watershed are
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Table 71. Sec t i ons  samp led  i n  uppe r  Sou th  Fo rk  Sa lmon  R i ve r  a t  S to l l e
Meadows, July 22, 1985.

1 - 9.6 1765 61.9 38.1 0

2 - 12.0 1565 86.7 13.3 0
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1 5.0 0.6 0.3 0.2 75.0 0.5

2 8.2 0 0 0 7.5 0
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Section

1 0 0 0.2 0 0.2 2.2 1.3

2 0 0 0 0 0 0.4 0
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BARRIERS
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I
HABITAT TYPES

Figure 31. Location of 1984-85 barrier removal project on Johnson
Creek and established monitoring sections.
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extremely vulnerable to erosion from land-d is turb ing a c t i v i t i e s .
HOwever, the Johnson Creek watershed has been less disturbed than many
other parts of the South Fork Salmon River drainage. Gradient  in  the
lower 45 km of Johnson Creek alternates between moderate and steep.
The headwaters is In a flat, high-elevation basin containing about
32  km o f  mode ra te - t o -h igh  qua l i t y  spawn ing  and  rea r i ng  hab i t a t .  A
series of three barriers downstream from the mouth of Trout Creek and
another barrier between Halfway Creek and Ditch Creek prevented adult
ch inook f rom seeding th is  hab i ta t  in  most  years . A l l  ba r r i e r s  we re
caused by natural rock slides combined with high stream gradient and
consisted of large boulders that had fallen into the stream.

Johnson Creek suppor ts  runs o f  summer s tee lhead and summer
chinook. Adul t  s tee lhead apparent ly  can pass these barr iers  dur ing
most flows but the upper basin produces few juvenile steelhead. Adul t
chinook are blocked from the upper drainage during low flows of late
summer. In most years, chinook spawning and rearing is restr icted to
the lower end of Johnson Creek. Known passage by adult chinook to the
upper meadow prior to the project consists of seine samples of juvenile
chinook near Rock Creek In 1976 and observations of a single chinook
redd near Rock Creek in 1983 and five chinook redds in the upper meadow
in 1960 (Petrosky and Holubetz 1985). A sheepherder also reported that
salmon were very numerous in Sand Creek in the early 1930s.

Resident salmonids of Johnson Creek Include rainbow trout, bull
trout, brook trout, and mountain whitef ish (Mallet 1974) and cutthroat
t r ou t . Brook trout dominate the fish community in the upper meadow.

The upper basin of Johnson week has received less development than
many other South Fork Salmon River watersheds. Roads follow the entire
main s tem of  Johnson Creek and sane of  the upper  t r ibutar ies  (e .g . ,
Sand Creek, Whiskey Creek, and lower Rock Creek). Livestock grazing
has degraded r i p a r i a n  h a b i t a t  i n  p a r t s  o f  t h e  u p p e r  b a s i n .
Sedimentation is high in parts of the upper basin.

Objectives of t h e  B P A - f u n d e d  p r o j e c t  i n  J o h n s o n  C r e e k  a r e :
(1) modify the natural barr iers to al low passage by adult chinook into
the upper basin, (2) establish summer chinook in habitat made available
by the barrier removal project, (3) improve passage conditions for wild
s tee lhead, ( 4 )  i n c r e a s e  n a t u r a l  p r o d u c t i o n  o f  a n a d r o m o u s  f i s h
cons is tent  w i th  IDFG (1985)  Anadromous Fish Management Plan for
Subbasin SA-3.

Anadromous Fish Management Considerations

Johnson Creek produces wild summer chinook salmon and steel head
trout in the Iower reaches and with the completion of the barrier
removal project will produce wiId salmon and steelhead in the upper
port ions of the drainage. South Fork stock of summer chinook is being

B9AD446BR

189



used to establish the chinook population in upper Johnson Creek. The
Johnson Creek stock of wild steel head will be used to buiId steelhead
populations in upper Johnson Creek.

Sediment  leve ls  are  h igh in the lower gradient areas of upper
Johnson Creek. Land management activity should be directed to minimize
the  add i t i on  o f  sed imen t  t o  t he  Johnson  C reek  sys tem. W i t h  t h e
exception of the sediment problem, Johnson Creek contains a diversity
of high quality habitats and will produce large numbers of salmon and
steelhead at full seeding.

.

The Barrier Removal pro jec t  is  be ing des igned to  accommodate
passage of summer ch inook sa lmon at  moderate- to- low f lows. The
Improvement will not accommodate passage of salmon at high flows. Sane
improvement in passage condit ions for adult  wi ld steel head wil l  also
occur as a result  of this project.

Chinook salmon and steelhead redd counts in the Iower part of
Johnson Creek have shown an improving trend in recent years.

1984-1985 Barrier Removal Project

The Johnson Creek Barr ier  Removal  pro ject  was p lanned for  la te
August or September 1984. Problems with completing the environmental
assessment delayed IDFG action on the project until October 1984.

During October 1984, IDFG personnel a n d  a  c o n s u l t i n g  f i s h e r i e s
engineer  modi f  led the barr iers . individual rocks were selectively
dri l led and blasted to create lower over-pours, deeper jumping pools,
and escape avenues above the falls (Fisher 1984). Ice and snow during
this period caused some of the 1984 work to be extremely difficult.

The planned work on barrier removal was completed in 1985. The
barriers appeared passable to adult chinook at low flows in late summer
1985, and Welsh (personal communication) reported a single false redd
in the Landmark vicinity.

The barriers should be observed at several flow conditions in 1986
before concluding that passage is assured.

Project Evaluation

Evaluation status. Two basic levels of evaluation are planned for
the Johnson Creek Barrier Removal project: general monitoring and
evaluations based on standing crops. Through 1985, monitoring sections
have been established and sampled. The standing crop evaluations are
underway to determine success of summer chinook Introductions Into the
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drainage above the barr iers. Th is  por t ion o f  the eva luat ion is  be ing
conducted by T. Welsh (Cooperative Fish and Wildlife Research Unit,
University of Idaho) through IDFG subcontract (Table 74).

Because the barr iers  were essent ia l ly  a  complete  b lock to  adul t
chinook passage, the entire standing crop of juveni le chinook above the
b a r r i e r s  a t  f u l l  s e e d i n g  c a n be used to determine benefits for
m i t i ga t i on . Benef i ts  f rom downst ream dr i f t  o f  juven i le  ch inook in to
the canyon below the barriers may also be definable in Johnson Creek.
In the 1984 pretreatment survey, we observed no juveni le chinook or
substant ia l  accumulat ions o f  spawning grave l i n  t h e  a r e a  f r o m  t h e
barr iers  down to  Di tch Creek v ic in i ty ; seeding o f  th is  rear ing habi ta t
in the future will likely depend on the contribution of chinook fry
or ig inat ing above the barr iers . We anticipate no definable mit igat ion
benefi t  for steel head from the project because adult  steelhead could
pass before project implementation.

The IDFG evaluation of the Johnson Creek project began in 1984 as a
p re t rea tmen t  su rvey  o f  f i sh  d i s t r i bu t i on  and  dens i t y  i n  t he  d ra inage
above  and  be law  the  ba r r i e r s . Rainbow-steel head were present in
moderate densities in pocket water habitat above and below the barriers
(Petrosky and Holubetz 1985). Juvenile chinook were present only in
the lower third of Johnson Creek during the pretreatment survey.

Juveni le rainbow-steelhead. Johnson Creek was under-seeded by
steelhead. Rainbow-steelhead parr were present in low densities in the
upper meadow in 1984 and 1985 (Table 75, Appendix A-19).

Juveni le chinook. No age 0 ch inook were observed above the
b a r r i e r s  e i t h e r in 1984 or in 1985 prior to fish introductions
(T. Welsh, personal communication). T h e  f i r s t  i n t r o d u c t i o n s  o f
j uven i l e summer ch inook  (Sou th  Fo rk  Sa lmon  R ive r  s tock , M&al I
Hatchery) into upper Johnson Creek occurred in 1985. The small number
released (25,000) resulted in the low densities observed in monitoring
s e c t i o n s  ( T a b l e  7 5 ) . A  c o m b i n a t i o n  o f  a  l a t e  r e l e a s e  d a t e
(August 2-3 and large size at release (87 fish/pound )) were probably
ma jo r  f ac to r s i n  t he  h i gh  deg ree  o f  d i spe rsa l  obse rved  (T .  We l sh ,
personal communication).

Resident salmonids. The upper Johnson Creek drainage supports a
s i zab le  b rook  t r ou t  popu la t i on . No other resident Salmonids were
observed above the barr iers in 1985 (Table 76). In 1984 a few bull
trout and cutthroat trout were also observed; mountain whitef ish were
present only below the barriers (Petrosky and Holubetz 1985).

Physical habitat. Physical habitat variables were measured in al l
sect ions in  1984, but  the data  set  d id  not  inc lude measurements  o f
g rad ien t . Depos i t i on of sand in upper Johnson  Creek  va r i ed
considerably by location (Petrosky and Holubetz 1985). Percent
subst ra te  compos i t ion  as sand was highest i n  s e c t i o n s  i n  T y n d a l l
Meadows (average 82.5%) and Boulder Creek (63.1%), intermediate in the
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reach from Boulder Creek to Landmark (35.8%)) and lowest in sections in
Rock Creek (28.9%) and Sand Creek (25.1%). Grad ient  in  the sect ions
will be measured in 1986 to make substrate composition data comparable
to data in other stream systems.

Future Evaluation and Recommendations

The barriers should be examined at various flow levels to determine
If additional work is necessary to provide safe passage.

Future pro jec t  eva luat ion for  mi t igat ion requ i res a  determinat ion
of whether improved passage was actual ly attained and standing crop
est imates o f  juven i le  summer ch inook a t  fu l l  seed ing. Observations
should be made at the barr iers as adult chinook begin to return from
i n i t i a l introductions. When  adu l t  ch inook  f i r s t  r e tu rn ,  an  annua l
spawning ground survey should be initiated above the barriers.

U n b i a s e d  e s t i m a t e s  o f  s t a n d i n g  c r o p s  c a n  b e  c a l c u l a t e d  f r o m
dens i t i es  i n  s t r eam sec t i ons  w i t h  app l i ca t i on  o f  e i t he r  a  s t r a t i f i ed ,
random or systematic s t r a t i f i ed  samp l i ng  des ign (Schea f f e r  e t  a l .
1979). Strata should be those same reaches defined in 1984 for Johnson
Creek and upper tributaries. The pocket water reach below the barriers
should be included to help define extra benefits of downstream rearing
habitat made avai lable to juveni le chinook by al lowing adults access to
upstream spawning habitat,

A complete s e t  o f  p h y s i c a l hab i t a t  measu remen ts  w i l l  no t  be
necessary to est imate benefi ts for the Johnson Creek barr ier project.
However, these data should be collected as part of an overall data base
for comparison of fish population responses between streams.

LITTLE SALMON RIVER

Boulder Creek

Boulder Creek, 26 km Iong, enters the Little Salmon River at river
kilometer 16 (Fig. 32). About 6 km above the mouth of Boulder Creek, a
2.7-m high, natural rock fall usually blocked upstream passage by adult
chinook.

Boulder Creek presently supports spawning and rearing of summer
steel head and spring chinook. Stee lhead apparent ly  cou ld  pass the
fa l I s ;  bu t  p r i o r  t o  ba r r i e r  r emova l , chinook could not pass the fal ls
every year. Habitat in the 20 km above the barrier is moderately high
quality and should support considerable numbers of juvenile chinook.

Nonanadromous salmonids present In Boulder Creek include rainbow
trout, bul l  trout, brook trout, and mountain whitef ish (Mallet 1974).
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Figure 32. Location of 1985 barrier removal project on Boulder Creek
and established monitoring sections.
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A BPA-funded project was implemented in 1985 to modify the falls to
allcu  passage of adult chinook under all flow condftions. This IDFG
project used exploslves  to lower the height of the falls by removing
por t ions o f  the so l id  gran i te  s i l l  to  prov ide a  "s ta i r  stepplng"  o f  two
drops of about 1.2 to 1.5 m with adequate jumping pools below each
drop.

Ob jec t i ves  o f  t he  p ro j ec t  a re : (1)  prov ide assured access for
chinook to the upper 20 km of Boulder Creek, (2) introduce spring
chinook of suitable stock above the barr iers, and (3) increase natural
production of  ch inook cons is tent  w i th  IDFG (1985)  Anadromous F ish
Management Plan for Subbasin SA-1.

Anadromous Fish Management Considerations

Boulder Creek is a high-gradient stream that has some simliarity to
Rapid River. Sane degradation of the watershed has occurred from
Iogging and roading. A major  d ivers ion (Yant is  Di tch)  in  the upper
p a r t  o f  t h e  w a t e r s h e d  d i v e r t s  a l l of the flow at that point from
Boulder Creek drainage into the Weiser River drainage during part of
the summer low-flow period. Despi te  the habi ta t  prob lems,  Boulder
Creek has a good potential for salmon and steelhead rearing.

With modification of the waterfall to allow upstream passage of
adult salmon in every year, the upper port ion of the drainage should
cont r ibute s i gn i f i can t Increases in the chinook salmon production.
Sane straying of Rapid River adults has been noted in previous years.
Also, steelhead smolts that were stocked in the Little Salmon River
near the mouth of Hazard Creek ascended Boulder Creek as far upstream
as the barrier and resided in Boulder Creek in large numbers throughout
the summer. Chinook fry from Rapid River Hatchery wil l  be stocked in
the  uppe r  po r t i on  o f  Bou lde r  C reek  ove r  t he  nex t  seve ra l  yea rs  t o
establish the population of chinook salmon above the barrier.

1985 Barrier Removal Project

In September 1985, IDFG engineering and fisheries personnel began
the blasting project on the Boulder Creek barrier. The  rock  s i l l  on
the left bank was lowered about 1 m, and a jumping pool was created at
t he  new  s i l l . Rock  deb r i s  pa r t i a l l y  f i l l ed  t he  l ower  Jump ing  poo l .
This debris was expected to flush out during spring runoff.

The barrier may be  passab le  t o  adu l t  ch i nook  a t  t h i s  t ime  bu t
requires further observation at high and low flows.
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Project Evaluation

Evaluation status. Two basic levels of evaluation are planned for
the Boulder  Creek Barr ier  Removal  pro ject : general monitoring and
evaluations based on standing crops. Through 1985, monitoring sections
have been established and sampled (Table 77) and the sampling approach
for standing crop evaluations has been established. T h e  f i r s t
post-treatment standing crop estimate for spring chinook is planned for
1986, fol lowing releases of fry upstream of the barr ier. .

Based on the assessment  that  the fa l ls  usual ly  b locked a l l  adu l t
chinook passage, the entire standing crop of juveni le chinook above the
barr iers at ful l  seeding can be used to determine mit igat ion benefi ts.
We ant ic ipate  no def inab le  mi t igat ion benef i t  fo r  s tee lhead f rom the
p r o j e c t because a d u l t s tee lhead could pass be fo re p r o j e c t
implementation.

The IDFG evaluation of the Boulder Creek project began in 1984 as a
pretreatment survey of fish distribution and density above and below
the  ba r r i e r s . Rainbow-steelhead were present In moderate densities
above and below the barr ier; juvenile chinook were present only below
the barrier in 1984 at low densities (Petrosky and Holubetz 1985).

Juveni le rainbow-steelhead. Boulder Creek supported moderately
h igh dens i t ies  o f  ra inbow-stee lhead juveni les  in  1984 and 1985,  both
above and below the barrier (Table 78, Appendix A-20). Residualized
steelhead smolts (all adipose clipped) were probably present below the
barr iers . No attempt was made to visual ly separate these f ish from
naturally produced rainbow-steelhead.

Juveni le chinook. We observed three age 0 ch inook above the
barrier in 1985 (Table 781, evidence that very few adult chinook passed
the barr ier in 1984 before project implementation. Boulder Creek below
the  ba r r i e r  suppo r ted l o w  d e n s i t i e s  o f  c h i n o o k  i n  1 9 8 4  a n d  1 9 8 5
(Appendix A-20); this high-gradient area is not considered to be prime
chinook habitat.

Resident Salmonids. B rook  t r ou t ,  bu l l  t r ou t ,  moun ta i n  wh i t e f i sh ,
and catchable-size, hatchery  ra inbow t rout  were observed in  Boulder
Creek and the Lit t le Salmon River sections in 1985 (Table 79). Brook
trout were observed only in Section l in a low-gradient meadow reach.
Whitefish were present only below the barrier.

Physical habitat. Physical h a b i t a t  v a r i a b l e s  h a v e  n o t  b e e n
measured in Boulder Creek monitoring sections through 1985. These data
wil l  be col lected in future years.

An i r r igat ion d ivers ion, Yantis Ditch, 14 km above the barr ier is
unscreened and could reduce survival of migrants from upper Boulder
Creek.
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Boulder Creek
1 A 1.2 8.0 723

2 A 2.8 8.3

3 B 4.2 12.5 1029 0 0 100.0

5 B 3.3 8.7 874 11.1 11.1 77.0

Little Salmon
1 B 1.4 18.9 1550 22.2 0 77.8

2 B 2.1 13.2 2233 55.6 0 44.4

a A = above barrier; B = beta barrier.
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Boulder Creek
1
2
3
5

A 0.7 3.2 0.4 0.1 0.4 .0
A 0.2 2.9 3.2 1.4 0 0
B 13.4 7.9 3.5 1.9 3.9 0
B 9 .3 7.6 7.0 2.3 4.2 0.1

Little Salmon River
1
2

B 6.4 4.8 6.8 1.6 0.1 0
B 13.5 4.3 4.3 1.4 1.3 0.5
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Future Evaluation and Recommendations

F u t u r e  e v a l u a t i o n  f o r  m i t i g a t i o n  r e q u i r e s  a  d e t e r m i n a t i o n  o f
whether improved passage was attained and an estimate of standing crops
o f  j uven i l e  sp r i ng  ch inook  a t  f u l l  seed ing . Observations should be
made at the barriers, especially as adult chlnook  begin to return from

inftial in troduct ions. When  adu l t  ch inook  f i r s t  r e tu rn ,  an  annua l
spawning ground survey should be initiated in Boulder Creek.

U n b i a s e d  e s t i m a t e s  o f  s t a n d i n g  c r o p s  c a n  b e  c a l c u l a t e d  f r o m
dens i t i es  i n  s t eam sec t i ons  w i t h  app l i ca t i on  o f  e i t he r  a  s t r a t i f i ed ,
random or systematic stratified sampling design (Scheaffer et al.
1979). Strata should be divided in the vicinity of Yantis Ditch.

A complete set of physical hab i t a t  measu remen ts  w i l l  no t  be
essential  to est imate benefi ts for the Boulder Creek project. However,
this data should be collected as part of an overall data base for
comparison of fish population responses between streams.

Potential for migrant fish losses into Yantis Ditch should be
assessed; and If appropriate, the diversion should be screened.

RESULTS AND DISCUSSION

Project Evaluations

Success of the entire Fish and Wildlife program will be determined
ul t imate ly  by the restorat ion of  runs that  are a f fected by hydropower
ope ra t i on , particularly the runs of depressed upriver stocks.
Successful on-site mitigation to increase passage survival at main stem
Columbia and Snake River dams is essential to success of off-site
m i t i ga t i on projects, including the habitat enhancement actions listed
in Measure 704(d).

Dur ing the per iod o f  run restorat ion, most anadromous populations
in  I daho  w i l l  exh ib i t  a  w ide  range  o f  seed ing  l eve l s . The current
under-seeded conditions and the expected trend for increasing steel head
and salmon escapements as main stem passage conditions improve preclude
a simple "before and after" comparison of populations to estimate
benefi ts from habitat projects.

The IDFG general evaluation approach rel ies heavi ly on monitoring
populat ions' trends to define full-seeding levels and separation of
t hose  pa r t s  o f " f i n a l "  d e n s i t i e s  o r  s t a n d i n g  c r o p s  d u e  t o  s p e c i f i c
enhancement a c t i v i t i e s (Petrosky and Holubetz 1985). Intensive
production studies relating spawning escapements, s tand ing crops o f
juven i les ,  and smol t  y ie lds  (e .g . , Bjornn 1978) will be integrated with
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the survey approach of the general evaluations. A common data base
will be required to apply results from a small number of intensive
studies across a broad range of habitats and stocks.

In 1984-1985, IDFG project evaluations focused primarily on
collection of pretreatment habitat and fish population data and
establishment of trend-monitoring sections and evaluation approaches.
Posttreatment evaluations of instream structure projects were conducted
In the upper Lochsa River in 1984 and Lolo Creek in 1985, both at
less-than-full seeding conditions. Posttreatment evaluations in 1986
will be conducted primarily in areas above barriers that were
supplemented by excess hatchery adults or fry (Eldorado Creek, Crooked
Fork Creek, Johnson Creek, and Boulder Creek) and Crooked River and Red
River, which will also be at high seeding levels. Also in 1986, IDFG
will begin two intensive production studies in the upper Salmon River
and Crooked River.

General Monitoring and Evaluation

In 1984-1985, IDFG developed a short list of physical habitat
variables based on Platts et al. (19831, that we intend to measure in
every general monitoring section. We kept the variable Iist short so
that at least some comparable data could be collected in every project
stream without the data collection process becoming cumbersome and
costly. Consistency built into the habitat data base will facilitate
between stream comparisons and modeling of fish populations relative to
habitat or habitat change. Other habitat variables required to
specifically evaluate individual projects can be added easily to this
core set of data. The physical habitat data base will be computerized
beginning in 1986.

Densities of anadromous and resident fish in sections of project
streams were estimated primarily by snorkeling techniques in
1984-1985. Where turbidity Iimited usefulness of snorkeling techniques
in the Lemhi River sections, abundance was estimated by electrofishing
(230-volt direct current) using a two-catch removal method (Seber and
LeCren 1967). Snorkeling techniques have been used extensively in
Idaho and the Northwest (e.g., Pal lard and Bjornn 1973; Johnson 1985;
Thurow 1985) but seldom compared to more conventional methods of
population estimation (Northcote and Wilkie 1963; Schill and Griffith
1984). In 1986, IDFG plans to begin to calibrate density estimates
conducted by snorkeling with estimates conducted by electrofishing in
streams of water clarity, conductivity, width, and gradient and varying
anadromous fish densities. The fish population data base will be
computerized beginning in 1986.

The basic biological parameters of general monitoring and general
evaluations are anadromous fish densities and standing crops,
respectively (BPA 1985). Stratified sampling of densities within
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defined stream reaches will be used in most evaluations to help control
statistical variation. Except for projects that add new increments of
habitat (e.g., barrier removal), standing crop estimates must be
partioned to determine mitigation benefits.

General density monitoring, The major objectives of the general
monitoring phase are to determine population trends of juvenile
steel head and salmon and to help define full-seeding levels (Petrosky
and Holubetz 1985). Project evaluations can be carried out at full
seeding or when deemed appropriate as determined by population trend
data.

The IDFG established density trend monitoring sections in every BPA
project stream and in a few “control” streams (e.g., Sulphur Creek,
Loon Creek, South Fork Salmon River). Fish densities will be estimated
annually in these sections (Appendix A). This monitoring program will
be integrated with a separate IDFG fisheries management program which
will monitor juvenile fish population trends in other key anadromous
fish production streams. Together these two programs will provide
representative trend data for all of Idaho's salmon and steel head
production.

Secondary information will also be obtained during general
monitoring of juvenile anadromous fish densities. Trends in resident
salmonid populations can be followed as habitat projects are
implemented and as anadromous populations rebuild. Trend data are al so
being collected on numbers of adult chinook observed in established
sect1 on (Appendix B). These adult trend data will  complement redd
count and juvenile density trends. However, these data will have to be
used with caution because we frequently sample juvenile populations
before adult chinook ascend stream in mid- to late July into the
project areas.

Evaluation of habitat additions. Additions of new increments of
habitat will provide some of the largest mitigation benefits (increased
smolt-yield and adult production) often at low costs. Conceptually,
habitat additions are also the easiest to evaluate. These projects
include removal of natural barriers (e.g., Eldorado Creek and Johnson
Creek), flow improvements for adult passage (e.g., upper Salmon River
and Alturas Lake Creek), development of off-channel ponds and side
channels (Crooked River), and control of pollution that blocks
anadromous fish runs (Panther Creek). Where large increments of
habitat are put into production, relatively few assumptions will be
necessary to estimate benefits.

Standing crops of juvenile, anadromous fish at full seeding can be
used as the basis for determining mitigation benefits. Stratified
sampling will be used to estimate standing crops with reaches (strata)
defined by major physical habitat features (low-gradient meadow reach
versus high-gradient canyon reach). In cases of removal of a partial
barrier, some fraction of standing crops can be used for mitigation.
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The fractions will be developed for individual projects based on
knowledge or estimates of the frequency of blockage, dewatering, etc.
Yield of smolts and adults from the projects can be estimated by
factoring the standing crops credited to the project by appropriate
survival rates to the smolt stage. Estimates of survival rates will be
developed at the intensive study sites.

Evaluation of Iocalized habitat improvement. Habitat improvement
projects should be credited with any detectable increase in standing
crops over the pretreatment potential. Low seeding levels at the time
of project implementation complicate the analyses.

The primary effect of many BPA habitat projects will be a localized
increase in carrying capacity. For these projects designed to improve
local rearing habitat (e.g., instream structures, sane types of
riparian revegetation, flood-plain development), IDFG began in 1984 to
reserve untreated (control) sections within project reaches. As
juvenile populations increase and as Iocal effects of the treatments
“mature,” the differences in densities between treatments and controls
can be estimated using analysis of variance. Both the evaluation
approach and initial rationale for these projects assume that quantity
and quality of rearing habitat is Iikely the major Iimiting factor.
Mass balance analyses of quantity of spawning and rearing habitat in
Fish Creek, Oregon, and in Panther Creek tend to support this
assumption (Everest and Sedell 1984; Reiser 1986).

A major thrust of the intensive production studies in addition to
developing applicable survival rate and smolt yield factors should be
investigations Into limiting factors of anadromous fish populations.
Results of the applied research could help guide future habitat
enhancement projects and the general project evaluations.

Evaluation of streamwide improvement. Detection of subtle,
streamwide effects from sane types of projects, Including sediment
reduction from nonpoint sources, will be difficult without the
development and application of habitat model s. In the Idaho batholith,
deposition of granitic sand is widely recognized as a major factor that
potentially Iimits salmonid populations (Platts and Megahan 1975;
Bjornn, et al. 1977; Konopacky 1984). Fish response curves to fine
sediments in spawning and rearing areas are being developed and refined
for the South Fork Salmon River (Stowell et al. 1983). Draw backs to
general use of the present sediment model for BPA project evaluations
include the model's reliance on laboratory experiments to simulate
natural conditions and the need to calibrate the model to local
conditions.

An alternative approach to extrapolating benefits from the sediment
model is to develop empirical sediment fish population relationships
for project streams and statistically interpolate mean responses based
on measured habitat change for specific projects. Fish density and
aquatic habitat data collected in the 1985 problem-identification
inventory of the upper Salmon/Middle Fork Salmon River tributary show
promise in this regard.
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In 1985, deposition of large and fine sediment (0.8-5.0 mm
and < 0.8 mm, respectively) at a given gradient was clearly worse in
the Bear Valley Creek/Elk Creek drainage than in the Marsh Creek,
Valley Creek, and upper Salmon River drainages (Fig. 33). Comparable
unpublished data for substrate embeddedness and sediment deposition
summarized within depth and velocity criteria indicate the same general
patter (C. Hunter, OEA Research Incorporated, Helena, Montana, personal
communication).

Densities of age 0 chinook in these aquatic sections were inversely
related to deposition of sand (Fig. 34) even at the low seeding levels
of 1985. Based on maximum densities observed in 1985, the critical
sediment deposition level appears to be in the range of 35-40%; based
on 1985 median densities, any increase in sediment above natural levels
appears to be critical. Rainbow-steel head parr densities were also
inversely related to sediment deposition (unpublished data). Similar
empirical relationships were arrived at independently by Thurow and
Burns (1986) for the South Fork Salmon River drainage.

The precision of the relationship in Fig. 34 potentially could be
increased in several ways. The aquatic habitat data set was
constructed in a manner that allows for development of surrogate
variables, some of which may define more precisely the degree of
sediment deposition (e. g., percent large + fine sediment, partitioned
within specific ranges of depth and velocity). Covariats, such as
stream gradient or width, could also be used in model development to
account for some of the variation. However, we believe that lack of
precision was largely the result of low seeding - much of the
high-quality habitat in small tributaries was virtually unoccupied in
1985. Development of the model at full seeding conditions would better
define the true shape and slope of the relationship.

Annual monitoring of densities through a period of increasing
seeding levels may provide another means to separate streamwide
effects, including those from sediment reduction. Consistent,
Iong-term trend data is lacking for most BPA project streams but will
be accumulated through IDFG evaluation/monitoring (Appendix A). Some
density trend data currently are available for wild spring chinook in
Marsh Creek, Elk Creek (Table 62 and 58), and similar streams except
for the degree of sediment deposition (Fig. 35).

Chinook densities in 1985 in Marsh Creek and Elk Creek were
inversely related to deposition of granitic sand (Fig. 36). Although
the combined relationship showed low densities in sections with high
sediment deposition (primarily Elk Creek), and higher densities in
sections with less sediment (primarily Marsh Creek), the relationships
within each of the streams was weak. This might imply sediment effects
occur primarily streamwide or may be an artifact of low seeding.
Compared to mean redd counts in the 1960s, Marsh Creek and Elk Creek
spawning escapement for the brood year (1984) were 13% and 6% of predam
levels, respectively (Tables 62 and 58).
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Figure 33. Relationship of sediment deposition and stream gradient in
Marsh Creek, Bear Valley/Elk Creek, upper Salmon River,
and Valley Creek drainages, July-August, -1985.
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Figure 34. Relationship of juvenile chinook density to sediment
deposition in a stream section in Marsh Creek, Bear Valley/
Elk Creek, upper Salmon River, and Valley Creek drainages
July-August, 1985. All areas were underseeded in 1985.
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Figure 35. Relationship of juvenile chinook density to sediment
deposition in Marsh and Knapp creeks and Elk Creek drainage,
July-August, 1985. The median for all streams inventoried
is represented by a solid line.
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Figure 36. Relationship of juvenile chinook density to the previous year's
redd count in Marsh Creek and Elk Creek. Redd counts are
standardized as a percent of the pre-dam (1960-69) average.
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During the period 1972-1985, chinook densities in both streams were
directly related to the respective redd count the previous year
(Fig. 36). However, Elk Creek appears to produce juvenile chinook less
efficiently for a given standardized redd count. Data for Bear Valley
Creek (Table 54), which contains a similar amount of deposited sand as
Elk Creek, plot along a line similar to the Elk Creek data (Fig. 37).

Hypothetically, a family of reproduction-efficiency curves could be
derived for chinook production streams in the batholith based on
consistent, long-term juvenile density monitoring data and redd
counts. Information contained in Fig. 33-37 further suggests that the
curves may be separable based on estimated sediment deposition. More
sophisticated modeling efforts wi l I be required as chinook and
steelhead populations rebuild to define streamwide benefits from
sediment-reduction projects.

Intensive Studies

The IDFG will initiate two intensive studies in the upper Salmon
River and Crooked River beginning in 1986, Other agencies and tribes
will also initiate these long-term studies within Idaho and the rest of
the Columbia basin. Basic biological information that is needed for
evaluation of the Fish and Wildlife program will be gathered in a
number of areas, including productivity of stocks in dif ferent
habitats, spawning escapements required to fully seed the habitat,
survival rates through life stages, parr-smolt relationships, and the
success and best means of supplementation.

Intensive studies of survival, production, and yield in a few
streams should al so provide further insight into the questions of
whether spawning or rearing habitat is limiting, as well as define the
relative importance of summer and winter rearing habitat. Currently in
Idaho, general evaluations have focused on summer low-flew conditions.
Conditions during summer are important but may or may not be the
factors that limit anadromous fish populations. In the Lemhi River
system, Idaho, the amount of suitable winter habitat influenced the
migration of juvenile steel head from upstream areas (Bjornn 1978).
However, these migrants found suitable winter habitat elsewhere in the
Lemhi River where they remained an additional year before migrating
seaward as smolts. Juvenile chinook in high-elevation streams in Idaho
typically migrate from summer rearing areas and winter downstream
before emigrating as smolts. The relative importance of summer and
winter carrying capacity may ultimately be determined by seasonal
estimates of survival rates which should be possible at most intensive
study locations.

Development of a Mitigation Record

No final determination of mitigation credit for any Idaho habitat
enhancement project has been attainable to date. It was not possible
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Figure 37. Juvenile chinook density and spawning escapement relationships
for three Idaho batholith streams, 1972-85.
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to observe full-seeding conditions at any of the projects in 1985, and
definition of full seeding for the various types of habitat has not
been made. In addition, a mitigation record based on increased smelt
yield cannot be developed unti l  the intensive studies define
appropriate conversion rates to transform measured and estimated parr
responses to estimated smolt production increases.

After these two major questions are answered for the approprlate
habitat and fish populations, this evaluation project will move from
the pretreatment and monitoring phases to the post-treatment phase to
document the full mitigation value of each habitat project.

Conclusions

Definition of suspected, limiting factors should be part of every
project proposal. Determination of which habitat factors are limiting
smolt production will be another product of the intensive evaluation
studies. This knowledge can be used to increase the effectiveness of
future habitat enhancement projects.

Intended benefits will not be realized if a habitat enhancement
project is aimed at improving a habitat character that is not limiting
product1 on capacity of the affected stream.

The evaluation work should be accomplished in the most
cost-effective manner and should generally be accomplished in a
standard manner irrespective of where the enhancement project is
Iocated.

The BPA should direct all project sponsors to submit proposals that
display projected benefits (increased smolt/adult production) In a
standard manner and should direct project evaluators to display
estimated benefits (smolts/adults) in a standard format.

Whenever possible, controls should be established to complement the
pretreatment and posttreament data collection.

The primary measurement for effectiveness of habitat enhancement
measures should be increased smolt production.

A data collection system that would assimilate physical habitat
data, juvenile density data, and spawning escapement data from all
sources (fish and wildlife agencies, tribes, land management agencies,
and private entities) Into a common data base should be implemented for
the entire Columbia River basin. This data base would better serve
f isheries managers, land managers, and planners than the
presently-uncoordinated, fragmented data collection process.

On some projects, a disproportionate amount of funding is being
dedicated to preliminary investigations with implementation of the
habitat project being unduly delayed.
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Parr production at full-seeding levels should be documented for
some typical Idaho anadromous fish habitats at the earliest
opportunity.

The smolt and adult production estimates at full seeding will be
used to measure the effectiveness of many measures of the Fish and
Wildlife program. Some examples are listed below:

Enhancement of natural production habitat
Supplementation of natural production
Changes in harvest management
Determining optimum spawning escapement goals
Determining subbasin production goals

.

Annual evaluation reports should be written for each state, and
those reports should contain the Information needed to guide the future
direction of habitat enhancement implemented under the Fish and
Wildlife program.

Annual evaluation reports should display the project expenditures
in the following format to Illustrate the relative cost of evaluation
in relation to implementation cost and preliminary/feasibility cost:

IDAHO ANADROMOUS FISH HABITAT ENHANCEMENT SUMMARY
POLE CREEK PROJECT

Year

Preliminary/
Feasibility

activity Implementation Evaluation Total
amount amount amount amount

1983
1984
1985
Cumulative

to date

$0 $12,000 $ 0 $12,000
0 0 600 600

0 0 300 300
$0 $12,000 $900 $12,900
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Boulder Cr. A 1 - 6.3 3.7 /
.

Boulder Cr. A 2 - 2.7 7.5 /
Boulder Cr. B 3 - 8.1 13.3
Boulder Cr. B 5 - 4.9 16.8
Little Salmon R. B 1 - 13.2
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Mean - 5.5 10.8
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Table B-1 . Continued.

Loon Creek 1
2
LNM1

[Sample period]

Subbasin mean

SA-6 Panther Creek PC9

PC1
(Sample period)

Moyer Creek MO1
(Sample period)

Subbasin mean

SA-7 Lemhi River LEM-1A
LEM-2B
LEM-3B

(Sample period)

Hayden Creek HO-1B
HO-2B
HO-3B

(Sample period)

Subbasin mean

SA-9 East Fork
Salmon River 2

3
5
8

[Sample period)

Subbasin mean
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Table B-1. Continued.

SA-11 Upper Salmon 1OA
River 9A

8B
8A
78
7A
6A
3BRA
2B

(Sample period)

Alturas Lake     1A 0
Creek 2A 0

2 D
3 1

(Sample period)

Pole Creek 38
3A
28
2A

D
0
D
4
0
0
0
9
1

0
0

0
0
0
0

[Sample period)

Valley Creek 7A 0
3B 1
3A 4
1B 4

(Sample period)
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ABSTRACT

As part of an ongoing research project to evaluate the response of
stream rehabilitation and Bonneville Power Administration (BPA) funded
enhancement projects on anadromous and resident salmonids in Central and
Northern Idaho, aquatic habitat, riparian condition, and fish
populations were evaluated in three Northern and Central Idaho streams.
Data was collected and analyzed for the second consecutive year on a
total of 12 sites; 8 on Crooked River, 2 on Red River, and 2 on Bear
Valley Creek. 1985 was the first year of post-treatment monitoring on
the majority of study sites, and represents the first information
available to evaluate the effectiveness of these enhancement efforts.
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INTRODUCTION

To improve stocks of anadromous fish within the Columbia Basin, and
in accordance with the Congressional mandate to protect, mitigate and
enhance fish populations impacted by dams and the development of hydro-
electric power in the Pacific Northwest (Pacific Northwest Electric
Power Planning and Conservation Act of 1980), a number of stream
enhancement projects are planned, or are being constructed in the
National Forests of Idaho. These activities are supervised by the Idaho
Dept. of Fish and Game and funded by the Bonneville Power Administration
(BPA), with the overall goal of increasing numbers of anadromous
salmonids through stream rehabilitation and enhancement. However,
meaningful enhancement efforts must be accompanied by careful
description of habitat conditions not only before enhancement
activities, but in the years following enhancement activity, so that
effective rehabilitation efforts can be documented and unsuccessful ones
identified. In an era of diminishing budgets, the management of
anadromous fisheries must be cost-effective.

The stream habitat enhancement efforts within the areas of this
study fall into four major categories: (1) Instream structures designed
to increase cover and or poll-riffle ratio, and thereby increase summer
and winter rearing capacity (e.g. k-dams, boulders, and check dams); (2)
Instream structures designed to increase stream velocity so that fine
sediments are flushed from the substrate (e.g. log deflectors and wing
dams); (3) Rerouting of channelized stream systems to provide sinuosity,
diverse habitat and approximate pre-development conditions; and (4)
Reclamation of streambanks through riparian planting, construction of
gabions and stabilization of banks through the use of log and rock
materials.

This report covers rehabilitation efforts on three Idaho streams,
all historically major producers of anadromous salmonids. Each stream
system has suffered from one or more impacts associated with consumptive
land uses, and are presently well below their collective carrying
capacities. Red River, has been impacted by major inputs of sediment
into the stream system. Clearcutting, road construction and grazing are
considered the source of fine sediments. Crooked River was drastically
altered by gold seekers in the 1950's, who channelized the stream by
dredging. Bear Valley Creek has also been altered through extensive
dredge mining and grazing activity. Figure 1 depicts the general
location of each stream in relation to major Idaho rivers.

STUDY AREA

Red River

Red River is a major tributary of the South Fork Clear-water River
(Figure Z), and is located entirely within the Nezperce National Forest.
Land use activities including dredging and subsequent channelization,
logging, road construction, and livestock grazing have lead to loss of
riparian vegetation, streambank destabilization, channel alteration and
excessive inputs of fine sediments.

253



Figure 1. General location of the study streams in relation
to the major river systems of Idaho. 1)-Bear
Valley Creek, 2)-Crooked River, 3)-Red River.
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Figure 2. Location of the Red River study sites.
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The watershed area covers approximately 36 956 hectares and is
heavily timbered primarily by Douglas-fir and lodgepole pine. Climate
consists of severe winters, with summers characterized by hot days and
cool nights. Precipitation is variable ranging from 63.5 cm below
1500 m to 114 cm above 1820 m. Snowfall represents 85 percent of the
precipitation and total runoff. Peak stream discharge occurs during the
May snowmelt period.

Red River currently supports runs of summer steelhead trout and
spring chinook salmon. Chinook salmon runs into Red River have been
among the strongest in the state, aided by a juvenile rearing facility
at the Red River Ranger Station, which releases between 40,000 and
350,000 chinook smolt annually (Idaho Fish and Game, 1985).

Crooked River

Crooked River, also located entirely within the Nezperce National
Forest, is 27 kilometers long and enters the South Fork Clearwater River
at river kilometer 94 (Figure 3). Crooked river presently supports
small runs of summer steelhead and spring chinook, which were
reestablished upon the removal of Harpster Dam on the South Fork
Clearwater River in 1956. Because of its high quality water, potential
habitat quality, and location, the Idaho Dept. of Fish and Game (1984)
has identified Crooked River as an important production stream in their
Anadromous Fish Management Plan.

Dredge mining for gold in the 1950's severely degraded Crooked
River resulting in dredge pilings up to 9 meters tall, unnatural forced
meander patterns in the lower reaches, and straight, channelized, high
gradient channels in the upper reaches. Dredging patterns have created
a series of dredge pools, some with excellent fish cover. These pools,
already provide some wildlife habitat, and also may be of value to
juvenile salmonids. Such protected habitats offer cover, protection
from predation and slightly higher water temperatures.

Bear Valley Creek

Bear Valley Creek, 55-kilometers long, joins with Marsh Creek to
form the Middle Fork Salmon River. Located entirely within the Boise
Nation Forest (Figure 4), Bear Valley Creek has its source in the weakly
glaciated granitic uplands of the southern Idaho Batholith. A
structural depression within the batholith, Bear Valley has been filled
with alluvium eroded from the surrounding uplands resulting in a
low-gradient stream with a high meander ratio.

Because of excellent water quality, low channel gradient, and in
combination with abundant rubble and gravel channel substrates, Bear
Valley has historically supported large runs of chinook salmon and
summer steelhead trout. Spawning ground surveys in 1962-1975 indicate
an average of 37 percent of all chinook spawning areas occurred in the
upper Middle Fork-Bear Valley-Marsh Creek areas (Idaho Fish and Game,
1985). However, redd counts have shown a continual decrease since 1955
indicating continuing habitat degradation.
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Figure 4. Location of the Bear Valley Creek study sites.
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Figure 3. Location of the Crooked River study sites designated
by the Idaho Fish & Game.
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Sediment loading and streambank instability are the primary concern
in Bear Valley Creek. Dredge mining on 900 acres of formerly public
land along upper Bear Valley Creek began in 1955 and ended in 1959. To
facilitate mining, Bear Valley Creek was channelized through a canal
system. In 1969, the existing system of channels was filled and Bear
Valley was allowed to form its own course. Today, upper Bear Valley is
characterized by banks formed from unstable dredge deposits, and heavy
deposits of fine sediments. Rates of bank erosion are high, and prime
spawning substrates are often covered by fine sediments. Additionally,
many pools that provide cover for holding and or rearing of salmonids
have been partially filled with fine sediments.

METHODS

The study was designed to test the effectiveness of a variety of
stream improvement techniques. Physical measurements of aquatic and
riparian habitat conditions were conducted using transect sampling
methodology described by Platts and others (1983) and Ray and Megahan
(1979). Study site size varied with size of stream, and general
locations were selected by a team of federal and state biologists to
encompass specific treatment areas and budgetary restraints). The
following are brief summaries of the designs of each area. Further
information can be found in Idaho Fish & Game (1985) and Torquemada and
Platts (1983).

The Red River evaluations consist of two study areas located
approximately 5 and 6.4 kilometers downstream of the Red River Ranger
Station. At each area an upriver control and downstream treatment area
of equal size was systematically stratified with 60 sample transects.
The lower study area was extended 10 transects in 1985 to accommodate
for an error in boulder placement at the lower treatment area. Data
collection was staggered between areas to allow alternate year sampling
of the two areas. The 1985 field season represents the first
post-treatment evaluation of the lower Red River area.

On Crooked River, a variety of treatments, including boulders,
log-sill structures, k-dams, and channel reconstruction were put into
effect throughout the treatment sections (Figure 3). Each treatment
section was compared with an adjacent control reach. Both treatment and
control reaches were 91.4 meters in length and delineated by permanent
transects placed at 3.05 meter intervals so that habitat condition could
be measured as needed.

In 1984, two study sites on Bear Valley Creek were established at
Poker Meadows and near the confluence of Fir Creek (Figure 4) and
represent controls for BPA-funded enhancement projects which began in
the fall of 1985. Rehabilitation efforts here will be directed toward
bank stabilization, riparian regeneration and the reduction of fine
sediments.

Habitat condition was documented in all three areas using the
intensive transect method of Platts et al. (1983). A list of habitat
variables measured for each stream is given in Table 1. Fish population
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Table 1 .--List of aquatic habitat variable measured during 1985 at Red
and Crooked Rivers, Bear Valley Creek.

Study Area

Variable
Bear 1

Valley
Crooked
River

Red3
River

Geomorphic/Aquatic .

Stream width/depth
Pool quantity/quality
Riffle quality
Substrate
Embeddedness
Instream vegetation
Bank angle
Streamshore depth and undercuts

Riparian

X X X
X X X
X X X
X X X
X X X
X X X
X X X
X X X

Habitat type
Streambank stability
Overhanging vegetation
Streambank alteration

X X
X X
X X
X X

Hydraulic Geometry

Stream profile
Gradient
Velocity/flow

X
X
X

Biological

Fish population estimates
4

X

X
X
X
X

X
X
X
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Water Column
Stream width (feet)
Stream depth (feet)
Riffle width (percent)
Pool width (percent)
Pool feature4/

Pool rating4/

Streambanks
Bank angle (degrees)
Bank undercut (feet)
Bank water depth (feet)
Vegetative use (percent)

Channel
% fines (4.75-0.88mm)
% fines >.88mm
% gravel
% rubble
% boulder
Substrate embeddedness
Instream veg. cover (feet)

Riparian
4/Habitat type-

Bank cover s 4/tability-
Stream cover4/

Bank alteration (natural)
Bank alteration (artificial)
Vegetative overhang (feet)

9716
0.7

37.7
62.3
5.1
2.9

11.439 93.5-101.7 102.8
2.0

17.5
17.5
0.4
1.1

0.0-1.4 1.1
31.4-44.0 3.2
56.0-68.6 96.8
4.9-5.3 5.0
2.2-3.6 4.0

7.4
1.4
5.8
5.8
0.0
0.0

100.2-105.4
0.6-1.6
1.2-5.2

94.8-98.8

107.0 42.6
0.33 0.3
0.26 0.3
5.5 8.9

91.7-122.3
.22-.44
.17-.37

2.3-8.7

78.4 31.9 67.0-89.8
0.4 0.2 .31-.49
0.24 0.18 0.18-.30
2.3 2.9 1.2-3.4

3.8 4.5 2.2-5.4 23.0 7.5 21.3-25.7
12.5 10.5 8.8-16.2 22.1 8.5 19.1-25.1
45.5 30.9 34.4-56.6 38.1 15.2 32.6-43.6
38.2 27.1 28.5-47.9 14.9 10.3 11.2-18.6
0.4 0.2 .33-.47 1.7 1.8 1.0-2.4

51.3 24.1 42.7-59.9 73.2 10.7 69.4-77.0
11.3 14.5 6.1-16.5 61.4 8.5 58.4-66.4

13.1 5.0 11.3-14.9
54.7 26.7 45.1-64.3
1.7 0.6 1.5-1.7

41.5 24.5 32.8-50.2
8.5 8.6 5.4-11.6
0.3 0.46 0.1-0.5

16.3 2.8 15.3-17.3
87.4 8.7 84.3-90.5
2.3 0.5 2.1-2.5

15.8 6.9 13.3-18.3

0.24 0.3 . 13-. 35

- Arithmetic mean
= Standard deviation
= 95 percent confidence interval



census was conducted in Crooked River by the Idaho Dept. of Fish and
Game using the snorkel survey method. Transects were established at
3.05 meter intervals, measured midstream with each perpendicular to
stream flow, and were refenced to metal stakes on each bank. All
habitat variables were measured along these transects for comparison
with succeeding years. Detailed descriptions of the procedures used in
this study can be found in Platts et al (1983), Ray and Megahan (1979),
and Torquemada and Platts (1985).

Habitat condition variables were analyzed statistically using an
IBM PC with SYSTATC software.
as well as 95% confidence intervals.

SD), were calculated
Data was further analyzed using

paired t-tests (Sokal and Rohlf, 1973). Tables of categorical data are
given in Appendix A.

RESULTS

Bear Valley-Fir Creek

In 1985, at the Fir Creek study site stream width decreased while
water column depth increased over 1984 conditions (Table 2). Bank
angles averaged 78 degrees, representing a 25% decrease over 1984
measurements. This overall trend toward acuteness, is a critical
measure of habitat quality, and should be reflected by increases in
rearing capacity. However, continued monitoring of site conditions must
be documented annually before definite trends can be stated.

Bear Valley Creek channel substrate composition at the Fir Creek site
was dominated by a high percentage of fine sediments (55.1%). This can
be attributed to the large percentage of pools (96.8%) and the high
rates of sediment transport. This large continuous deposition of
sediments has not significantly changed from 1984, and does not coincide
well with the increase in substrate embeddedness between 1984 and 1985.
Another analysis period will be needed to isolate observer area, if It
exists. In 1985 substrate embeddedness averaged 73.2% at the Fir Creek
site. Possibly the embeddedness reflects the volume of introduced
sediments to Bear Valley Creek and the severity of the problem.
Complete results for the Fir Creek and Poker Meadow sites are given in
Table 2.

Bear Valley-Poker Meadows

In contrast to the Fir Creek site, the Poker Meadow site was
characterized by less stream width and water column depth, and a more
balanced pool-riffle ratio (6:4). Bank angle averaged 107 degrees, and
bank undercut was less (Table 2). Streambank alteration averaged 50%,
with 83% of this alteration attributed to artificial causes, including
damage induced by livestock grazing.

Substrate composition did not change significantly from 1984. Fine
sediments averaged 16.3% in 1985, as compared to 13.4% in 1984.
Similarly, embeddedness levels remained high in 1985, averaging 51.3%.
This is especially significant, when the amount of gravel and rubble
substrates in the study site (83.7%) are considered. Substrates of
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these size classes are of primary concern to biologists wishing to
provide for optimum spawning habitat.

Unfortunately as fine sediments increase, the spawning success
decreases. It will be interesting to determine if the overall fishery
habitat condition in Bear Valley Creek are improved through reductions
in fine sediments, increases in stream bank stability, and improvements
in riparian condition and composition as the stream enhancement efforts
are put into effect.

Lower Red River

Analysis of aquatic habitat condition revealed several significant
differences in habitat quality following stream enhancement at the lower
Red River study site (Table 3). Placement of instream structures,
primarily boulder clusters and cabled tree deflectors, appear to have
improved habitat condition from a standpoint of providing pool habitat.
Significant differences were found between treatment and control sites
in several areas. Stream depth, percent pool width, bank water depth,
and pool quality improved in the treatment site as compared to the
control site. .

Channel materials changed significantly between sites, as might be
expected. Increases in fine sediments were evident in the treatment
section, and were probably associated with the increased pool-riffle
(reduced velocity) ratio causing higher depositional processes. The
riparian habitat variables exhibited no significant changes. Results of
the hydraulic geometry analysis are given in Table 4.

Although the initial trends in pool formation and quality appear
promising, it remains to be seen if anadromous salmonids respond
favorably to these habitat alterations. Annual monitoring of stream
geomorphology as well as fish population trends are necessary to
ascertain the effectiveness of stream rehabilitation efforts.
Economically, this will allow the cost-effectiveness of in-stream
structures as compared to changes in carrying capacity they provide to
be evaluated.

Crooked River

Originally six study sites were established on Crooked River to
test a number of enhancement techniques. The original upper sites
Boulder Reach A; Sill Log Control, Log Sill B; Channel Control,
Rechannel B 6 A) were designed to test the effects of treatment with
instream-structures. While the lower two (channel reconstruction A & B)
were designed to test how proposed rechannelization affects habitat
quality. In 1985, two additional study sections were added to the lower
reaches of Crooked River. Here the river has been channelized by past
dredge mining into unnatural, slow, forced meanders. By cutting through
selected meanders, biologists hope to restore the channel and fishery
habitat to a semblance of its former condition.
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Table 3 .--Results of pre/post treatment stream geomorphology and riparian analysis for the Lower Red River
study site, Idaho, 1985.

Water Column
Stream width (feet)
Stream depth (feet)
Riffle width (percent)
Pool width (percent)
Pool feature
Pool quality rating

Streambanks
Bank angle (degrees)
Bank undercut (feet)
Bank water depth (feet)

Channel
% fines <.83mm
% fines .84-4.75m
% gravel
% rubble
% boulder
Embeddedness
Instream veg. cover (feet)

Riparian
Habitat type
Bank cover stability
Stream cover
Bank alteration
Vegetative overhang (feet)

37.5 8.3 35.8-39.2 41.8 9.2 39.9-43.7 N.S.
0.74 0.3 0.68-0.80 0.92 0.4 0.83-1.01 .003*

43.3 37.1 35.7-50.9 16.1 22.1 11.6-20.6 .001**
56.7 37.1 49.1-64.3 83.9 22.1 79.4-88.4 .001**
5.4 0.8 5.2-5.6 5.5 0.8 5.3-5.7 N.S.
2.2 1.1 2.0-2.4 3.0 1.0 2.8-3.2 .001**

135.6 26.7 130.2-141.0 131.7 24.9 126.6-136.8 N.S.
0.06 0.14 0.03-0.09 0.09 0.19 .05-. 13 N.S.
0.03 0.1 0.01-0.05 0.08 0.2 .04-.12 l 012*

2.9 2.7 2.4-3.4 4.8 5.3 3.7-5.9 .009*
6.7 5.6 5.5-7.9 14.1 12.8 11.5-16.7 .001**
12.4 9.2 10.6-14.2 37.4 18.9 33.6-41.2 .001**
70.2 9.9 68.2-72.2 39.2 20.4 35.0-43.4 .001**
7.7 8.2 6.0-9.4 4.4 5.6 3.3-5.5 .003*

58.9 9.3 57.0-60.8 62.8 15.5 59.6-66.0 N.S.
0.43 0.7 0.29-0.57 0.49 0.7 0.35-0.63 N.S.

8.8 1.7 8.4-9.2 8.7 1.8 8.3-9.1
70.2 16.1 66.9-73.5 63.0 14.8 60.0-66.0
1.85 0.4 1.76-1.94 1.87 0.3 1.81-1.93

65.6 6.2 64.3-66.9 65.2 7.2 63.7-66.7
0.26 0.36 0.19-0.33 0.3 0.3 .23-.37

N.S.
.004*
N.S.
N.S.
N.S.

- Arithmetic mean
= Standard deviation

95 percent confidence interval
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After consultation with Idaho Fish and Game personnel, we were
directed to postpone evaluation of treatments in the upper Crooked River
area until all enhancement work in the area has been completed. We
anticipate a more thorough evaluation of these treatments in 1986.

Initial pre-treatment conditions between the new forced meander
sites were fairly uniform (Table 5). Highly significant (p<.05)
differences during the pretreatment period were found between sites in
pool quality, channel substrate composition of fine sediments,
streamside vegetative cover ratings, and vegetative overhang. Bank
angles, habitat type, and instream vegetation were also significantly
(p<.10) different between sites. Annual evaluation of the forced
meander sites will reveal any structural changes in stream geomorphology
and fishery habitat condition between sites in subsequent years that may
result from enhancement efforts.

The remaining Crooked River study sites (channel control and
log-sill control) complete the sites sampled in 1985. Paired data was
not collected in 1985 for these sites. Thus, statistical comparisons
were not made. However, several trends are evident in the control sites
(Table 5). Both sites lack appreciable pool quantity and quality. This
is a legacy of gold dredging activities which channelized Crooked River
into a straight, narrow channel, lacking any appreciable structure that
forms pools. As a result velocities are rapid, with freshets causing
aggradation of fines sediments within the channel. Absence of fine
sediments are evident at both control sites, as well as low embeddedness
ratings.

Bank angles average 136 degrees in the two control sites. Little
improvement (acuteness) in the upper Crooked River can be expected in
bank angles, mainly because the left bank has been formed by dredge
pilings that are up to 20 feet tall. These tailings will continue to
negatively impact bank undercut, bank water depth, as well as bank
angles. Results of the hydraulic geometry analysis are presented in
Table 6.

Fish Population

Results of the 1985 fish snorkel survey by personnel of the Idaho
Dept. of Fish & Game on the Crooked River study sites are given in Table
7. Unfortunately, due to the activities of a suction dredge mine
operation, the department was unable to survey the Channel Control area.
Additionally, Rechannel B was still untreated at the time of survey.
Survey results show steelhead trout populations are fairly high
throughout Crooked River. High numbers of age 0+ steelhead trout were
found in Sill Log A. High numbers were also evident in rechannel B,
which although untreated, contains some quality pool habitat. Numbers
of age 0+ chinook also were highest in those study sites with superior
pool habitat (Table 7). The relatively low number of age l+ chinook can
be attributed to out-migration of smolts. Resident and anadromous
salmonid populations can be expected to increase in number, as pool
volume, pool quality and diversity of cover improves.
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Table 5.--Results of Stream geomorphology and Riparian analysis for the Crooked River Study Sites, Idaho, 1985.

Water column
Stream width (ft)
Stream depth (ft)
Riffle width (%)

31.8
1.2

34.5
65.5
5.5
2.9

Streambanks
Bank angle (degrees) 145.8
Bank undercut (ft) 0.04
Bank water depth (ft) 0.03

Channel
% fines 1.88mm 3.3
% fines (4.75-0.88mm) 5.5
% Gravel 38.5
% Rubble 48.4
% Boulder 4.3
Substrate embeddeness 36.9
Instream veg. cover (ft) 0.07

Bank alteration 76.3
Vegetative overhang (%) 0.03

20.6 25.6-38.0 39.5 14.1 35.9-43.1 N.S. a5.5 8.8 12.9-18.1 28.2 5.3 26.6-29.8
0.8 0.6-1.0 1.2 0.55 1.0-1.4 N.S. 0.3 0.8 0.1-0.5 0.5 2.1 0.0-l. 1

29.2 25.8-43.2 26.8 28.6 19.4-34.2 N.S. 77.0 15.8 72.3-81.7 78.7 20.1 72.8-84.6
29.2 56.8-74.2 73.2 28.6 65.7-80.5 N.S. 23.0 15.8 18.3-27.7 21.3 20.1 16.4-27.2
0.8 5.4-5.6 5.3 0.7 5.1-5.5 N.S. 5.1 1.6 4.6-5.6 4.7 1.7 4.2-5.2
1.5 2.5-3.3 3.5 1.3 3.2-3.8 <.001** 1.7 1.1 1.4-2.0 1.2 .9 1.0-1.4

25.8 138.1-153.5 127.7 26.7 117.9-137.5 .04* 128.0 41.2 111.5-146.5 144.1 16.9 139.0-149.
0.11 0.01-0.07 0.10 0.18 0.04-O. 16 N.S. 0.18 0.4  0.01-0.35   0.0 0.0        -
0.11 0.00-0.06 0.05 0.11 0.07-0.15 N.S. 0.05 0.11 0.00-.09 0.0 0.0        -

5.6 1.6--5.0 6.3 11.8 5.8-6.8 N.S. 15.8 10.7 12.6-19.0 1.7 2.5 1.0-2.4
9.5 2.7-8.3 13.6 7.9 12.4-14.8 <.001** 5.4 3.9 4.2-6.6 1.6 2.6 0.8-2.4

12.1 34.9-42.1 36.9 11.0 35.2-38.6 N.S. 4.6 3.3 4.0-5.2 12.7 9.9 9.8-15.6
16.2 43.6-53.2 40.0 7.7 38.8-41.2 N.S. 67.8 11.5 64.4-71.2 68.9 14.3 64.6-73.2
7.4 2.1-6.5 3.0 1.1 2.8-3.2 N.S. 6.4 4.7 5.0-7.8 14.9 9.5 12.1-17.7

23.3 29.9-43.9 44.8 26.2 40.8-48.8 N.S. 18.7 10.4 15.6-21.8 23.4 10.8 20.1-26.7
0.36 0.0-.18 0.5 1.3 0.3-0.7 .04* 15.5 8.8 12.9-18.1 0.4 1.0 0.1-O. 7

1.1 7.6-8.2 8.7 2.2 7.9-9.5 .04* 9.5 2.2 8.6-10.4 10.5 3.0 9.6-11.4
16.9 47.6-57.8 60.7 16.2 54.8-66.6 N.S. 63.3 23.1 53.5-73.1 72.9 19.6 67.0-78.8
0.48 1.2-1.4 1.9 0.3 1.8-2.0 <.001** 1.8 0.5 1.6-2.0 1.7 0.8 1.5-1.9
8.8 73.7-78.9 71.7 6.9 69.2-74.2 N.S. 65.7 13.6 59.9-71.5 61.8 19.6 55.9-67.7
0.11 0.0-0.06 0.13 0.2 .05-0.21 <.001** 0.4 0.9 0.0-0.8 0.16 0.22 0.10-0.22

- standard deviation - 95% confidence interval

N.S. - non significant
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Table 7 .--Number of fish per 100m2 for the Crooked River, Idaho study sites, Idaho, as
determined by Snorkel survey, 1985 (Data collected by Idaho Fish and Game Department).

Site Chinook 0+ Chinook 1+ Steelhead 0+ Steelhead l+ Cutthroat Brook Bull Whitefish
(surface area)

Boulder B 4.2 .46 487.3 35.8/34.0* 0 .11 0 .70
(856m2)

Sill Log A 31.9 0 707.2 1.52/.81* 1.28 0 2.57 1.17
(856m2)

Forced Meander #l 91.8 3.1 241.7 .38/O* 1.93 0 .38 32.6
(775m2)

Rechannel B 21.5 0 551.3 12.01/11.7* 0 0 0 . 17
(581m2)

Control 1 9.7 0 414.4 1.0/1.5* .30 0 .20 .60

* Number of fish counted that exhibited adipose clips, indicating natural/hatchery origin of steelhead.



RECOMMENDATIONS

This report documents habitat condition in Crooked River and Red
River following rehabilitation and enhancement efforts. Initial
conditions were documented at the Forced Meander sites at Crooked River.
Rechannelization of the Forced Meander site is expected in 1986. The
Bear Valley sites were surveyed for the second consecutive year.
Recommendations for 1986 are as follows:

1.

2.

3.

4.

5.

6.

Continue to evaluate all the Crooked River study sites to determine
the effectiveness of rehabilitation and enhancement project. 

Evaluate Forced Meander sites on Crooked River to ascertain the
effects of rechannelization.

Evaluate both Red River sites for another year so as to document
fishery habitat condition under normal flow regimes, as runoff in
1985 was not representative of average conditions.

Continue evaluating the Bear Valley study sites to determine if
there are short-term changes from the 1985 treatment efforts.

Establish study sites in Bear Valley Creek as needed to evaluate
on-site treatments that may occur in proposed future work.

Evaluate economic viability of the stream enhancement projects.
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APPENDIX A: Tables used to measure categorical-type habitat variables
(from Platts and others 1983).

Table A-l .--Key to pool quality rating.

Pool Rating

1A

1B

1C

2A

2B

3A

3B

4A

4B

4C

5A

5B

If the pool maximum diameter is within 10% of
the average stream width of the study site1/.....Go to 2

If the maximum pool diameter exceeds the
average stream width of the study site by
10% or more . . . . . . . . . . . . . . . . . . . . . . . . .Go to 3

If the maximum pool diameter is less than the
average stream width of the study site by 10%
or more . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . Go to 4

If the pool is less than 2 feet in depth........Go to 5

If the pool is more than 2 feet in depth........Go to 3

If the pool is over 3 feet in depth or the pool is
over 2 feet in depth and has abundant fish cover2/........Rate 5

If the pool is less than 2 feet in depth, or if
the pool is between 2 and 3 feet and the pool
lacks fish cover . . . . . . . . . . . . . . . . . . . . . . . . . Rate 4

If the pool is over 2 feet with intermediate or
better cover . . . . . . . . . . . . . . . . . . . . . . . ...... Rate 3

If the pool is less than 2 feet in depth but pool
cover for fish is intermediate or better .......Rate 2

If the pool is less than 2 feet in depth and pool
cover is classified as exposed . . . . . . . . . . . . . . . . Rate 1

If the pool has intermediate to abundant cover...........Rate 3

If the pool has exposed cover conditions..............Rate 2

1/A study area is the entire 1200-foot stream reach.
2/(a) If cover is rated abundant, the pool has excellent in-stream

cover and the perimeter has a fish cover.
(b) If cover is rated intermediate, the pool has moderate in-stream
cover and one-half of the pool perimeter has fish cover.

(c) If the cover is rated exposed, the pool has poor in-stream cover
and less than one-fourth of the pool perimeter has fish cover,

272



Table A-2--Embeddedness rating for channel materials (gravel, rubble,
and boulder).

Rating Rating Description

5 The gravel, rubble, and boulder particles have less than 5
percent of their perimeter (surface) covered by fine sediment,

4 The gravel, rubble, and boulder particles have between 5 to 25
percent of their perimeter (surface) covered by fine sediment.

3 The gravel, rubble, and boulder particles have between 25 and
50 percent of their perimeter (surface) covered by fine
sediment.

2 The gravel, rubble, and boulder particles have between 50 and
75 percent of their perimeter (surface) covered by fine
sediment.

1 The gravel, rubble, and boulder particles have over 75 percent
of their perimeter (surface) covered by fine sediment.

Surface area incorporates the entire substrate particle. The underside
and edge of the substrate especially provide the bulk of habitat for
most aquatic insects.
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Table A-3.--Streamside cover rating.

Rating Streambank Cover

4 (tree) The dominant vegetation influencing the streamside and/or
water environment is of tree form.

3 (brush) The dominant vegetation influencing the streamside and/or
water environment is brush.

2 (grass) The dominant vegetation influencing the streamside and/or
water environment is grass or grasslike.

1 (exposed) Over 50 percent of the streambanks have no vegetation and
the dominant material is soil, rock, bridge materials,
road materials, culverts, mine tailings, etc.
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Table A-4 .--Streamside cover as it relates to maintaining stability.

Rating Environment Conditions

4 (Excellent) Over 80 percent of the streambank surfaces covered
by vegetation in vigorous condition or by boulder
and rubble. These materials prevent water flows
from eroding the streambanks.

3 (Good) 50 to 79 percent of the streambank surfaces are
covered by vegetation or by gravel or larger
material. These materials significantly buffer the
banks allowing only minor damage.

2 (Fair) 25 to 49 percent of the streambank surfaces are
covered by vegetation or by gravel or larger
material. The streambank cover has some but only
limited ability to inhibit erosion.

1 (Poor) Less than 25 percent of the streambank surfaces are
covered by vegetation or by gravel or larger
materials. This cover provides little or no control
over erosion and such banks are usually damaged each
year by high water flows.
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Table 5. --Classification of stream substrate channel materials by
particle size.

Particle diameter size Sediment classification

Millimeters Inches

304.8 and over
76.1 to 304.7
4.75 to 76.0
0.83 to 4.74
0.83 or less

12 and over
3 to 11.9
0.19 to 2.9
0.033 to 0.18
0.033 and less

Boulder
Rubble
Gravel
Coarse sediment
Fine sediment (sandy)
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Table A-6 .--Streamside habitat type rating.

Streambank Material Streambank Material
Rating Dominant Subdominant Rating Dominant Subdominant

1 fines
2 fines
2 fines
2 fine6
3 fine6
3 fines
3 fines
3 fines
3 fines
4 gravel
5 gravel
6 gravel
6 gravel
7 gravel
8 gravel
8 gravel
7 gravel
8 gravel
8 grass
9 grass
9 grass
9 grass
9 grass

11 grass
12 grass
13 grass
17 grass
8 rubble
9 rubble
9 rubble

10 rubble
10 rubble
11 rubble
11 rubble
11 rubble
12 rubble
11 boulder
12 boulder
12 boulder
12 boulder
12 boulder
13 boulder

fines
gravel
grass
rubble
boulder
root*
tree**
sod***
brush
fines
gravel
grass
rubble
boulder
root
tree
sod
brush
fines
gravel
grass
rubble
boulder
root
tree
sod
brush
fines
gravel
grass
rubble
boulder
root
tree
sod
brush
fines
gravel
grass
rubble
boulder
root

13
13
13
12
13
12
13
13
13
14
13
14
12
13
13
13
13
14
14
14
14
12
13
14
15
16
18
18
17
19
17
20
20
21
22
23
23
24
23

boulder
boulder
boulder

tree
sod
brush

root fines
root gravel
root grass
root rubble
root boulder
root root
root tree
root sod
root brush
tree fines
tree gravel
tree grass
tree rubble
tree boulder
tree root
tree tree
tree sod
tree brush
sod fines
sod gravel
sod grass
sod rubble
sod boulder
sod root
sod tree
sod sod
sod brush
brush fines
brush gravel
brush grass
brush rubble
brush boulder
brush root
brush tree
brush sod
brush brush

* Should include only substantial roots, e.e. brush or tree roots.
** Downfall logs included.

*** Sod has an extensive root mass and is more stable than grass or
grass tufts.
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Table A-7 .--Streambank soil alteration rating.

Rating Description

100% to 76% Streambanks intercepted by the transect line are severely
altered. Less than 25% of the streambank is in a stable
condition. Over 75% of the streambank is false, broken
down or eroding. A bank previously altered is now
classified as a false bank that has gained some
stability, and cover is still rated as altered.
Alteration is rated as natural, artificial or a
combination of both.

75% to 51% Streambanks are receiving major alteration along the
transect line. Less than 50% of the streambank is in a
stable condition. Over 50% of the streambank is false,
broken down, or eroding. A false bank that may have
gained stability and cover is still rated as altered.
Alteration is rated as natural, artificial or a
combination of both.

SO% to 25% Streambanks are receiving only moderate alteration along
the transect line. At least 50% of the streambank is in
a natural stable condition. Less than 50% of the
streambank is false, broken down, or eroding. False  
banks are rated as altered. Alteration is rated as
natural, artificial or a combination of both.

24% to 1% Streambanks are stable but receiving some light
alteration along the transect line. Less than 25% of the
streambank is receiving any kind of stress and if stress
is being received, it is very light. Less than 25% of
the streambank is false, broken down, or eroding.
Alteration is rated as natural, artificial or a
combination of both.

0% Streambanks are stable and receiving no alteration from
water flows, animal use, or other factors.
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Appendix B: Substrate composition and embeddedness for Bear Valley,
Crooked River, and Red River stream enhancement study
sites, 1985.

Figure B-1. Substrate embeddedness.

Substrate Embeddedeness by Study Area
Crooked R., Red R., Bear Valley C., 1985

FM1 FM2 CHC RRC BVP BVF

Study Area

FM1=Forced Meander #1, Crooked River
FM2=Forced Meander #2, Crooked River
CHC=Channel Control, Crooked River
SLC=Sill Log Control, Crooked River
RRC=Lower Red River Control
RRT=Lower Red River Treatment
BVP=Bear Valley Poker Meadows
BVF=Bear Valley Fir Creek
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Substrate composition by size class
Crooked River, Forced Meander No. 1

Substrate composition by size class
Crooked River, Forced Meander No. 2
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Substrate composition by size class
Crooked River, Sill Log Control

%LFIN (1.6%)

Substrate composition by size class
Crooked River, Channel Control

%BLDR (6.4%) %SFIN (6.4%)

281



Substrate composition by size class
Bear Valley Creek, Fir Creek

%BLDR (1.7%)

Substrate composition by size class
Bear Valley Creek, Poker Meadows

%BLDR (0.4%) %SFIN (3.8%)

%RUBL
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Appendix D
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Stream Date Collectors
Subbasin Length (M) Comments

Vertical Drop (M)

BPA PROJECT: :
Gradient ( %)

Strata
Section
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