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NORTH FORK FEATHER RIVER MANAGEMENT PLAN 

Introduction 

This plan for management of f>isheries resources of the North Fork __,_ __-- --- - 1 -  

F e a the r R i v er_i_s &+ase@.- y~~~Re-~-$~:sp-Ftg-*of _s 1 x . ye atr s o f F3?q 
..fzbim-1-981--198'6 % by the California-Department of-O~ish and Game 
'(-D~G)-and iipont-dther available resource data. Results of the 
studies are contained in a data report covering the years 
1981-1986 titled, Rock Creek-Cresta Proiect (FERC 1962), 
Fisheries Manasement Study, North Fork Feather River, California, 
July 1 ,  1988, Region 2, Environmental Services. 

The North Fork Feather River Management Plan includes the area of 
the North Fork Feather River and East Branch from Poe Dam to its 
confluence with Spanish and Indian creeks (Figure 1). This plan 
establishes fishery management goals and provides recommendations 
for restoring the trout fishery. In addition, a management 
evaluation and monitoring program -is proposed and further study 
needs are recommended. 

The single most important fishery management tool suggested for 
restoring the trout fishery in-the ~orth Fork is: habitat 
preservation, restoration and improvement. Others follow 'and are 
ranked in descending order of importance as follows: 

1. Habitat preservation, restoration, improvement. 
a. Water temperature. 
b. Flow. 
c. Spawning habitat improvement. 
d. ~arrier removal and tributary recruitment. 
e. Sediment control. 

2. Fish production. 
a. Natural production in river reaches. 
b. Suitable domestic catchable-sized or wild native 

trout in the reservoirs. 
3. Recreational access and development. 

a. Reservoir boat launching and angler access. 
b. Camping facilities. 

4. Regulation changes more restrictive than two-fish 
limit. 

- -- -- - -- - - _  I 

,23he ~ock.&reek;g~e$ta -~$9~c_tIr@>~,~,~lyr&t l i ;~r !  in 195-0; hds ; , *ah. we &~4,1u + A- VG*' *I w,'b -- 
%resulted -in-ma j~ reductions in' bhe kout .fishgrg, without 
L - - ..-- -..- - - -  - -  --- - -  
creating-new--re~~-*-- As--wi-1+ be--$iscus,sewd,,~the ca 
f~&&&~lossbs.are. attribut9d t o  shbs,ta/n&iaM,~-r~e,d&~~ 
-flzwg,--1qss of spamisg pabitat', inct-eased water temp 
sedimentat$pn. SL -- 
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Resource Status 

General Settinq 
I--- c -- 
Th-e- Rock ~ree,kz~res_Ea ,Fro jeqt OFERC Project No. 1962) isI~-occ!t%d 
on txe Nb-rth.ork_ Feather- ~ i x e r  (NFFR) in Butte and Plumas 
Counti'e-sr California. The NFFR is the main tributary of the 
Feather River System which is a major tributary to the Sacramento 
River. The NFFR originates on the southeast slopes of Mt. Lassen 
and flows south for approximately 101 km before reaching Lake 
Oroville in Butte County.. Included within i,ts flow is the East 
Branch North Fork Feather River, which extends 29 km eastward, 
and more than 30 small tributaries that converge along the NFFR, 
contributing to the large watershed (5776 square km). 

The upper watershed consists of a broad plateau-like basin, which 
is densely timbered except for several large meadows.' The 
largest of these meadows, named Big Meadows in pioneer times, is 
now inundated by Lake Almanor, a 101-square-km reservoir. 

Below Lake Almanor and below the confluence of Spanish and Indian 
Creeks on the East Branch, the NFFR has cut a deep, rugged canyon 
downstream to Oroville. This reach of the NFFR is paralleled by 
State Highway 70 running through,.most of the famed Feather River 
Canyon. 

--1- - -- -- - - - 
TQ$ &txgaz&$s been highly modified-for. power pr_oduction bd 
pacifi-c- Gas -a-nd _Electric j ( PG&E) . Between Lake Almanor, the first 
major impoundment on the system, and Lake Oroville some 100 km 
downstream, there are four smaller impoundments on the ~orth' Fork 
and two impoundments on tributaries (Figure 1). 
J - -  - -  - 
,$re-constr-uc-tion and operation of PGIE ' s Rock Creek-Cresta 
Project together with these other hydroelectric water storage 
\&velopments within the NFFR system have changed the aquatic 
hhbitat and fishery r e s o , u r ~ c e s ~ w i t h i n ~ ~ t h e ~ R o c k  - creek-~resta 
)s--of the r. TheiSi~pgt@&sa~fI,r+@m creation of rese&'ir,oirg 

h mn-m Bnd reduct=p_n i ream f lo,ws has result.ed-,in?\a habitat that 
f avors-%ongame - fish -- - -.- species -rather that trout i(usFS;Js 1 962; Moyle 
Gt -Zr.-l 9-0 3') T' 1 

In the initial application for project construction, the sponsor 
(PG&E) made no provisions for minimum flows for the protection 
and maintenance of fish life in the project area, allowing .for 
only tributary inflow and leakage from the dams to satisfy 
instream flow needs (USFWS 1948). 

-- 
In 1947 the U.S. Fish and Wildlife Service (USFWS) and the DFG 
began investigations to :determine flow requirments for the 
maintenance of fish and'wildlife resources in the NFFR from Lake 
Almanor to below Cresta Dam. From these investigations, 

. :. . . - .,., ,,+.> ..." .......I. . . . . . .  . . . .  . . 
. . . . . . .  . . . .  . , 
i'. .: - . 
-, . ;- , 

. . ,. . . . . . . . . . . . .  . . . . . .  . . .  .: . .  -$ r.. . 



recommendations were made for the minimum instream flow release 
needed to maintain a viable trout fishery and were agreed to by 
the USFWS, U.S. Forest Service (USES), DFG, and PG&E. The 
initial appraisal, including minimum stream flow recommendations, 
was a joint effort of the USFWS, USFS, and DFG and was released 
as a memorandum report in early 1948. This memorandum report 
recommended a minimum flow of not less than 200 cfs be released 
from Rock Creek Dam and Cresta Dam as measured at the point of 
release from the dams (USFWS 1948). This report stated further 
that : 

"flows greater than this would enhance fishery 
values, and careful study indicates that the 
fishery resources might be maintained at or 
near their present levels of abundance with a 
minimum flow of about 400 second-feet". 

These flow recommendations, were revised and the revised numbers 
included in Article 13 of the Federal Power Commission License 
No. 1962 as amended February 15, 1950. The revised flows 
required minimum releases below Ro-ck Creek Dam of 100 cfs from 
~ a y  1 through October 31 and 50 cfs from November 1 through April 
30, and in the Cresta Section below Grizzly Creek (0.8 km below 
~resta Dam) 50 cfs year-round. Due to project ope;ation these 
minimum strea~-crw~~~~~'-liioth---river sections are considerably less 
than unimpaired natural' flows  a able 1). 

Table 1 .  Summer flows (cfs), May through October, North Fork 
Feather River. Mean annual flow in parenthesis. . 

Gaue Stati-on Site 1905-1 91 3* 191 4-1 948+ 1950-1 983 

Below Pratville at 
Canyon Dam 1124(1156) -- -- 

8 ,  

Pulga ' 281 7 (3683) 21 61 (26j8)~ : -- 

Below Rock Creek Dam -- -- lo~** 

Below Grizzly Creek, _ _ .. -- 50++ 
/ 

below Cresta Dam 

* Unimpaired flow prior to construction of Lake Almanor. 
+ "~mpaired" flow below Lake Almanor, pre-Rock creek/ 
Cresta Project. 

1 .  ** Minimum flow release reduced to 50 cfs ~ovember-~iril. 
I ++ Minimum f m w  release all year.. 

I 
. / ,  

Prior to the cbmpletion:tof Lake Almanor in 191 4, the unimpdired 
a May through October mean' monthly ,flow for the, years 19 . .. 05- to 1 9 1 3 

. . . . . . 
> ,  <.,.p:... ., '> ,.,<-:.,, 

' . . . .. , . 
, , 

, , 
: I...::, 'S .. ;., :. , ; 

. . . . . . .(,_i.... : ,..,. ;. >-! ,:-.,.,. .,:.,:..:,. '.. : - ,  ._.... _.. ... 7 .  .. 



was 1124 cfs at the present site of Canyon Dam at Lake Almanor 
(below Prattville) and 2817 cfs near Pulga, just downstream of 
the Rock Creek-Cresta Project site (USGS 1905-1913)(Table 1). 
However, the mean annual unimpaired flow for the 1905-1913 period 
below Prattville was 1156 cfs and 3683 cis at Pulga. The minimum 
mean monthly flow for this nine year period at Pulga was 856 cfs 
(September 1913). 

After completion of Lake Almanor but prior to the completion of 
the Rock Creek and Cresta dams in 1950, pre-project impaired 
summer flows for the 34 year period 1914-1948 averaged 2161 cfs 
at Pulga for May through October (USGS 1914-1948)(Table 1). The 
minimum mean monthly flow at Pulga for this 34 year period was 
479 cfs (October 1 9 3 3 ) .  

River Reaches 

The Rock Creek-Cresta Project, completed in 1950, altered 29.5 km 
of river from Cresta Powerhouse to Belden and transformed 28.4 
percent of the river channel into small reservoirs (Rock Creek 
and Cresta). Each reservoir is approximately 4.2 km long. The 
Cresta Section was further impacted with the completion of the 
Poe project in 1958 when Poe Reservoir was built downstream of 
the Cresta Powerhouse. 

The Rock Creek-Cresta Project originates at the head of Rock 
Creek Reservoir (elevation approximately 670 m) near Belden Town 
and extends downstream to Cresta Powerhouse (elevation 
approximately 427 m). Two separate sections of the NFFR exists 
within the Project area. The Rock Creek Section, 13.5 km in' 
length, extends between the Rock Creek Dam and Powerhouse. The 
Cresta Section, 7.9 km in length, extends between the Cresta Dam 
and Powerhouse. Both section have similar stream habitats and 
contain similar fishery resources. 

History of the Fishery 

prior to the completion of State Highway 70 through the Feather 
River Canyon in 1937, fisherman could ride the Western Pacific 
Railroad fis is her man's ~xpress") t d  several sites in the canyon 
for excellent trout fishing. 

_ _I_-- - -----__I - _ 
(The N ~ ~ + h - ~ o r k -  Ee at her ~ivef-was-~o~cp~ecogniz-ed-as-a--prime - trout: 
stream: This turbulent stream and the surroundinKrugg%d-Terrain 
GSrr-df great -- -- recreational and scenic value (USFWS 1962). S i o G  

fhe ijb i.fE;i3?$rz $. e&f he~;~~~,v~r~do~W&tr~e,~~&&~m :txe- :RO% 17-3 
m,,,yL%_s .a --A-...~ l-arge I fast-floying .- - --.. A - - sIt,r.rw contarn-ing - a _ _ _ _  trophy) 
trout fi:she%yi III~az-el ek at. 1976). &iales:'and HAqp&?$ . 

( 1 9 ~ ~ ~ ~ s ~ ~ ~ d ~ , t h a , t ~ ~ ~ ~ r ~ a ~ ~ ~ ~ o w ~ a , n d _ _  From grout were- ----- i n  abucdan-ce-. in; 
,tFi section--of_ the _NF-FR_-GO be alEerSdd -the proposed Rock Creek- 
c _L ---- - - 
cr-esta Project and without power development it would eventually 
become one of the most heavily fished trout streams I n  - 



Indeed, angler effort within the pre-pro ject area incIf$46_: was 
gler-days-,l(t~SF~S ,+ lh Fi.,kwb4mn dl L, 1948 1 and Wales and Hanson 
1 trout wer'gtc&5ht pG=l;2$gl"&r-d+<. 
er angler-Bay " t h i s  app$*oximates .a, cat& 
u 'By 119_54the post-project catch -- 
23 - and _0_. 29 for the R O C ~  Creek and Cres-ta-, 

sections respec.tiveLy (Rowley 1955). TKe fishery- continued $0 
deTline inspite of efforts to ,,restore, Fee' f'$$&rr 't9frough) - 3 4  ,td,.: che$ical- treatments, fish s tg-c-k<:hg -;d r:=diic'edl-bag- llmlts'. - _ _ a  _ _ ) 
~s'tr'n'ates of angler-use in,- I976 were 2,000 angler-days and during 
the five year period ~<1-~-%-1--195, - /mee& !annual ;@J.ues oficx!-ch:per -I -U 

""v&~rk$our~ w-e-xe10 .-2-l_ and. 0.18 respectivelx.!for the Rock Creek ang--- 
and Cresta sections, while totalw*-angl-erLdays averaged 5,236 for 
both sections combined (letter to Lloyd Britton, USFS, 1978; DFG 
1988). 

A pre-project study conducted in 1946 by the DFG estimated 36,000 
angler-days were used to catch 108,000 trout annually on the NFFR 
from Canyon Dam to Cresta Powerhouse (Wales and Hanson 1952). 
~ased upon this data, annual angler effort within the Rock 
Creek-Cresta Project area was estimated at 31,500 angler-days 
(USFWS 1948). A post-project evaluation of the instream flow 
release agreement was conducted in 1962 by the USFWS. This 
report stated: 

. ,/;I. .below Belden the fishery resources in North 
Fork Feather River have been destroyed. Reduced 
flows and stream fluctuations associated with 

of hydro-electric power have altered 
habitat once favorable for protection of trout to 
one suitable for nongame fish. Principal nongame 
species of fish inhabiting this section are sucker, 
\hardhead, squawfish, and sculpin". 

post-'project fishery resources in both stream sections have been 
dominated by nongame species, particularly Sacramento sucker, 
Sacramento squawfish, and hardhead (USFWS 1962; PG&E 1979; Moyle 
et al. 1983; DFG 1988). 

/ 

Chemical treatments in 1966 and 1977 drastically reduced the 
standing crops of all fish species in the Rock Creek-Cresta 
Project area. The standing crop of trout, following the 
treatments, were increased through restocking efforts. Through 
this restocking, the fishery was restored for relative short 
periods of time. Less than two years after each "improvement1', 
the fishery again-rapidly deteriorated (Hazel et al. 1976; PG&E 
1979; Flint 1980; Moyle,et al. 1983). While the only significant 
stocking occurred immediately following the chemical treatments, 
infrequent planting of surplus fish occurred during other years. 
These infrequent plants were primarily in Rock Creek ~eservoir 
and the Rock Creek Section. t A 

-,a, . a 



A trout limit of two fish per day was initiated March of 1978 
with the intent to manage the system as a trophy fishery and to 
encourage predation by trout on nongame fish (Flint 1980). 

Exist.inq Fishery 

Prior to 1980, long-term, detailed studies documenting project 
effects had not been conducted. Therefore, as part of the FERC 
relicensing process, DFG proposed an intensive six-year study of 
the Rock Creek-Cresta's aquatic and fishery resources. This was 
mutually agreed to by PG&E and supported by several interest 
groups. 

- -,.-- - - .. - ........ . - 
~ - f i T ~ ~ ~ - o f  1 980, PGIE agreed --to--£ und--a- six-year sEuay of the i_ -_---- 

- in a-n-----t-cempt .to project ' s stream sections, and~"reservoirs, 
determine a means. to protect the fishery resources and mitigate 
if necessary the project's effects. 

Trout' Habitat 

The NFFR runs through a rugged narrow canyon of relative low 
gradient dominated by large boulders and bedrock as substrate. 

. . 

The Rock Creek and Cresta sections can each be divided into two 
distinct subsections. The upper 7.6 km of the Rock Creek Section 
and the lower 4.7 km of the Cresta Section are characterized by 
low stream gradient (5.7 and 3.8 m/km, respectively) and long, 
deep pools connected by relatively short riffles and runs. In 
contrast, the lower 6.0 km of the Rock Creek Section and the 
upper 3.2 km of the Cresta Section are characterized by steeper 
stream gradient (14.2 and 10.4 m/km, respectively) and swifter 
waters in a boulder-strewn canyon (PG&E 1979). 

Thick riparian vegetation greater than 1.5 m tall covers less 
than 40 percent of the bank area in each river section. Aquatic 
weed beds are non-existent (DFG 1988). 

Estimates of spawning habitat indidate that virtually no suitable 
gravel is available in the main river (DFG 1982). Total 
available spawning gravel in the Cresta and Rock Creek sections 
was estimated at 125 and 392 square meters, respectively. These 
estimates represent 0.07 and 0.13 percent of the total area 
available in the two respective river sections. These spawning 
gravels are generally limited to.patches of gravel-behind large 
boulders. It is believed the majority of spawning now occurs in 



selected tributaries to the main river. However, sixty percent 
of these tributaries have man-made barriers near the mouths 
preventing adult trout spawning migrations and thereby reducing T~Y total habitat available. ,/ 

Lb 
I--' - - v -  - - - c during much of the ~:u$~l,b~.qq~~. - r ~-m~*urwmerd~IFilp 9-i o , ~  g4yj#ya,l 18 e ?c-e,e'd 

ig 7- (a"& ; 2  3&;$d,,g . - I tions lare-.a --f_e_wAr_de_gree_s 
warmer (PG&E 1979). 

At the present, the .river moves considerable sediment',from 
upstream sources transported downstream through the East Branch 
to the Project area. ' A s  a result, PG&E is evaluating plans to 
dredge Rock Creek and Cresta reservoirs to remove a portion of 
the accumulated sediment's. 

Fish Populations 

There are eight species of fish established in the NFFR area of 
the Rock Creek-Cresta Project. The principal trout species 
present are the rainbow trout followed by a much smaller 
population of brown trout. Nongame fish populations are 
dominated by Sacramento sucker followed by Sacramento squawfish 
and hardhead. Smallmouth bass are found primarily in the Cresta 
Section but are occasionally found in the Rock Creek Section. 
This species contributes little to the sport fishery. Sculpin 
are very numerous throughout both sections, while brown bullhead 
are present but are rarely seen in the angler's catch or standing 
crops. 

d..- q;,,; - - - 
(~~~~fi'r:~!o~ul2t%ns--&e monitored esch! f all - from ,19821 throubh 1 985 
by electrof ishing. --0vef Fhe four year period, dXin@ow trout 
aver agbed -1 2.. 0 8- -andm2@fi8@&9*.p,e.rIq,e~n tiggifgthe numbes ,I1.&;ag$e,ed in the-:.! . , & I  ,"Q" fi "+"-- m#++r te Cresta:,.and.,..8g,ch&,,&r+eek sec i~,~~&e$~~g$~i~elL., ~w_hiie-S.acramento -J 

.suckkr. .._- -  averaged 65.20 2nd: 49: 29 percent;, respectively (Table 2) . 
~hese populations averaged over the years 1982-85 can be compared 
to samplings associated with each chemical treatment in the Rock 
Creek Section during 1966 and 1977. 

/ 

The differences observed between the estimates in test sections 
associated with chemical greatments (1966 and 1977) and the 1982- 
1985 sampling, using electrofishing gear, are most likely due to 
sampling method and sample site. 



Table 2 .  Percent of total number sampled from electrofishing 
and chemical treatments. 

. . Percent of Total- Number Sam~led . 
Rock Creek Section. Cresta Section 

<7-9'6"61+?'~ ."l 9  7 7 <: ~1-9.8 2  - 8 5  -1 9 8  2 -8'5) 4 \.-___- > 

.L' 

Brown Trout 0  0 0 . 6 0  1 . 9 3  
Brown ~rout(hat)** - - -- 1 . 2 9  . I .  24 
Rainbow Trout 2 . 1 3  4 .46  22 .89  1 7 . 0 8  
Rainbow ~rout(hat) -- . -- 1 . 5 4  1 . 5 4  

Sub-Total: 2 . 1 3  4 .46 . 2 6 . 3 2  21 .79  
, . 

S. Sucker 72 .02  46.40 49 .29  6 5 . 2 0  
S. Squawfish 4 .83  12 .97  8.00 6 .22  
Hardhead 1 0 . 1 6  14 .29  1 3 . 2 5  1 . 5 0  
Smallmouth Bass 0  5.88 0 .09  2 . 2 2  
Misc. 1 0 . 8 5  16 .01  3.05 3 . 0 7  

Sub-Total: 97 .86  95 .55  7 3 . 6 8  78 .21  

Grand Total: 
no. /ha 1594  987 1 3 8 0  91 0  
kg/ha 578 .9  252.7  2 2 6 . 5  8 6 . 4  

* data from chemical treatments 
** (hat) indicates fish of hatchery origin. 

Manasement Goals 

The goals for trout restoration and management on the North Fork 
Feather River are: 

1. The natural reproduction and rearing of trout shall be 
encouraged to the greatest extent possible by protecting and 
improving the habitat of the NFFR and its tributaries and by 
affording protection from disease, predators and competing fish 
species. The habitat characteristics considered critical are: 

a. adequate and stable flows'for protection of trout 
habitat. 

b. suitable water temperatures for adequate trout growth. 
c. adequate clean spawning gravels. 
d. high water clarity with low values of suspended 

sediments-and settleable solids. 
e. access by adult trout spawners to spawning areas in 

tributaries as well as the main river. 
t 



2 .  Maintain optimum trout populations of a size structure 
capable of,producing outstanding trout angling opportunities 
including the opportunity to creel and/or catch and release fish 
over 12.inches. This:shall be done by maintaining a catch per 
angler-hour (based upon fish sized 10 inches or greater) at the 
rate of at least 0.50 for creeled trout or at least 1.00 
including catch and release fish for each of the reservoirs.and 
river reaches in the Project area. 

3. The management of the trout resource in the river reaches of 
the NFFR and the East Branch from Poe Dam to the confluence with 
Indian and Spanish creeks, should be concerned with optimizing 
the adult rainbow and brown trout habitat by optimizing 
conditions for growth,and survival, but at the same time provide 
sufficient conditions for spawning and rearing of fry and 
juvenile trout to sustain full use of adult habitat. 

4. Mitigation for angler-use lost through project development 
should be obtained from the Rock Creek-Cresta Project sponsor. 
Estimates of angler-use indicate that up to 76,000 angler-days 
may have been expended on the North Fork of the Feather River had 
the project area existed today in its natural state. Should full 
mitigation in the project area prove to be impractical, 
compensation will be stought in the non-project areas from Belden 
Powerhouse to Gansner Bar and the East Branch of the NE'E'R, or 
other areas of the North Fork drainage such as Yellow Creek and 
Humbug Valley. 

5. Supplement natural production and enhance angler-use in 'the 
project reservoirs through the use of hatchery produced trout of 
suitable domestic strain or wild fish. 

6. Evaluate and monitor changes in the habitat and fishery to 
direct future management. 

Manauement Proqrams'and Recommendations 
/ 

Specific programs to achieve the management goals are: 

Water '~emperature 
I 

..- . -  ...-, . . . . . _ . . . .  ._ . . . / . _ .  . -  _ _-_ . , __ ,_____  "__  -....-. . . .  ' -  - . - . . . . - .  --- __ _ . .  - e--- - - -  

(~5Zt ,.J.-a-z-d,. .pro ject ..--.: (Rock .-, creek-~rer ta hydrqglecf Ti:= ;, f,?q.l,@ies) , water-.-. I , :.? 
:t,em@eraBureS +.'.the;l~~~, ,have lon,g,  been ,~.,s,u~p,~c,$:asa . . .  c-aus,e f ,OT.,,J 
h$:dg&yi& . . _ - ,_____  . .__ of , 'the:.&e.kp-ro jet . tt.&phy_f i&ef ~.~..('usFws 1962 ) .  ; In 
196.2 a USFWS post-pro ject evaluation report recommended that;=,DFG 
study water temperatures as a'means to provide suitable habiat 
for . . trout .. .. ..; (USFWS .(i.7 ?$.:. .... ..... 1962); PG&E . . . . . . . . . . .  (1979) . . .  has also ........ identified'water::,, ...p ..! .. .. 

. t , .  
: . . . . . . . . . . .  . .  .., , . , . . , . ..... . . .  ..,"~~~;,;**.., *.;, ::., 2:. ::., -fl ,+.; & '  '.'*pf,yw. ..? . . . .  ... :: . . . . . .  ,.,>.,., <. :. ?. 7 by:: ;%$:.?&~.-,;!i:<, . .  . .  . . .  .. ,. ~ . .  . . . . .  .. . . .  . .  :.l.z: .: .: ,.''?:!a 
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temperatures as one of the two factors that may be limiting trout 
production on the NFFR. 

Raleigh et al. (1984) stated that stream rainbow trout select 
temperatures between 12 and 19 C. Hooper (1973) has stated that 
"flourishing trout populations are not Sound in streams 
exhibiting temperatures in excess of 70 F (21 . 1°c) for any length 
of timett. Hooper states further that "a good &rout streag should 
have summer temperatures $,n theorange of 50-60 F (10-15.6 C), 
with an upper limit of 68 F (20 C)". According to Hokanson eto 
al. (1977), zero growth rates for rainbow trout occurred at 23 C 
in the lab. Wurtsbaugh and Davis (1977) suggested "any 
substantial increase of stream temperature with out a concomitant 
increase of food abundance would result in decreased trout 
production". Wurtsbaugh and Davis go on to say that "temperature 
related effects on the stream community may result in changes in 
the quantities of benthic organisms upon which the fish subsistt'. 
Smith and Li (1983) found that juvenile rainbow trout sought 
higher focal point velocities as food demand increased at higher 
temperatures. Water temperatures which affects standard 
metabolic rate and thus food demand is one of several energetic 
factors to which trout respond when selecting veloci&ies (Smith 
and Li 1983). Brungs and Jones (1977) determined 19 C as the 
maximum weekly average temperature for growth for both juvenile 
and adult rainbow trout. 

The number of days the daily mgximum water temperatures were 
within specified temperature ( C) intervals for July, August and 
September at Storrie (Station,R9) near the downstream end of the 
Rock Creek Section and near Cresta Powerhouse (Station C1) near 
the downstream end of 'the Cresta Section aresummarized in Table 
3. 

temperatures 
in the 

. . . . . . . . . . . . .  
. - --- ____,C-- -- - - 



,~~able--3;.> -- .. Summary of the number of days the daily maximumowater 
-I-- " -f temperatures were within selected temperature ( C) 

intervals. 

Rock Creek Section Cresta Section 
Station R9 Station C1 

Year t l 9  > 1 9 ~ 2 1  '>21 N < I 9  > 7 9 ~ 2 1  >21 N - 
July : 

1.9 8 1 
1982  
1983  
1984 
1985  

August : 
1981 
1982  
1983  
1984  
1985  

na na. . 
2 25  
0 3 1 .  

16 31 
27 31 

September: 
9 9 8 1981 1 0  11  30 1 3  30 ' 

1982 26  4 0 30 22 8 0 30 
1983  2 2  1 0 23  4 1 3  0 1 7  
1984  1 0  20 0 30 11 1 9  0 30 
1985  30  0 0 30 29 1 0 30 

TO improve the water temperatures for trout, colder water needs 
to be obtained from Lake Almanor for release'downstream. 
Generally, the temperature of the water transferred through the 
power tunnels does not change. Thus, the temperature of the 
water entering the Prattville tunnel from Lake Almanor greatly 
influences water temperatures downstream. During the Rock Creek- 
Cresta project DFG and PG&E documented that cold.water was 
present in Lake Almanor and was not completely drawn upon by the 
prattville intake for release downstream (DFG 1988;  WCC 1 9 8 6 ) .  

RECOMMENDATIONS: 

1 .  For adequate' trout'growth, daily maximum water temperatures 
in the NFFR Rock creek+cresta project area shall not exceed tge 
upper limit . of . the range recommended by Raleigh ( 1 9 8 4 ) ,  $2-19 - C. 
2 .  Continuous ;.recdrdin^g' thermographs designed- to measure daily 

... water temperatures be installed near the downstream end of the 
~ o c k  week and Cresta sektions. These sites. should.be maintained 
dur.ing the . L May . : . , through, . , . . October period for the :lifer . of , the. 
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3 .  Water temperature control facilities be installed at ~ a k e  
Almanor and Butt Valley Reservoir. 

Instream Flows 

Rainbow trout sustain the most important fish resource within the 
~ o c k  Creek-Cresta Project area based upon its economic and 
recreational attributes. This significance must be reflected in 
setting minimum flow requirements within the project area. 

There is a definite relationship between the annual flow regime 
and the quality of trout habitat. The most critical period is 
typically during base flow (lowest flows of late summer to 
winter). A base flow greater than or equal to 50 percent of the 
average annual daily flow is. considered excellent for maintaining 
quality trout habitat, .a base flow of 25 to 50 percent is 
considered fair, and.a base flow of less than 25 percent is , 

considered poor'(Ra1eigh et al. 1984 adapted from Binns and 
Eiserman 1979 and Wesche 1980). 

However, in some steams the major factor limiting salmonid 
densities may be the amount of adequate overwintering habitat 
(Bustard and Narver 1975). 

Burt and Mundie (1986) studied the effects of 81 case histories 
of regulated stream flows and found that 76 percent of the cases 
studied yielding known outcomes showed decreased salmonid 
populations. From these cases showing reduced salmonid 
populations, 60 percent were associated with flow reductions, and 
the greatest loss of fish was directly related to the removal of 
greater than 30 percent of the pre-project flow. Similarly, 
Baldrige et al. (1987) found reductions in trout populations and 
biomass with a slight increase in nongame fish populations 
associated with partially regulated streams. While in fully 
regulated streams, trout populations disappeared and nongame fish 
dominated. 

However, Burt and Mundie (1986) found additional factors 
associated with flow regulation that contributed to a reduction 
in number of salmonids. They were: blockage of habitat 
(occurring in 35 percent of cases with reduced salmonids), 
sedimentation of habitat (in 29 percent of cases), fluctuating 
flows (19 percent), changes in water temperature (17 percent), 
pollution (6 percent), difficulty of passage for downstream 
migrants (6 percent), absence of gravel recruitment (4 percent), . 
inundation of habitat (4 percent), and gas supersaturation. (2. 
percent) . . 

b' 

~t is the policy of the Fish and Game Commission as well as the 
California Fish &d Wildlife, Plan that natural producCion':'and '-.- 
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rearing of trout will #be encouraged to' the greatest extent 
possible by protecting and improving habitat and by affording 
protection from disease, predators and competing fish species. 
Since the fishery in the Rock Creek-Crest area is dependent upon 
adult fish in the catch and adult spawners ar? required for 
natural production, stream management in the Rock Creek-Cresta 
Project area should be to optimize adult rainbow and brown trout 
habitat an-d to provide sufficient spawning, fry and juvenile 
habitat to sustain full use of the adult habitat. 

From studies using the Instream Flow Incremental Methodology 
(IFIM) in the Rock Creek and Cresta river section during 1986, 
the flow regime that p'rovides optimum adult rqinbow trout habitat 
has been identified (Hardin-~avis 1986). 

The flow that would provide optimum adult rainbow trout habitat 
in the Rock Creek Section is 260 cfs while 325 cfs is required in 
the Cresta Section (Figures 2, 3). Although these flows do not 
provide for the greatest spawning, fry, and juvenile habitat 
there is little loss iln habitat for these life stages 
particularly in the Rock Creek Section. 

These flows of 260 cfs in the Rock Creek Sect'ion and 325 cfs in 
the Cresta Section constitute only 7.1 and 8.8 percent 
respectively of the un'impaired 1905-1 91 3 mean 'annual flow of 
3,683 cf s as measured :at Pulga. I 

Brown trout are an 'important trout species in ,the Rock Creek- 
Cresta area fishery. However, wild brown trout contributed less 
than seven percent to the angler's creel over, the years 1981-1 985 
as determined from angler surveys in the Rock 'Creek and Cresta 
sections. The recommended minimum flows for ,adult rainbow trout 
will not significantly reduce brown trout hlabitat in. the 
respective river sections (Figures 4, 5 ) .  

I 

~ ~ ~ e n d i k  I contains weighted useable area ( W W K )  of fish habitat 
vs flow relationships for Sacramento sucker, Sacramento 
squawfish, and hardhead. I 

RECOMMENDATIONS: 
1 ' 1 

/ 

1. The minimum fish flow release schedules fr'o* Rock Creek and 
Cresta dams for optimum adult rainbow trout habitat shall be: 

~ o c k  creek Dam - 260 cfs, all ye,ar 
Cresta Dam - 325 cfs, all year 

2 .    he flows are--to bb measured at the point of release from, 
Rock' Creek Dam and Cresta Dam. 

r' 
I ,  
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Spawninu Habitat Improvement 

Spawning habitat is sorely lacking within the Rock Creek and 
Cresta sections due to the lack of suitable gravels created by 
the lack of gravel recruitment below dams and the presence of 
barriers to migration. Historically, migrating runs of trout 
spawners from these reaches had access to large spawning areas 
now blocked by Rock Creek and Cresta dams, such as: Chips Creek, 
Yellow Creek, N.F. Feather to Seneca and tributaries of the East 
Branch (Figure 6). Spawner collections at barriers during the 
study period 1981-1985 showed the presence of.large numbers of 
adult spawners that were prevented further upstream migration. 

Results of a habitat survey in 1981 indicate the estimated total 
available spawning gravel at 1 2 5  square meters in the Cresta 
Section and 3 9 2  square meters in the Rock Creek Sec'tion. These 
estimates represent 0 . 0 7  and 0 . 1 3  percent of the total area in 
the respective river sections. These spawning gravels are 
gen.erally limited' to patches of gravel deposited behind large 
boulders. 

Estimates of spawning habitat were.again.made in 1986 during 
instream flow studies. These spawning simulations were 
'inconclusive since the substrate code used was unable to depict 
the small amounts of gravel in the channel, and when gravel was 
present, it was often found in edge cells where the hydraulic 
simulation was less, accurate. 

It is believed the majority of spawning activity now occurs in 
selected tributaries to the main river. However, sixty percent 
of these tributaries have man-made barriers near the mouths 
preventing passage of adult trout,spawners and reducing total 
habitat available. A tributary improvement feasibility study for 
selected streams of the North Fork of the Feather River was 
prepared by Reiser and Ramey ( 1 9 8 7 ) .  The Study identified 
problem areas in the tributary streams and developed concepts for 
habitat enhancement in each using gravel placement and artificial 
spawning channels. 

Experience in habitat restoration,/through gravel placement to 
restore .or rejuvenate gravel or the creation of artificial trout 
spawning channels is limited. A current project in Wyoming on 
tributaries of the Snake River involving renovation of spawning 
gravels has resulted in significant increases in returning 
spawning cutthroat trout (Kiefling 1 9 8 5 )  . In California, PG&E 
has restored gravel on Helms Creek but no post-project evaluation 
has been complete_d_. Reiser and Ramey ( 1 9 8 7 )  list 1 6  additional 
projects using gravel placement for habitat enhancement 
throughout the. United States and Canada. Fourteen of the 
projects were evaluated "with 1 2  of the projects designated as 

. . . . . . . . .  successful . and . meeting project objectives. . . . ,,.;: .... :...-. . . . . . . . . . . .  . . .... . . ... . . ..... ., . . : . . . . . .  . - . , .. - .r, .( .:-<: ':: .' .'. 
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i ; e g u r e  5. Map of t r i b u t a r i e s  found i n  t h e  
~ & f t h  Fork F e a t h e r  River  S t u d y  a r e a .  



Channel in Inyo County (Johnson et al. 1966). Built in 1962 by 
the Los Angeles Department of Water and Power, it has realized an 
increase in brown trout.spawning'pairs of 118 in 1962-1964 to 500 
in 1971-1972 (Deinstadt 1987). Several channels -have been built 
for salmon spawning on the Pacific Coast and success has ranged 
from poor to excellent. Reiser and Ramey (1987) list 9 
.additional habitat enhancement projects using spawning channel. 
Eight of the pr0ject.s have been evaluated with 7 projects listed 
as successful. 

1. Improve. and maintain the spawning habitat.for trout in 
selected tributaries. Following the phased approach developed by 
Reiser and Ramey (1987), implement the measures proposed for 
Opapee and Chambers creeks as follows: 

a. Opapee Creek - develop a 750 foot long off-stream 
spawning channel. 

b. Chambers Creek - place clean gravels in the streambed 
at selected locations within the lower 900 feet of 
the creek. 

2. Implementing the above mentioned projects initially will 
allow for the combined testing of spawning channels and spawning 
gravel placement as tributary enhancement measures. Should these 
prove effective, then the remaining measures proposed by Reiser 
and Ramey (1987) should be implemented on Milk Ranch Creek and 
Granite Creek as follows: 

a. Milk Ranch Creek - develop a 600 foot long off-stream 
spawning channel. 

b. Granite Creek - place clean gravel in the streambed 
in the lower portion of the creek, realign the 
lower 150 feet of channel. to reduce stream gradient 
and improve upstream passage for.trout spawners. 

3 .  Improve and maintain the spawnl'ng habitat for trout spawning 
in various river reaches and additional tributaries should the 
recommendations in1 above prove to be effective as follows: 

Section : 

Main River - rejuvenate selected riffles with gravel 
-- placement for trout spawning. 

Grizzly Creek - increase existing trout spawning areas 
wibh suitable gravel placement. 



b. Rock Creek Section: 

Main River - rejuvenate selected riffles with gravel 
placement for trout spawning. 

Rock Creek - increase existing trout spawning 
areas with.grave1 placement if response 
From improved passage over the barrier 
warrants the project feasible. 

c. Belden Town to Paxton: 

Soda Creek, Rush Creek, and Mill Creek (at Hallsted) - 
rejuvenate riffles in these tributaries 
if response from barrier removal warrants 
a project feasible. 

4. Increased hydroelectric development or enlargement of 
existing facilities wikhin the N.F. Feather kiver watershed that 
reduce.the effects of flushing flows that are required to 
maintain quality subs'trate, prevent ,sediment deposition and 
maintain'or enhance the fishery habitat, shallbe prevented. 

Barrier s em oval/ Tributary Recruitment 

The placement of the two dams has prevented adult trout spawners 
access to upstream spawning areas in the main-stem river and 
tributaries. In addition, with the construction of the dams, 
gravel recruitment from upstream sources was severely reduced, 
and access to local tributaries, located between dams, inadequate 
due to barriers created by highway and railroad culverts, and 
nature. Spawner collections at these barriers during the study 
period 1981-1985, showed the presence of large numbers of adult 
spawners that were prevented upstream migration, 

Presently, Cresta Dam, Rock Creek Dam and the Gansner Bar Fish 
Barrier Dam are main-stem barriers to fish migration. Prior to 
the ~ o c k  Creek and Cresta dams, no barriers on the main-stem 
river existed in the Project area/ No barriers of any kind are 
found on 28.2 km of thp East Branch of the NFFR from its 
confluence with the NFFR to Highway 89. 

Within the area from Poe Dam to Highway 89, 26 tributaries were 
examined for barriers (Figure 6). Sixteen of these tributaries 
contained man made barriers within 1000 km of the mouth: dams, 
and/or highway or-railroad culverts. Natural barriers were found 
on nine tributaries, one tributary was found to be barrier free 
(Table 4). One additioeal man-made barrier was identified as the 
Gansner Bar Fish ~arrier near Belden Town. 

The removal of or providing passage over the first.identified 
barrier on thirteen selected tributaries in the,Project,area and 
the NFFR above Belden Town w i l l  result in 1100 'm 'of- additional 

- 4  
( 3  . r  , #  

.\-II - ,* h ' .a < 
4 .  



Table 4. Summary of stream bed distances (in meters) to first 
and second barriers. 

~ddifional 
Mouth to First ~eyond Second 
First Barrier First Barrier Improvement 
Barrier Type* Barrier Type Priority 

Cresta Reach: 
Dogwood Cr. 
Camp Cr. 
Un-named (Cedar) 
Bear Ranch Cr. 
Grizzly 
Sub-Total 

Rock Creek Reach: 
Swamp Cr. 
Elephant 
Rock Cr. 
Bucks Cr. 
Jackass Cr. 
Granite Cr. 
Chambers Cr. 
Milk Ranch Cr. 
Opapee Cr. 
Sub-Total 

RC 5O(est) F 
RC 50 F 
RC 50 F 
F** No Further 
HG++ 1000 F 

1 1  50 

RC .20 F 
F** No Further 
D . 30 F 
F 100 F 
RC* * No Further 
HC 100 F 
F** . . No Further 
RC 500 F 

No Further HC** 
750 

low 
low 
none 
none 
high 

none 
none 
medium 
high 
none 
low 
none 
high 
none 

Belden Reach: 
Murphy Cr. 50 F No Further none 
Pauls Cr. 40 F No Further none 
Chips Cr. >4000 -- Unknown 
Little Indian 0 HC 1000 D low 
Yellow Cr. >I000 F** No Further none 
Fern Cr. 200 HG** 10 RC none 
N.F. Feather 400 D+ 11265 D high 
Sub-Total 5690 12275 

East Branch to Paxton: / 
Oak Ravine 100 RC** No Further none 
Kellog Ravine 80 F** No Further none 
Mill Cr.(Rich Bar) 80 RC 1300 F medium 
Rush Cr. 50 . HC . 2000 F high 

2000 Mill Cr.(~alisted). 300 RC -- high 
Soda 20 HC 1500 F high 
Sub-Total -- 630 6800 

* HC=highway cdvert, RC=railroad culvert, F=falls, 
D=dam (man-made), HG-high gradient 

** ~arrier' removal not recommended or reasonable . . , , . , .  . .. ' . : , .  , + Gansner Bar Fish Barrier . . 
. . 

. . . . . .  
++ Jud,g,$d. ,:to: be a. partial: ... barrier" .. , . . . .... -. " ... ,. .... .e-:J. ... 
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stream bed in the Cresta Reach, 730 rn in the Rock Creek Reach, 
12,265 m in the Belden Reach to Belden Reservoir, and 6800 m in 
the East Branch. These improvements will effectively double the 
existing area presently available to adult trout spawners. Second 
barrier removal is not recommended on most tributaries. 

The main stem river is heavily dependent upon the recruitment of 
wild trout from tributary spawning and nursery areas. Following 
the 1966 chemical treatment program to control nongame fish 
species in the Rock Creek section, wild rainbow trout were 
recorded in the creel of 1968 and 1969. It was stated that these 
fish had drifted down from the untreated tributaries (Hazel et al. 
1976, PG&E 1979). 

In addition, during the Rock Creek-Cresta fishery study, the 
proportion of wild trout in the total trout standing crop 
estimates for 1982-1985'period averaged 87.0 percent rainbow and 
2.3 percent brown trout in the Rock Creek section. Whereas, in 
the Cresta section, wild trout composition was 78.4 percent 
rainbow and 8.9 percent brown trout of the total trout population 
(DFG 1988). 

Construction of hydroelectric facilities cause concern because 
they reduce streamflows, increase water temperatures and reduce 
gravel recruitment. Therefore, tributaries of the NFFR are 
valuable for the local trout fishery, because water temperatures, 
spawning flows and spawning habitats are still suitable for trout 
production. 

Data from the DFG fishery study on the NFFR suggest that only 0.13 
percent of the area in the Rock Creek section and 0.07 percent in 
the Cresta section had gravel suitable for spawning (DFG 1988). 
Tributary monitoring of downstream migrations of juvenile rainbow 
trout indicated that these tributaries act as nursery grounds for 
the recruitment of the young to the main river channel. 

To summarize findings by DFG (1988), four factors indicate that 
tributaries to the NFFRlare important for the recruitment of 
rainbow trout to the NFFR fishery,/they are: 1) 2 high percent 
composition (>75%)' of wild rainbow trout in the standing crop from 
1982-1985, 2)  small amount of available spawning gravel in the 
Rock Creek and Cresta sections, 3) the documented migration of 
juvenile rainbow trout out of the tributaries, and 
4) spawning trout were found accumulated at the mouths of 
tributaries during the spring. Thus, the .following . 
recommendations aze made. 



RECOMMENDATIONS: 

1 .  Barriers to adult trout spawners should be improved and/or 
removed to improve fish passage and increase spawning habitat in 
the following tributaries : 

a..Cresta Section: 

Grizzly Creek (first.barrier is a natural high gradient 
cascade) 

Camp Creek (railroad culvert) 
Dogwood Creek (railroad culvert) 

b. Rock Creek Section: 

Rock Creek (man-made dam at mouth) 
Granite Creek (highway culvert), 
Milk Ranch Creek (railroad culvert) 
Bucks Creek (natural barriers) 

c. Belden Town Area: . . 

Little Indian Creek (highway culvert and man-made dam) 
Gansner Bar Fish Barrier (provide passage to trout spawners 

over man-made fish barrier if future needs warrant 
additional natural spawning) 

d. East Branch NFFR: 

Mill Creek at Rich Bar (railroad culvert and natural falls) 
~ u s h  Creek (highway culvert, scheduled for completion 1989)- 
Mill Creek at Hallsted (railroad culvert) 
Soda Creek (highway culvert, completed 1988) 

2. ~ l l  tributaries within the Rock Creek-Cresta project area (and 
including.East Branch tributaries) should be maintained with 

, natural stream flows free of hydroelectric development, and 
pollution from mining and housing.development. 

/ 

Specific protection and habitat improvement should be afforded, 
but not limited to, the tributaries of the NFFR and East Branch 
that juveniles and adult spawners were collected from during the 
Rock Creek-Cresta Fisheries Manangement Study (Figure 6). They 
are as follows: 

Soda Creek Murphy Creek 
Kingsbury Ravine Yellow Creek 
Mill Creek (Ha-llsted) Chips Creek 
Berry Creek Opapee Creek 

. . . .,. , . York Creek Milk ~anch' .Creek';::.', . :'. . ,." . . . . ' . . .  

Rush Creek Chambers Creek . l,.!ih.l. ,:: ..' .:;:..-.: ::. 
. . 

-............:::. ' 
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Mill Creek (Rich Bar) 
French Creek 
Kellog Ravine 
Oak Ravine 
Mosquito Creek 
Fern Canyon 
Belden Ravine 
Little Indian Creek 
Pauls Creek 

Granite Creek 
Jackass Creek 
Bucks Creek 
Rock Creek 
Elephant Creek 
Grizzly Creek 
Mill Creek (Pulga) 
Flea Valley Creek 

3. Flows releases into the following tributaries should be 
augmented to offset the effects of altered streamflow associated 
with the existing hydroklectric facilities that have reduced trout 
spawning, nursery, rearing habitat, and spawner access: 

Existinq Pro~osed* 
Flow(cfs ). Flow(cfs) ~ i m e  period 

Milk Ranch Cr. 0 3 .all year 
Bucks Creek 3 6 11 It 

Grizzly Creek 4 8 II 11 

* These flow recommendations subject to change 
pending results of Instream Flow studies 
proposed by FERC. 

peservoir sediment ~luicins and Source Control .- - --- - .  

Interest in sluicing (operation of low level ou,tlet gat,es) 
originated in 1965.when PG&E was cited by Fish and Game for 

' "destruction of f ishlif el1 following a sluice. gate opening at 
PG&E'S Chili Bar Dam. An agreement with PG&E andthe DFG 
developed after the above event. This agreement stated that 
sluicing would occur during periods of 'natural' spill over 
diversion dams to allow for maximum transport '.of silt and debris 
downstream; "to insure that normal sluicing procedures were (are) 
not detrimental to fish and wildlife", 

, / 

In 1981, PG&E began, to experience"operational problems with the 
Rock Creek Dam's low 1evel.outlets (sluice tubes) and drum gates, 
due to a build up of sediment and debris at the face of the dam. 
To ensure the operability of the dam; periodic.$ocal dredging and 
more frequent sluicing was initiated. The DFG and Central Valley 
Regional Water Quality Control Board (CVRWQCB),have expressed 
concerns that the-release of.sediments from PG&~'s operations at 
the reservoirs may be impacting.water quality and fishery 
resources downstream. 4n 1984, PG&E agreed with the DFG,'the 
CVRWQCB' and the U.S. Corps of Engineers (COE). to develop a. plan 
for the long term management of the sediments,: ..... accwn~l'akin~' . . . . . . . .  ;. .... I:r-:.' ...... . . . .  .in' ~ o c k  

,"' ': ..... 
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PG&E'S Sediment Management Plan, dated July 15, 1985, deals with 
interim and long term sediment management plans and 
implementation. The long term Sediment Management Plan outlined 
four programs to address sediment accretion in Rock Creek 
Reservoir: 

.l. Dredging of "sediments from the reservoir a'nd transport to 
suitable disposal areas". 

2. upstream erosion control, implementation of a "~emorandum of 
Agreement with agencies and landholders to address studies .of 
upstream erosion problems and to,implement erosion control 
projects to reduce downstream 'sedimentation". 

. . 

3. Continued studies; "including a sampling and monitoring 
program in the watershed". 

4. Operational procedures; "after dredging, PG&E will continue a 
regular program of sluicing to ensure low level outlets (sluice 
tubes) and other openings at the face of the dam remain operable 
and clear of sediments". 

Since the flood of February 1986, PG&E has become concerned with 
the amount of sediment now accumulated in Cresta Reservoir. 

The DFG commends PG&E on its efforts to reduce erosion and for- 
long term sediment management goals in the NFFR. The DFG 
recommends continued support from all agencies and landholders for 
the implementation of upstream erosion control, and continued 
studies. 

The level of sediment recorded during sluice events on the NFFR 
during the Rock Creek-Cresta project have in some cases exceeded 
the National Academy of Sciences (NAS) standards (80 mg/l 
suspended solids) for support of a good fishery (NAS 1973). The 
highest concentrations of sediment (80,000 mg/l suspended solids) 
was recorded during tunnel adit and drum gate cleaning at Cresta 
Dam. Concurrently the background levels of sediment recorded 
during high flow events have also/exceeded the NAS levels. 

To preclude any impacts from the sluice discharges, the 
concentrations of sediment released in the sluice should be less 
than the concentration the, river carries naturally at that flow 
(Orsborn 1987):  It has been well documented in the literature 
that sluicing and high concentrations of sediment can be harmful 
or disruptive toaquatic resources. Currently there is inadequate 
data available from the NFFR to describe the sediment-flow ' . 

relationship; ie. predict what concentration of sediment the river 
can carry at what flow.' Thus, because of this lack of knowledge, 
and the documented,:high , . conce,ntrations of sediment, during . ' .  - 
reservoir, tuniielA: dnd. drum gate sluicing'; -'the :follc&""" >. -::.;. .. , ., ...',I~,;.L ..,:. :., wLng. . . . . : : , ..,., ,. 
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RECOMMENDATION: 

It is the recommendation of DFG to prohibit any further sluice or 
low level outlet release operations and any operational 
maintenance at the dams 'and associated facilities (tunnels, adits, 
powerhouses, drum gates) that release sediment ,into the NFFR and 
tributaries. Sediment produced from maintenance cleaning of 
tunnel adits, drum gates, or related operations shall be removed 
from the facilities; not diluted and discharged into the river. 

Nonaame Fish Control 

Chemical treatments in 1966 and 1977 drastically reduced the 
standing crops of all fish species in the Rock Creek-Cresta 
Project area. The stand'ing crop of trout, following each 
treatment, was increased through restocking efforts. Through this 
restocking, the fishery was restored for relative short periods of 
time. Less than two years after each "improvement", the fishery 
again rapidly deteriorated (Hazel et al. 1976; PG&E 1979; Flint 
1980; Moyle et al. 1 9 8 3 ) .  

Future chemical treatment operations to control nongame fish 
species in the project area are not recommended unless the worth 
of such operations can be justified to improve and protect the 
wild trout fishery. Past operations have yielded limited, short- 
term success. Data indicates that project waters would need 
chemical treatment every several years to keep nongame fish. 
numbers in check. The worth of such periodic treatments in this 
instance are questionable from both biological and economic 
standpoints.  o ow ever, should new evidence show the need for 
chemical treatments, the value of such a treatment should be 
justified on the basis of biologic and economic factors at the 
time the treatment is proposed. . 

/?- ... -. - .-", _,,,_. . . . . . . .  . . . . . . . . . . . . . . .  
,-W-ild - :... _- trout. -_ ._. .._. populations wLSl- berief lt . much more,, CroiiC::ef f orts to : 

imp+ijiile habitat', &ate+ :temperatureapd_f m--regimd$ - .-, .... _.,.. 1.. ........ than - . .  from .--. , ;. 
poisoning ,operatiions ( ~ o y S e -  et- alb 1983 ) . __ -.-I- -- - --... \. - ...... 

11. FISH PRODUCTION 

Fish Stockinq ' - 
Regular stocking of trout by the Department did not occur in the 
Rock Creek-Cresta Project area after completion of the Rock 
Creek-Cresta ~ro3ect in 1950 due to unsuitable habitat attributed 
to reduced flows and associated proliferation of nongame fish. 
The only significant seocking occurred immediately following 
chemical treatments with infrequent planting of surplus fish 



during other years. These infrequent plants were primarily in 
Rock Creek Reservoir and the Rock Creek Section (DFG file 
records). The regular annual stocking of the East Branch 
terminated in 1976 due to a lack of available hatchery fish (Flint 
1987). 

NO significant evaluation was made as to the impact the various 
stocked trout species and strains'had upon the fishery'until 1980 
when all trout stocked were marked for evaluations that occurred 
between 19.81-1986. 

Between 1981 and 1986 a series of subcatchable and catchable sized 
trout strains (domestic brown and rainbow, wild rainbow, and 
rainbow hybrids) were evaluated to. determine' the best species and 
strain of trout suitable for the Rock Creek and Cresta sections. 

Selected stocks of planted fish were found to significantly impact 
the angler's annual harvest. Collectively, planted trout annually 
composed as high as 80.6 percent of the East Branch catch, 58.8 
percent of the Rock Creek-Cresta combined section catch, and 41.2 
percent of the Rock Creek-Cresta combined reservoir catch (Tables 

i 5, 6, 7). Of the groups examined, Eagle Lake trout x Pit rainbow 
hybrid (ELT x RTP), Pit rainbow (RTP), Eagle Lake trout domestics 
(ELT-D) and Shasta brown trout (BNS) catchable strains 
consistantly gave the highest returns. Brown trout were best in 
reservoirs. 

Catchable sized plants gave the highesk returns while subcatchable 
sized groups the smallest. Yearling progeny of NFFR wild rainbow ' 

spawners (RTFR) gave much lower returns than other strains of the 
same age during the course of.the stud.y. This may be attributed 
to their small and varied size at time of stocking.. However, 
yearling RTFR fish consistantly gave multi-year returns as did all 
Ceratomyxa resistant catchables. 

The planting schedule was drastically altered in late 1981 when 
the disease Ceratomyxa shasta, a myxosporidan, was discovered in 
the study area. This along with disease'problems at key DFG 
production hatcheries limited the qvailability of trout strains 
known to have a significant resistance to ceratomyxosis. 
Within the Feather River system infections of ceratomyxosis were 
first detected with the completion of the Oroville Project in the 
late 1960's. The presence of this organism caused high mortality 
to most trout strains stocked in Lake Oroville and steelhead 
raised at the newly completed Feather River Hatchery. Although 
extensive tests were not made, it was felt C. shasta was confined 
to Lake Oroville and downstream (Manzer 1987). 

In California, C. shastathas been documented-ins the Pit River and 
Trinity River systems (Schafer 1968). In Oregon and Washington it 
is found in the Deschutes, Willamette, Columbia and Siletz 

i T . . J  - . , - ,<. k.f5 ,*,I-. 



Table 3. Estimated returns to the creel of trout stocked in the 
Rock Creek-Cresta sections, NFFR. 

Year Wgt(g) Number Estimated ~ngler Harvest 
st rain Stocked Stocked Stocked . 1981 1982 1983 1984 1985 

ELTxRTP( c -82+ 83 33 2691 980 57 
RTP(c)-84 85 130 4760 
BNS(c1-80 82 120 5771 887 221 19 
BNS(c)-82 I 84 142 3952 533 
ELT-D(c)-82 83 206 3947 380 0 
RTSxRTKJ(c1-80 81 131 5395 505 0 0 0 
RTFR(y)-82 -. - 83 102 7911 579 165 
RTl?R(y)-81 - 02- - 60 8737 489 * 73 108 
RTH( C )  -80 81 145 2071 72 0 0 0 
RB(y)-84 85 38 2520 

w RTSXRTKJ(S)-~~ 81 42 13643 193 0 0 
RTFR(y1-83 84 45 7288 83 
BNS(S)-79 80 38 53340 423 188 0 0 
ELT-D(s)-84 84 38 11700 

1 BNS ( s 1.-81 0 2  25 9737 0 0 
RltFR(y.)-84 . 85 23 13000 
BNW( s ).-a3 84 24 7500 
BNS(f 1-80 81 10 19380 0 0 0 
RTS(s )-a1 81 42 13643 0 0 0 

Total Stocked Fish Harvest: 1000 1757 2233 965 
Total Estimated Harvest(Al1 Fish): 2700 3800 3795 2481 

Percent Planted Fish of Total Harvest: 37.0 46.2 58.8 38.9 

* 1'8 from Cresta Reservoir, although none stocked there 
,. A*.  16 from Cresta Reservoir, although none stocked there * 1 tag returned by angler, total tagged=50 

Percent 
Return 

Total F i r s t -  
Total Return Year 



Table [I. Estimated returns to the creel of trout stocked in the 
Rock Creek-Cresta reservoirs, NFFR. . 

Year Wqt(g) Number Estimated Angler Harvest 
Strain Stocked Stocked Stocked 1981 1982 1983 1984 1985 

BNS(c)-82 84 142 981 
- BNS(c)-80 82 120 1910 
RTSxRTKJ(c1-80 81 134 1931 
RTP(c)-64 85 130 240 
RTSxRTKJ( s 1-01 81 42 4279 
RTFR(y1-83 84 45 2045 
RTS(s)-81 81 42 4279 
ELT-D(s)-84 ! 04 30 3300 
RTI-I( c 1-80 81 145 253 
BNS ( f ) -80 81 10 6680 
RB(y)-84 -. - 85 38 480 

Total Stocked Fish Harvest: 
Total Estimated Harvest(Al1 Fish): 

Percent Planted 17ish of Total Harvest: 

* Cresta Reservoir stocked only 
\ 

\ 
Table.5. Estimated returns to the creel 

East Branch, NFFR. 

Year Wgt(g) Number 
~trairi a , - Stocked Stocked Stocked 

. .. -i . -  I+:' % 

ELTLD( CI-82 83 206 1078 
,ELTxRTPp(c)-82 - 83 9 3 .  1847 
'"RTFR (y 1'- 8 2 , 83 102 1860 
RTSXRTI<J( C >  -80 81 134 1581 
BNS ( c  ) ?38 0 82 120 1800 
RPSXRTKJ"( s - 8 1 81 42 5617 
RTFR(y)-I33 84 45 40 
BNS(c)-82 8 4 142 100 
RTFR(y1-84 85 23 2900 
IITS(s)-81 81 42 5617 

of trout stocked in the 

Estimated Angler Harvest 
1981 1982 1983 1984 1985 

Percent 
Return 

Total First- 
Total Return Year 

Pe'rcent 
Return 

Total First- 
Total Return Year 

Total Stocked Fish fiarvest: 211 2.02 1277 104 0 
Total Estimated Harvest (Ail Fish) : 1010 661 1504 1099 715 

. n * m e - .  - - .  - . -  



systems (Buchanan e t  a l .  1982) .  Schafer  (1968) found t h a t  a l l  
waters  i n f e c t i v e  wi th  ceratomyxosis c o n t a i n e d  "wild" rainbow t r o u t  
presumed r e s i s t a n t  t o  the  d isease  and t h a t  domest ic  s t r a i n s  of 
brown and brook tro-ut were a l s o  highly r e s i s t a n t .  Other  s t u d i e s  
i n d i c a t e  ~ l & n g l t %  dis-e%s7+, problems, rriay' r e s u l t y - f r o m  _ _  _ ,_ introduct ior is ,  __.- _ _  _ 

i/<o~_llGs<adapted susceptibl-e--hos't f i s h  1-eadrng-'to Increased  numkiers 
of s h a s t &  r e s u l t i n g  i n  ser ious  C. s h a s t a  induced l o s s e s  i n  
n a t i v e  salmonid popu la t ions  ( R a t l i f f  1983; Wade 1986) .  
j ,, --.,.#-- 
. ~ ~ t e r - l e m ~ - & r a t u r e s  above ~ O O C  a r e  necessary  f o r  i n i t i a l  i n f e c t i o n  
knd t h e  d i s e a s e  p rogresses  more r a p i d l y  w i t h  i n c r e a s e d  water 

I t:emperatures ( B e l l  1986) . , Buchanan et a1 . ( 1982 ) found that 
kqugvival decreased  a s  watgr temperature i n c r e a s e d  from 12 C t o  
121 C,,i?-studies o f  f o u r  s tocks  of summer s t e e l h e a d  subjected t o  
~ i ~ d i ~ f e c t i o n s  1 ,.A1-- o f  ceratomyxosis  i n  the  Willarnette River ,  Oregon. 

* > , -  - * - ,  - 
I ~ u r - i - n ~  - 1'981 w i t h i n  t h e  Rock Creek-Cresta a r e a ,  s e v e r a l  dead t r o u t  
\were found t o  c o n t a i n  spores  of C. s h a s t a .  From 1982 through 1985 
\d,isease t e s t s  were conducted t o  determine t h e  presence  of t h i s  
&'fgani-sm - -LA.--..,., throughout t h e  NFFR w a t e r s k d  ( D F G  1988) . 
C. s h a s t a  was found i n  t e s t  f i s h  every y e a r  s t u d i e d  i n  Rock Creek - 
Reservoi r ,  C r e s t a  Reservoi r  and Belden Forebay except  i n  1985 when 
t e s t  f i s h  from Cresta Reservoir were t e r m i n a t e d  a t  t h e  laboratory 
a c c i d e n t l y  wi thout  examination. Evidence o f  t h i s  organism i n  t e s t  
f i s h  w a s  n o t  found a t  o t h e r  s i t e s  d u r i n g  any yea r  t h a t  included 
B u t t . V a l l e y  Reservoi r ,  Lake Almanor, Antelope Reservoi r  and t h e  
E a s t  Branch of t h e  NFFR. ' 

S t u d i e s  dur ing  1981-85 i n d i c a t e  the b e s t  r e t u r n s  t o  t h e  a n g l e r ' s  
c r e e l  r e s u l t e d  from t h e  seocking of c a t c h a b l e - s i z e d  domestic t r o u t  
s t r a i n s .  A wild t r o u t  f i s h e r y  sus ta ined  from n a t u r a l  o r  wild 
s tocked f i n g e r l i n g s  is  t h e  DFG'S p r i o r i t y  and ' i s  cons i s t an t  with 
t h e  po l i cy  of  t h e  F i s h  and Game Commission, t h a t  a r t i f i c i a l  
propagat ion and r e a r i n g  of  t rou t  w i l l  be u t i l i z e d  only when 
necessary  t o  augment t h e  na tu ra l  supply. F u r t h e r ,  f inge r l ing  and 
subcatchable  s i z e d  t r o u t  s h a l l  take p r i o i t y  over  catchables  i f  t h e  
ha tchery  s t o c k i n g  program with the { s m a l l e r  f i s h  w i l l  maintain 
s a t i s f a c t o r y  f i s h i n g .  Sa t i s fac to ry  i s  d e f i n e d  by t h e  Fish and 
Game Commission a s  an average of two f i s h  p e r  angler-day or 
one-half f i s h  p e r  angler-hour. 

Thus, it i s  with.  t h i s  mandate and the  r e s u l t s  of t h e  1981-85 
s t u d i e s  on t h e  NFFR t h a t  t h e  following recommendations a re  made. 

RECOMMENDATIONS: -- 

1 .  The management of  th'e r i v e r  reaches and r e s e r v o i r s  of the Rock 
Creek-Cresta P r o j e c t  a r e a  \and the East  Branch of  t h e  N . F .  Feather 

. . . .  River  w i l l  be to  achieve  tihe angler catch g o a l  of . . . I 
I 



producing and maintaining a fishery that yields a catch -per 
angler-hour (based upon fish sized 10 inches or greater) of at 
least 0.50 for creeled trout or at least 1.00 including catch and 
release fish. 

2. Provide suitable conditions for the natural production in the 
Rock Creek and Cresta river reaches. 

3. The East   ranch from Twain to Virgilia should be stocked with 
5,000 hatchery produced catchable trout sized 2.0 fish per,':p&und 
annually. These hatchery produced trout should be resistant to 
ceratomyxosis such as brown trout, Pit rainbow, Eagle Lake trout 
and/or Eagle Lake x Pit hybri,d stock. 

4. Should it become feasible to augment the natural producti-on of 
the river reaches with the hatchery production of wild rainbow 
trout, develop and maintain a permanent stock from wild trout 
obtained from the Rock Creek-Cresta area of the N.F. Feather River 
capable of producing adequate numbers of fingerling and/or 
sub-catchables so as to maintain a catch per angler-hour (based 
upon fish sized 10 inches or greater) of at least 0.50 for creeled 
trout or at least 1;00 including catch and release fish for each 
river reach. A suitable on-site hatchery location should be 
chosen in the Feather River Canyon or at an existing off-site DFG 
hatchery, such as the Department's Crystal Lake Hatchery, or 
private facility. This gene pool will be constantly renewed as 
appropriate to maintain a suitable wild stock resistant to 
ceratomyxosis. 

These fish shall be stocked in the area from Poe Dam to ~ansner 
Bar on the NFFR and selected tributaries if future studies 
indicate a viable program possible through tributary stocking. 

5. Intensively manage each reservoir under a put-and-take fishery 
by stocking each reservoir with 25,000'trout si.zed 2.0 fish per 
pound annually. The amount and size,at time of 'stocking would be 
subject to evaluation. The strains of trout would need to be 

, re'sistant to C. shasta. Suggested strains to be stocked are brown 
trout, Pit rainbow, Eagle Lake trout, and/or Eagle Lake x Pit 

/ hybrid stock. 

I 6. The effectiveness of all stocking shall be evaluated as part of 
I the proposed Fish Population and Angler Creel Survey Evaluation 
I and Monitoring Program. Changes in stocking rates, size at 

stocking, area stocked, and strain of trout stocked shall be a 
part of the monitoring program. 

-- 
7. Terminate all trout,stocking of strains susceptible to C. 
shasta in the East Branch, Rock Creek-Cresta area from Poe Dam to 
Belden Powerhouse, and the NFFR between Belden Town and Belden Dam 
including Belden Reservoir. Future studies and knowledge of this 
disease may dictate that this area be expanded to prevent 

. . . . . .  i I r 
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the promotion of this disease. At the present, stock only Pit 
rainbow, Eagle Lake trout x Pit rainbow hybrid, Eagle Lake trout 
wild or domestics, brown trout and Feather River rainbow wild 
strains known to have the greatest resistance to C. shasta. 

III. RECREATIONAL ACCESS AND DEVELOPMENT/ REGULATION CHANGE 
I 

pecreational Accesq Develovment 

~dditional recreational services should be developed along with 
the fishery resources. It is the ~epartment ' s 1  belief that PG&E 
has precluded recreational (including angler-use) growth in the 
Project area by not deve'loping access at Cresta, Reservoir, 
preventing access through prohibitive sign placement at Rock Creek 
Reservoir, and creating la depressed fishery through substantially 
reduced flows and increased water temperatures. 

It is the Department's view that PG&E'S Rock Creek-Cresta Project . 
is responsible for the mitigation of 76,000 angler-days in the 
Projeck area. This use estimate would have existed today without 
power development. 

RECOMMENDATIONS: 

1. Provide angler access/parking sites for an additional 15 
vehicles along Highway 70 over the length of Cresta Reservoir. 

2. Provide boat access/,launching facilities ih: a Rock Creek . , ' 

Reservoir Angler Access 'at Chips Creek Inlet or'1ndian Bar, and a 
Cresta Reservoir Angler ,Access at Rock Creek Inlet.' . 

The boat access/launching facilities at each reservoir shall 
include a surfaced parking area for 20 vehicles, one sealed-vault 
type sanitary facility, refuse containers, and a boat ramp 
suitable to launch trai3ered and cartop boats. All in-water 
recreational activity shall be prohibited, including boating and 
swimming, within 1 / 4  mile of the dams. A line of buoys will be 
placed across each reservoir 1/4 mile upstream of each dam 
demarking the limit of the prohibited area. Boats using the 
reservoirs shall be restricted to a'5 miles per hour maximum speed 
limit. 1 I 

~lthough Poe Reservoir is not a part of the ~ b c k  Creek-Cresta 
Project, improved' angler access should' be eventually provided at 
Poe Reservoir as,for Rock Creek and Cresta reservoirs. 

-- 
3. Provide camping facilities within the immediate Rock Creek- 
Cresta Project area to bncourage a wide base of recreational use 
in the area by revitalizing the James Lee Campground site to 
offset the closing of the James Lee and Belden camprounds by the 
U.S. Forest Service. 



In an effort to access the existing sport fishery and make 
management recommendations to improve the fishery as part of the 
relicensing process, angler surveys, as well as other studies, 
were conducted annually from 1981 through 1985 within the Rock 
Creek-Cresta Project area and the lower 16.l.km of the East 
Branch. 

The NFFR from Cresta Powerhouse to Hallsted is a road-side 
fishery. As such, the Rock Creek, Cresta and East Branch river 
reaches supports only a modest wild trout fishery with an 
estimated angler use of 797, 653 and 262 angler hours respectively 
per river km annually (Table 8). Under existing conditions as 
studied, the Cresta, Rock Creek and East Branch river reaches will 
not support an enlarged wild trout fishery over that documented 
during the 1981_85 period and certainly not a trophy wild trout 
fishery without changes in physical habitat, flow, temperature and 
angling regulations. At the present, natural spawning is 
considered limited. 

Table 8. Estimated annual values, 1981-1 985. 
Total 

Cresta Rock Rock Cr. East Study 
Cresta Res. Creek Res. Belden Branch ~ r e a  

Length (km) 7.7 4.3 13.4 4.0 3.2 16.1 48.7 
Angler Hours 5030 2014 10678 3594 2241 4211 27768 
Angler ~ours/km 653 468 797 898 700 262 570 

Creeled Trout 897 343 2283 201 375 1014 5113 
Released Trout 2503 123 2913 78 262 976 6855 

8 

~ a t c h / ~ - ~  Creel 0.178 0.170 0.214 0.056 0.167 0.241 0.184 
~atch/~-  total 0.676 0.231 0.487 0.078 0.284 0.473 0.431 

I Existing conditions of the trout fishery can be characterized from 
the information.presented in the report by DFG (1988) for the 
years 1981-85 as follows: 

1. Estimates of annual catch per angler hour values of 
less than 0.25 for creeled fish were found for all, 
.areas studied. This is considered poor and is . 
consistent with daf,a collected during 1954 by Rowley 
(1955). However, che catch rate increases -considerably- 
if "catch and release" fish are included increasing :...the 
catch rate to 0.676, 0.487'and 0.473 for the, ce'sta .. ........;, ;.I / "  . .  

Rock Creek and East Branch reaches, re~pect,ivel;y~+~~~i~+~~~~~~:,. ....... ,:. .:.,,. 
. . . .  . . , :, .;%. .:~,.:,.)".$..i..-;,. ,,", ,,? .:. '.-. 
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2. Rock Creek and Cresta,reservoirs combined, averaged 
1,869 angler-days per year with a catch rate of 0.10,. ' 
fi'sh per angler-hour. 

3. Wild rainbow trout constituted about 50 percent of 
the angler's creel, indicating the presence of natural 
reproduction within the various study areas either from- 
river or tributary spawning or both. 

4. Age I1 fish constitute the majority of-the angler's 
creel of wild rainbow trout for all areas while age IV 
are rare (Table 9). These age I1 fish averaged 
approximately 250 millimeters ( 1 0 inches ) fork length 
for all areas sampled with approximately 40 percent of 
the angler's catch less than 250 mm. Fish, greater than 
or equal to 300 mm (1,1.8 inches) comprised 20.2 percent 
of the 1981-85 catch in the Cresta and Rock Creek 
sections while in 1954, Rowley (1955) reported 42.0 
percent in this size group. 

5.. Mean annual survival rates of wild rainbow trout 
from age I to I11 averaged a low 0.20 annually for the 
Rock Creek and Cresta sections. This is compared to an 
average 26.9 percent November to May survival of 23 
groups of hatchery reared rainbow trout in Convict 
Creek, California (Reimers 1963) and an annual survival 
from age I1 to VI of 37.8 percent for brook trout in 
Maine (Rupp 1955 cited in McAfee 1966). 

6. Trout growth improved as flow increased over the 
years 1979-83 and 1984-85. However, when compared to 
other California streams of similar habitat,, the Rock 
Creek section's growth was less at annulus I regardless 
of flow and year, and similar at annulus I1 and I11 
during years of high flow (Table 10). Growth in the 
Cresta Section was less than that found in the Rock 
Creek Section and for the most part less than that 
found in comparable streams. , 

I 
7. . Angler surveys conducted during 1983 and 1984 
indicated that of the 60.4 percent returning the 265 
questionaires distributed, 55.6 percent expressed 
satisfaction with the existing two fish limit while 
,43.1 percent wanted to keep fish greater than 356 mm. 



Table 9. Age composition of observed wild rainbow trout in 
the angler's creel, 1982-1985. 

I - I11 11 - IV Total 

Rock Creek % 24.2 59.8 13.9 2.1 100.0 244 
Section Mean FL* 224 258 304 351 

std 28.8 30.1 34.0 146.7 

Cresta % 9.5 63.5 27.0 0 100.0 63 
Section MeanFL 203 250 31 0 

s td 27.9 36.3 40.8 

East Branch % 20.3 56.5 18.8 4.4 100.0 69 
MeanFL 224 252 295 342 
std 23.7 34.8 28.9 30.6 

* Fork length in millimeters 

Table 10. Fork length at.annu1us formation for rainbow trout 
found in similar stream habitat type systems. 

Stream 
Habitat Averaue Lensth at Annulus 
T Y P ~  - I - I1 - I11 

West Slope Sierra* B 98 165 21 1 
Upper Sacramento R.* B 98 21 1 299 
M.F. Feather River* B 107 183 234 
N.F. Feather River: 
Rock Creek(1984-85) 95 206 257 
~resta(1984-85) 84 184 259 

Rock ~reek(1979-83) 9 1 191 254 
Cresta(1979-83) ,/ 8 6 157 208 

* from Snider and 'Linden ( ,I  981 ) 

Three factors are particularly important to improving the on-site 
quality of a fishing experience: the number of fish caught, the 
rate of catching--these fish, and the size of fish caught. A 
basic premise leading to more restrictive angling regulations 
such as, "catch and release'' angling is that all three of these 
quality factors will be enhanced for most participating anglers 
(Hunk 1981). 
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Increased numbers of wild trout available to the angler can be 
achieved through several methods. Survival can be improved with 
changes in physical habitat, such as: increased instream flows, 
and reduced levels of sediment from upstream man-made sources and 
sediment accumulation in the river reaches from improper 
reservoir sluicing, and decreased summer water temperatures. 

Increased trout production can occur with improved spawning 
habitat in the main river, tributaries and improved spawner 
access through tributary barrier removal. Kiefling (1984) found 
that renovation of spawning gravels and enhancement of habitat 
for young of the year cutthroat trout has resulted in a 
significant increase in spawning cutthroat trout returning to 

, Three Channel Spring Creek, Wyoming. 

Survival can also increase with,the use of rriore restrictive 
angling regulations. Hunt (1981) found that abundance, biomass. 
and survival rate characteristics all changed favorably when . 
restrictive angling regulations were imposed upon, a Wisconsin 
stocked brown trout fishery. The catch rate of trophy-sized 
tr.out (longer than 38 cm) was 28 times greater Tn an 
catch-and-release area.'than in an area of the,S,outh Platte River, 
Colorado,. with. standard regulations ('Anderson and Nehring 1984) . 
Angling mortality was reduced with gear restrictions that usually 
prohibit the use of bait sinde bait caught fish -that are released 
have a relative high mortality rate (Snider and McKee 1982). 

RECOMMENDATIONS : 

1. Maintain the two-fish limit in the Rock Creek and Cresta 
river reaches. Recommendations for changes in this management 
tool should be subject to the results of the proposed Fish 
Population and Angler Creel Survey Evaluation and Monitoring 
Program. 

2 .  Initiate a five-fish \limit in Poe, Cresta, a n d ~ o c k  Creek 
reservoirs, and the river reach extending upstream from Rock 
Creek Reservoir to the confluence of the East   ranch. 

/ 

3. Maintain the existing two-fish limit in the East Branch from 
its confluence with the NFFR upstream to the confluence of Indian 
and Spanish creeks. 

4 .  To improve spawning potential in the tributaries, impose a 
five-fish limit on all tributaries entering the NFFR from Poe Dam 
to confluence with-East Branch (including those tributaries 
entering Poe, Cresta and Rock Creek Reservoirs), tributaries to 
the East Branch NFFR froh confluence with NFFR upstream to I 

confluence with Spanish 'hd Indian Creeks, and all tributaries tb 
the NFFR from confluence with East Brahch NFFR to Belden  am.' 



IV. OFF-SITE MITIGATION ' 

East Branch N.F. Feather River 

The East Branch was evaluat.ed in part, during the 1981-86 studies 
as a potential area for off-site mitigation of the adverse 
impacts of the Rock Creek-Cresta Project. 

Beyond the recommendations proposed to enhance wild trout 
spawning through improvements to the tributaries and the stocking 
of catchable sized trout in the'upper reach, little can be done 
at the present time to.improve temperature and flow conditions in 
the East Branch during critical times of the year. 

. Humbuq Vallev 

The Department has had a long term interest and commitment in 
improving habitat conditions in Yellow Creek and Humbug Valley. 
Presently, Yellow Creek has Wild Trout status from Big Springs 
downstream to Highway 70. A small segment of Yellow Creek has 
restrictive angling regulations to promote a trophy trout 
fishery. Various portions of Yellow Creek have been fenced to 
exclude cattle to improve trout habitat by promoting the return 
of riparian vegetation, reducing channelization and stream bank 
erosion. In addition, the DFG and PG&E have expressed interest 
in improving wildlife values within Humbug Valley through 
improved land management practices. California Trout, Inc. has 
expressed an interest in additional enhancement of Yellow creek 
through a habitat improvement program for brown trout (Franklin 
and Baldrige 1987). 

RECOMMENDATIONS : 

.Develop and'implement a management plan for Humbug Valley for the 
purpose of.improving wildlife and fisheries values~that could be 
considered as partial mitigation for the adverse effects of the 
~ock Creek-Cresta Project. To facilitate the implementation of 
the plan, management of the land should occur under either a 
cooperative agreement between PG&E and the Department, a 
conservation easement deeded to the Department, or through a 
transfer of ownership to the DFG. The area of management would 
consist of all the lands owned by PG&E in Humbug Valley. The 
minimum amount of land needed for effective management, however, 
would be the area beginning on a line extending north and south 
150 feet east of-Yellow Creek and extending west to the border of 
private and federal lands. Conservation easements should be . 
obtained for areas outsFde existing PG&E lands deemed important 
to the management of Himbug Valley and Yellow Creek. 

. . 
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V .  FERC LICENSE DURATION 

The proper manag.ement of the N.F. Feather River requires that the 
system be managed as one unit as opposed to the piecemeal 
management that exists presently with three FERC licenses in 
operation: FERC 2105 (Upper North Fork Project), FERC 1 9 6 2  (Rock 
Creek-Cresta Project), and FERC 2107 (Poe Project). Therefore, 
it is recommended that the period of license for the relicensing 
of FERC 1962  be set to coincide with the termination of the FERC 
2105 (Upper North Fork) license period. FERC 2105 is set to 
expire in the year 2004 .  

Evaluation and Monitorina Prosram 

Evaluating and monitoring1 the effectiveness of the North Fork 
Feather River Management Plan is, of the utmost importance and 
will involve.many activities. In order to comply with Public 
Resources Code Sections 2 1 0 8 1 . 6 ,  a'detailed monitoring program 
.must be developed for all required mitigation conditions. The 
monitoring program should: include the following: 

a. Specific criteria to measure effectiveness of 
mitigation. . . .  

b. Annual monitoring for a minimum of five years. 
Annual 'written reports submitted 'to the lead 
agency and the DFG. 

c. Annual monitoring reports, each of which include 
corrective recommendations that shall be 
implemented in order to ensure that mitigation 
efforts are successful. 

1.'~ish Po~ulation Monitorinq 

The status of the fish population shall be monitored each year in 
the Rock Creek and Cresta sections similar to that done during 
1982-1985.  The sites sampled shal? be chosen so that changes in 
the fish populations can be monitored as they respond to changes 
in habitat and management practices. Emphasis should be on 
species composition, abundance, length frequency and age 
distribution, 

2. Ansler Creel Survey 
-- 

A creel survey similar to that conducted during 1981-1 . . .  985 shall 
be conducted each year $6 ,evaluate ,,,,the - sport fishery.., , I 
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3. Temperature Studies 

Continuous recording thermographs (USGS approved) designed to 
measure daily temperature shall be installed near the downstream 
end of the Rock Creek Section and the Cresta Section. Site 
selection would be subject to approval of the DFG. Provide mean 
daily and daily maximum and minimum temperatures by December 30 
of each year. These shall be operated during the May 1 through 
October 30 period of each year for the life of the Project. 

. ,  Additional Studies 

Suggested areas of. further study are the result of either: 
studies to date that did not adequately.address a problem or were 
incomplete, new concerns brought to the forefront by past 
studies, or areas of study simply not addressed by past work but 
.now appear important to the future management of the North Fork. 

1 .  Tributary Stockinq 

Tributary stocking of subcatchable or fingerling-sized wild trout 
should be'evaluated as to its impact upon the main-stem fishery. 

Tributary stocking studies in the NFFR area during 1984 and 1985 
were prompted in part by studies of headwater stocking of large 
steelhead fry in British Columbia (Hume 1984) and the DFG's 
tributary stocking of fingerlings and fry in the NFFR watershed 
during the early 1900's. 

A rainbow trout stocking program was tested at Mill Creek near 
Twain in 1984, to estimate the effect of stocking on downstream 
movement in an isolated stream not saturated by spawners from the 
river. During June of that year a 1000 m reach of Mill Creek, 
above the barrier, was stocked with 11,500 wild strain rainbow 
trout fry having an average size of 200 per ounce. 

Comparison of the rate of trap catkh per effort in Mill Creek 
during peak outmigration months (~de-~ugust) in 1983 with that 
of 1984 showed a substantial increase after fry were stocked. 
Likewise, population estimates made in June 1983, and June 1984 
after stocking showed a 100 percent increase in the estimate. 
Standing crop estimates made in October 1984 also showed an 
increase over both the 1983 and 1984 June estimates. 

This was followed by tributary stocking of larger marked fish. 
during the fall of 1985ito determine the impact this procedure 
had upon the angler harvest and standing crops in the Rock Creek 
river reach. Four tributaries to the Rock Creek SectionLwere 
stocked with a total of 9331 subcatchable-sized ~agle Lake trout 



domestics (ELT-D(s)-85). The tributaries were Milk Ranch, 
Chambers, Granite and Opapee creeks. However, evaluation of this 
stocking was terminated with the storm of February 1986 when 
historic flood waters occurred in the study area. 

2. Dissolved  a as Supersaturation (Gas Bubble Disease) 
Investigate the levels of dissolved-gas supersaturation of the 
N.F. Feather River with particular attention to the impact the 
present and future hydro-development of the system has upon these 
levels. If levels exceed the Environmental Protection Agency 
criterion of 110 percent TGP, make recommendations that will 
reduce the effects of these hydro-developments through changes in 
operation and/or spillway design. 

Gas bubble disease is a condition affecting aquatic animals in 
water supersaturated with atmospheric gases (Hauck 1986). It is 
caused by supersaturation of gases in water: bubbles form within 
the tissues of aquatic organisms, resulting in death when emboli 
block vital circulatory pathways (Chamberlain et al. 1980). The 
mechanisms that can create gas supersaturation are: rapid 
heating of water causing reduced solubility of gases at high 
water temperatures, air entrainment during high runoff (Colt 
1984), and gas entrainment below dam spillways (Weitkamp and Katz 
1980; Marking 1987). 

Recent studies by Colt (1984) of the seasonal changes in 
dissolved-gas supersaturation in the Sacramento River system 
showed the highest levels were on the N.F. Feather River at.Pulga 
on May 5, 1982 when the mean daily flow was 5570 cfs (USGS 1982) 
with levels of 101 mm Hg'. These levels exceeded the United 
~tates'~nvironmenta1 Protection Agency's criterion of 110 percent 
of saturation or 76 mm Hg (Colt 1984) by 25 mm Hg. 

Weitkamp and Katz (1980) reported excessive mortality occurred in 
bio-assay tests o'f rainbow trout fry at 115 percent super 
saturation of nitrogen. Losses of young salmonids attributed to 
this disease have been reported regularly at the DFG'S hatcheries 
near Sacramento on the herican.River. No losses have been 
reported at the Feather River ~ a t c h e r ~  on the Feather River below 
Oroville Dam (Thompson 1988). 

Colt (1984) was.unable to partial out the mechanisms of gas 
supersaturation and their relative contributionr to high gas 
supersaturation levels. The author stated further that,' although 
entrainment of air at dams did not appeax to be a major source of 
gas supersaturati-on in the Sacramento River, either mechanism of 
air entrainment or rapid heating of water could account for the 
observed high levels above Oroville Dam (at Pulga). Other 
workers, however, found that hydroelectric facilities and steam 
electricity-generating stations are the largest and-most 
researched artificial sources of supersaturation and with 



increased industria1,water use, this disease has now become a 
severe problem in several important waterways with these 
facilities producing supersaturation by gas entrainment below dam 
spillways (Weitkamp and Katz 1980; Chamberlain et al. 1980). 

3. Columnaris Disease 

Investigate further the impact of Columnaris disease upon the 
N.F. Feather River trout fishery and its relationship to 
populations of Sacramento sucker. 

Outbreaks of the disease caused by Flexibacter columnaria among 
.populations of trout at large were not documented within the 
study area but only observed in live car held test fish. This 
live car experience in itself would cause enough environmental 
stress to upset the balance between the potential pathogen and 
the host and cause an outbreak of the disease. The N.F. Feather 
River has been changed in its ecology into a chain of 
impoundments, lowered flows in the river reaches, increased 
summer water temperatures, and a proliferation of nongame 
species, principally the Sacramento sucker (Catostomus 
occidentalis). These factors can cause environmental stress and 
in turn contribute to outbreaks of Columnaris disease. Snieszko 
(1983) states that suckers are resistent to Columnaris disease 
but serve as carriers and with increased sucker populations there 
is an increased reservoir of infection, and the susceptibility of 
trout is greatly increased with higher water temperatures during 
the summer. 

4. Aquatic Invertebrate Investisations 

Documentation in the literature has shown aquatic invertebrates 
to be indicators of water quality. Lack of adequate water 
quality data on the NFFR'has 1imited.our ability to describe the 
range of productivity of the river and its relationship to trout 
populations found there. 

I 
I Ward and Stanford (1979) state that temperature and flow (and 
t their ramifications) remain perhaps the two most important 

controlling factors for aquatic invertebrates of unpolluted 
streams. Changes in the invertebrate composition below 

i hydroelectric facilities have been largely- attributed to 
I regulated flows and temperature alterations (Gersich and Brusven 

1981). Wurtsbaugh (1977) suggested, "any temperature related 
effects on the stream community may result in changes in the 
quantities of benthic organisms upon which fish subsist". 
Because of the invertebrate position in the food chain of trout, 
rivers subjected to regulated flows cause concern for the 
integrity of these benthos communities. Therefore, it is 
proposed that determination of the quality and abundance of 
aquatic invertebrates and their response to project improvements 
in temperature would enhance our knowledge of the aquatic 
resources of the NFFR. a , ,- . ,+- .A" 

' . *  

. . 
+ A , . .  



REFERENCES CITED 

Anderson, R.M. and R.B. Nehring. 1984. ~ffect's of a catch-and- 
release regulation on a wild trout population in Colorado 
and its acceptance by anglers. N. Arner. J. Fish. Mgmt., 
4:257-265. 

Baldrige, J.E., T.K. Studley, S.F. Railsback, T.P. Keegan and 
P .D. Hampton. 1987. Response of fish popu,lations to 
altered flows project. 1985 Annual Report. Entrix, Inc. 
Report for Pacific Gas and Electric Company. Research, 
Development and Demonstration Program, San  amon on, CA., 50p. 

Bell, M.C. 1986. ~isheries handbook of enginekring requirements 
and biological criteria. U.S. Army Corps of Engineers, 
Portland Oregon, 290p. 

Binns, N..A. and F.M. ~iserman. 1979. Quantification of fluvial 
trout habitat in Wyoming. Trans. Am. Fish. Soc., 
108:215-228. 

Brown, L.R. and P.B. Moyle. 1981. The impact of Squawfish on 
Salmonid Populations: A review. N. Arner. J. Fish. Mgmt., 
1:104-111. 

Brungs, W. A. and B :R. Jones. 1977. Temperature . criteria for 
freshwater' fish: protocol and procedures.' 
EPA-60013-77-061, U.S.,Environmental Protection Agency,., . 

Environmental Research Laboratory, Duluth, MN, 129p. 

Buchanan, D.V., J.L. Fryer and J.L. Zinn. 1982. Relative 
susceptibility of four stocks of summer steelhead (Salmo 
sairdneri) to infections of ceratomyxosis and bacterial 
diseases found in the Willamette River. Oregon Dept. Fish 
and Wildlife, Inf. Rpt. No. 82-7, 15p. 

I 

Burt, D.W. and J.H. Mundi'e. 1986. Case histories of regulated 
stream flow and its effects on salrnonid populations. Can. 
Tech. Rep. Fish. Aqu:at. Sci. ,./NO. 1477, 98p. ' 

Bustard, D.R., and D.W. Narver. 1975. Aspects of the winter 
ecology of juvenile coho salmon (Oncorhvnchus kisutch) 
and steelhead trout (Salmo qairdneri). J. Fish. 
Res. Bd. Can., 32:667-680. 

California Deparhent of Fish and Game. 1982. 1981 Report of 
activities on the Rock Creek-Crest Study, N.F. Feather 
River, Plumas ~ o u n e .  

California Department of Fish and Game. 1988. Rock .Cre,ek-Cresta 
Project (FERC 1962), Fisheries Management study, North Fork 

,, . a, 3.. Feather River, California. Region 2, Envixoninental > .  I .-..-:i- --- - 
Services, July 1 ,  1988. , - . - ,  L < .  . ,  

4 4  
1 '  ' r 

, . ( I .  . , . 
- c ,  \,,: " S t  . , -:, 

-.,- - / r  



Chamberlain, G.W., W.H. Neill, P.A. Romanowsky, .and K. Strawn. 
1980. .Vertical responses of Atlantic croaker to gas 
supersaturation and temperature change. Trans. Am. Fish. 
SOC., 109(6):737-750. 

Colt, John. 1984. Seasonal changes in dissolved-gas 
supersaturation in the Sacramento River and possible 
effects on striped bass. Trans. Am.. Fish. Soc., 
113(5):655-665. 

~einstadt, John. 1987. California Department of Fish and Game. 
Personal communication. 

 lint, R.A. 1980. Chemical treatment of the North Fork Feather 
River, Butte and Plumas Counties, California, 1977. Calif. 
Dept. Fish and Game, 1nland.Fisheries Adm. Rpt. No. 80-4, 
25p. 

Flint, R.A. 1987. California Department of Fish and Game. 
Personal communication. 

Franklin, R.F. and J.E. Baldrige. 1987. Master plan for the 
enhancement of brown trout habitat in Yellow Creek, 
California. A report prepared for California Trout, Inc., 
78p.  

Gersich, F.M. and M.A. .Brssven. 1981 . Insect colonization rates 
in near-shore regions subjected >to hydroelectric power 
peaking flows. Journal of Freshwater Ecology, volume l', 
number 2, August, 1981. 

Hardin-Davis. 1986. Results of the instream flow study on the 
North Fork Feather River. A final report to the California 
Dept. of Fish and Game, Region 11, Sacramento. 15p plus 
figures and appendices. 

Hauck, A.K. 1986. Gas .bubble disease due to helicopter 
transport of young pink salmon. Trans. Am. Fish. Soc., 
115(4):630-635. / 

Hazel, C., S. Herrera, H. Rectenwald and J. Ives. 1976. 
Assessment of effects of altered stream flow characteristics 
on fish and wilalife, Part B: California case studies. 
U.S. Fish Wildl. Serv. FWS/OBS-76/34. 611p. 

Hokanson, K.E., C,F. Kleiner, and T.W. Thorsland. 1977. Effects 
of constant temperatures and die1 temperature fluctuations 
on specific growthband mortality rates and yield of juvenile 
rainbow trout, salmo sairdneri . J. Fish. Res . Bd. Can., 
34:639-648. 



Hooper, D.R. 1973. Evaluation of the effects of flows on trout 
stream ecology. Pacific Gas and Electric Company, Dept. 
of Engineering Research, 9 7p: 

Hume, J. 1984. The effects of various stocking strategies on 
the survival and growth of headwater stocked steelhead. 
Session presentation, 1984 Annual Meeting of the Western 
Division American Fisheries Society, July 16-19, 1984, 
Victoria, ~ritish Columbia. 

Hunt, R.L. 1981. A successful application of catch and release 
regulations on a Wisconsin trout stream; Wisconsin Dept. 
Nat. Res., Tech. Bul. No. 119, 30p. 

Johnson, R.L., P .E. Giguere and 'E.P. Pister. 1966. A progress 
report on the Pleaslant Valley spawning channel, Inyo County. 
Calif. Dept. Fish and Game, Inland Fisheries Adm. Rpt. No. 
66-4,. 9p. 

Kiefling, J.W. 1984. Restoration of spring Creek. Pages 
143-145 in F. Richardson and R.H. Hamre, editors. Wild 
Trout 111: Proceedings of the Symposium. Yellowstone 
National Park, September 24-25, 1984. 

Manzer, Don R. 1987. California Department OF Fish and Game. 
Personal communication. 

Marking, L.L. 1987. Gas supersaturation in fisheries: causes, 
concerns, and cures. U.S. Fish Wildl. Serv., Fish and 
Wildl. Leafl. 9, l o p .  

I 

McAfee, W.A. 1966. Eastern brook trout. Pages 242-260 in 
A.  Calhoun, editor. Inland fisheries management. Calif. 
Dept. Fish and Game, 546p. 

Moyle, P.B., B. Vondracek and G.D. Grossman. 1983. Responses of 
fish populations in the North Fork of the Feather River, 
California, to treatments with fish toxicants. N. Amer. J. 
Fish. Mgmt., 3: 48-60. 

/ 
National Academy of Sciences, National. Academy of Engineering 

(NAS). 1973. Water quality criteria 1972. EPA Ecol. Res. 
Series, EPA-R3-73-033, U.S. Environmental Protection Agency, 
Washington, D.C., 594p. 

Orsborn, J.F. 1987. Washington State University, Pullman, WA. 
Personal comunication. 

Pacific Gas and Electric Company. 1979. Application for new 
license for the ~ o c k  Creek-Crest Project, FERC No. 1962. 

. . . . . . . . . . . .  .- . : . 1.. ' -  . 

Raleigh, R.F., T. Hickman., R.C. soloman,  and:'^.^. " ~ ~lson. . .: 1984.  
Habitat sui tabi1i.t~ i n f  ormation:. rainb~,~:~j~ro~~,, . .+.U;;, S . :.Fish 
and Wildlife ' _ ~ e ~ ~ i ~ . ~ ,  F W S / ~ B S - ~ ~ / ~  . .~.~:~;r:.::~.~,::: ,,T2,7,.;.y.. ,. . .  . .  -i- i.-. ,. , ; 

... . , . . . .  ., . . . . . .  . . . . . ' . . . . . . .  :.: ..., .; J . ' ) T  
......... !. , .  ." ,'.. , . " ' . I  . . . .  . . .  . . .  5. : .  . .... . . .  . . . . . . . .  . . . . . . . .  : , ' ,  . 46 '.i, ...... ,:;: . .  ... ; ..  ,?,,:!::.: , .. .,;. :... . ,  : . . 

. , 
.: . , - : . . .  

, . . . 



Ratliff, Donald E. 1983. Ceratomvxa shasta: longevity, 
distribution, timing, and abundance of the infective stage 
in Central Oregon. Can. J. Fish. Aquat. Sci., 40:1622-1632. 

Reimers, N. 1963. Body condition, water temperature, and.over- 
winter survival.of hatchery-reared trout in Convict Creek, 
California. Trans. Am. Fish. Soc., 92(1):39-46. 

Reiser, D. W. and M. P. Rarney . 1987. Tributary. improvement 
feasibility study for selected' streams in the North Fork 
Feather River drainage. A report prepared for PG&E, San 
Rar~ion, California. 

Rowley, .W. 1955. 1954 Feather River streamside creel census. 
Calif. Dept. Fish and Game, Inland Fisheries Adm. Rpt'. No. 
55-10, 1 1 , ~ .  

~upp, R.S. 1955. Studies of the eastern brook trout population 
and fishery in Sunkhaze Stream, Maine. Jour. Wildl. Mgmt., 
19(3):336-345. 

Schafer, William E. 1968. Studies on the epizootiology of the 
myxosporidan Ceratom~xa shasta Noble. Calif. Fish and Game, 
54(2):90-99. 

Smith, J.J., and H.W. Li. 1983. Energetic factors influencing 
foraging tactics of juvenile steelhead trout, Salmo 
gairdneri. Pages 173-180 in D.L.G. Noakes et al., editors. 
Predators and prey in fishes. Dr. W. Junk Publishers, The 
Hague, The Netherlands. 

Snider, W.M. and A. Linden. 1981. Trout growth in California 
streams. Calif. Dept. Fish and Game, Inland Fisheries Adm. 
Rpt. No. 81-1, Ilp. 

Snider, W.M. and D.C. McKee. 1982. The response of a bait 
angler dominated trout fishery to catch-and-release 
orientated angling regulations. Calif. Dept. Fish and Game, 
Inland Fish. Adm. Rpt. No. 82~8, 21p. 

Snieszko, S.F. 1983. Diseases of fishes: research and control. 
Fisheries, vol. 8, No. 1, p20-22. 

Thompson, R.A. 1988. California Department of Fish and Game. 
Personal communication. 

uSFWS(U.S. Fish and Wildlife Service). 1948. A report on fish 
and wildlife resources in relation to the water development 
plan for the ~eathkr River Basin, Rock Creek and Cresta 
projects (Power Project No. 1962). Report No. 1. U.S. Dept. 
Int, River Basins Studies, lop. 

*., -#, 

- . 1 ; ..4;*. , . % - ' I , -.  - <  J f  \ . + ;  3 - s  , - 4 - -  ..,.;:&-$2 , 
v .  . . 

47 
2 ' .  



I 

USFWS(U.S. Fish and Wildilife Service). 1962. Supplementary 
follow-up report for Rock Creek-Cresta project, FPC no. 
1962, North Fork Feather River, California. Portland, 
Oregon, 12p. 

3 I 

USGS(U.S. Geological Survey). 1905-1913. Surface water supply of 
the United States, Part XI, Pacific slope basins in 
California: U. S . Geol . Survey Water-Supply Papers 21 3, 251 , 
271, 291, 331 and 361. 

.. 

USGS(U.S. Geological Survey). 7914-1948. Surface water supply of 
' the United States, Part XI, Pacific slope' basins in 

California: U.S. Geol. Survey Water-Supply Papers 391,411, 
4 4 1 , 4 6 1 , 4 8 1 , 5 1 1 , 5 3 1 i , 5 5 1 t 5 7 1 I 5 9 1 I 6 1 1 I 6 3 1 , 6 5 1 t 6 7 1 t 6 9 1 t 7 O 6 , 7 2 1 t  
736,751,766,791,811,831 ,861 ,881 ,90 ,1 ,931 ,961 ,981~1011,1041,  
1061,1091 and 1121 . I  

I USGS(U.S. Geological Survey). 1982. Surface water supply of the 
United States, Pacific slope basins in California. 

Wade, M.G. 1986. The relative effects of Ceratomvxa shasta 
on crosses of resistant and susceptible stocks of summer 
steelhead. Masters,Thesis. Oregon State University, 
Corvallis. 

Wales, J.H. and H.A. Hanson. 1952. The effectlon the fishery of 
the North Fork of the Feather River, California, of proposed 
hydro-electric developments with special reference to Cresta 
and Rock Creek projects. Calif. Dept. Fish and Game, Inland 
Fish. Adm. Rpt. No. 52-14, 19p. I 

Ward, J.V. and J.V. ~taniord. 1979. Ecological: ifactors 
controlling stream zoobenthos with emphasils, on thermal 
modification of regulated streams. In Ward and Stanford, 
editors. The ecology of regulated streams. Plenum Press, 
New York and London, 398p. 

Weitkamp, D.E. and M. Katz. 1980. A review of dissolved gas 
supersaturation literature. Il'rans. Am. Fish. Soc. 
109(6):659-702. I . 

I 

Wesche, T.A. 1980. The :WRRI trout cover ratind method: 
development and application. Water Resour. Res. Inst., 
Laramie, WY. WaterlResour. Ser. No. 78, 46p. 

woodward-Clyde ~ansultants (WCC) . 1986. Rock Creek-Cresta 
Project cold water feasibility study: phase 11. Final 
report to Pacific Gas and Electric company!: Dept. of 
Engineering ~esearcd, San Francisco, California. 

- .  * I 

. f j  .-. -4 . G " V  , 7 > - * , r  . . ' * 
48 , 

& ,  

c .  r L  . ' 

+ = ,' 
I 

L ,  , 1 1 "  
? - 

I / 



Wurtsbaugh, W.A. and G.E. Davis. 1977. Effects of temperature 
and ration level on the growth and food conversion 
efficiency of Salmo qairdneri, Richardson. 
J. Fish ~ i o l .  11:87-98.  



APPENDIX I 

IFIM RESULTS OF WUA VS FLOW 
FOR 

NONGAME . SPECIES 



FLOW IbI CFS 
-t JIJVENILE V FRY 

1 

., 

S .  S LICI<ER EST. FROtv! HARDI N -DAVIS 
30 

2 8  - 

2 e; .- 
2 dl- - 

22 --, 
2 0  - 

1 .p. - 

16 - 

1 4- - 
12 - 

10 - 

n - 
6 - 
4- - 

2 - 

0 

-.-- --. 

I 

~=-l-~+t----l* ; 
; yr~'~='== l--l--+- 

'-Y-I--.-~.--- 
s*+%;*@ h l - - - - (  ---.--.I-- ,--- 

'0-6+3- B--e-346=i!i=~ 
~f~ e-8- 

-& -̂8-- ; $---8 -. 
Era  

a@ 
@EPn: 

0 

---- I I 
- 

7 - 1  



CRESTA REACI-I. 
S .  SUCKER EST. FROtd I-iAUDII~I-DAVIS 

FLOW lf\J CFS 
n AD LJI-P -I- JUVENILE o FRY 



ROCK CREEK REACI-I 
S .  SQCJAWFISH EST. FROM HARDlbl-DAVIS 

FLOW It \ /  CFS 
n ADULT + JUVENILE 



CRESTA REACH 

FLOW 114 CFS 
CI ADULT + JUV/FRY 



ROCK CREEK REACH 
I-IARD HEAD EST. FROM I-IARDI N -DAVIS 

FLOW IN CIrS 
a AD I..J 1-T -I- J I.JV/F RY 



FLOW IN ClrS 
O .ADULT -I- J UV/F RY 

CRESTA REACH 
1 

I 

HARD HEAD EST, FROM I-1ARDI N -DAVIS 

- 

- 

- 
- 

- 
- 

-. 

- 
- 
- 
- 

- 

- 
- 
- 

.. 

-\ 3 

'"hb%-5"" 
-H-~-R-H-- ~---R--W--E3-13-e-~~-e -- 

ana -'--I- 
- - ~ - ) - c l - - l - - i - - l - t - + - ~ - + . ~ ~ + .  

@I3 

I I I I I 


