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FOREWORD 

One of t h e  most popular  outdoor s p o r t s  i n  t h e  n a t i o n  today is  
f i s h i n g ,  and one of  t h e  b e t t e r  p l a c e s  i n  t h e  n a t i o n  t o  engage i n  t h a t  s p o r t  
has  been Cal ifor-nia 's  n o r t h  c o a s t a l  a r e a .  The Klamath, Smith, and Eel  Rivers  
are famous f o r  salmon and s t e e l h e a d ,  and o t h e r  r i v e r s  i n  C a l i f o r n i a ' s  water- 
r i c h  n o r t h  c o a s t a l  a r e a  have t r a d i t i o n a l l y  provided a v a r i e t y  of f i s h i n g  
o p p o r t u n i t i e s .  

However, i n  r e c e n t  y e a r s  t h e  c h a r a c t e r  of n o r t h  c o a s t a l  s t reams 
has  changed d r a s t i c a l l y .  Logging, mining, road c o n s t r u c t i o n ,  and o t h e r  
a c t i v i t i e s ,  coupled w i t h  two e x t r a o r d i n a r i l y  l a r g e  f l o o d s ,  have changed 
many n o r t h  c o a s t a l  s t reams from t r e e - l i n e d  meandering channe l s  w i t h  deep,  
coo l  poo l s  and long  r i f f l e s ,  i n t o  shal low,  s i l t e d ,  warm waterways b a r r e n  
of s t r eams ide  vege ta t ion .  Anadromous f i s h  runs  i n  some n o r t h  c o a s t a l  r i v e r s  
have dec l ined  as much a s  60 t o  80 percent  i n  r e c e n t  decades.  Many of  t h e s e  
rivers have become t o o  t u r b i d  t o  f i s h  throughout  much of  t h e  salmon and 
s t e e l h e a d  season.  

I n  response  t o  t h i s  s i t u a t i o n ,  t h e  C a l i f o r n i a  L e g i s l a t u r e  i n  1965 
asked t h e  Department of Water Resources t o  r e p o r t  on t h e  d e s i r a b i l i t y  of 
s tudy ing  f i s h e r i e s  improvements on sma l l  n o r t h  c o a s t a l  s t reams.  The 
Department, i n  a 1966 r e p o r t ,  found t h a t  f i s h e r i e s  p l a y  a  v i t a l  r o l e  i n  
t h e  n o r t h  c o a s t a l  economy and t h a t  a  s tudy  of p o s s i b l e  f i s h e r y  enhancement 
p r o j e c t s  should b e  made. 

That f i n d i n g ,  s t rengthened  by subsequent  i n c r e a s e d  p u b l i c  emphasis 
on t h e  environment, l e d  t h e  Department i n  J u l y  1971 t o  i n i t i a t e ,  i n  coopera- 
t i o n  w i t h  t h e  Department of F i s h  and Game, a  n o r t h  c o a s t a l  f i s h e r i e s  enhance- 
ment s tudy .  The o b j e c t i v e  of t h e  s tudy  was t o  develop s e v e r a l  a l t e r n a t i v e  
enhancement p o s s i b i l i t i e s  and ,  i f  p o s s i b l e ,  t o  s e l e c t  one o r  more of t h e s e  
a l t e r n a t i v e s  f o r  recommended implementation. 

This  r e p o r t  p r e s e n t s  t h e  r e s u l t s  of t h e  f i r s t  phase  of s tudy .  

.rsl...,.\ x L s - ~ & . , 3  
b 

Albe r t  J .  D o l c i n i  
D i s t r i c t  Engineer  
Northern D i s t r i c t  
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CHAPTER I. SUMMARY 

The n o r t h  c o a s t a l  r e g i o n  of C a l i f o r n i a  h a s  a  h i s t o r y  of o f f e r i n g  
some of t h e  b e s t  salmon and s t e e l h e a d  f i s h i n g  i n  t h e  e n t i r e  n a t i o n .  The 
Klamath R ive r ,  t h e  l a r g e s t  s t r eam i n  t h e  North Coast ,  ha s  a r e p u t a t i o n  as 
one of  t h e  l e a d i n g  producers  of s t e e l h e a d  i n  t h e  n a t i o n .  E s s e n t i a l l y  a l l  
of C a l i f o r n i a ' s  s i l v e r  salmon and a t  l e a s t  80 p e r c e n t  of t h e  s t e e l h e a d  a r e  
found i n  n o r t h  c o a s t a l  s t reams.  The Smith and T r i n i t y  R ive r s  a r e  famous f o r  
t h e i r  a b i l i t y  t o  c l e a r  r a p i d l y  a f t e r  s torms  and remain f i s h a b l e  du r ing  most 
of t h e  season.  The Ee l  River  has  supported ex t remely  l a r g e  numbers of 
anadromous f i s h  i n  y e a r s  p a s t .  In te rmedia te -s ize  c o a s t a l  streams such a s  
Redwood Creek and t h e  Mat to le  and Navarro R ive r s  have s t a t e w i d e  r e p u t a t i o n s  
f o r  producing runs  of  l a r g e  s t e e l h e a d ,  w i t h  many b e i n g  i n  t h e  15- t o  
20-pound c l a s s .  Even sma l l  s t reams such as L i t t l e  River and Tenmile River  
a t  one t ime provided e x c e l l e n t  f i s h i n g .  F i s h e r i e s  a r e  a n  impor tan t  p a r t  o f '  
t h e  n o r t h  c o a s t a l  area's r e c r e a t i o n  s e r v i c e  i n d u s t r y  which i s  second only  t o  
lumbering i n  economic va lue .  The annual  income from commercial f i s h i n g  i s  
about equa l  t o  t h a t  de r ived  from a g r i c u l t u r e  and i s  exceeded on ly  by 
lumbering and r e c r e a t i o n .  

However, i n ' r e c e n t  y e a r s  an  ominous c loud  has  rendered u n c e r t a i n  
t h e  f u t u r e  of n o r t h  c o a s t a l  f i s h i n g .  Due t o  many f a c t o r s ,  some n a t u r a l  
bu t  many caused by poor  land  use  p r a c t i c e s ,  t h e  c h a r a c t e r  of n o r t h  c o a s t a l  
s t reams has  changed d rama t i ca l ly .  I n s t e a d  of deep, t r e e - l i n e d  channels  
wi th  f r equen t  poo l s  and long r i f f l e s  c a r r y i n g  c o o l  wa te r ,  many c o a s t a l  r i v e r s  
have become shal low,  warm, and ba r r en  of s t r e a m s i d e  v e g e t a t i o n .  Concurrent ly,  
f i s h  popu la t ions  i n  t h e s e  r i v e r s  have d e c l i n e d  a t  a n  a la rming  r a t e  and many 
r e s p o n s i b l e  i n d i v i d u a l s  d e s p a i r  of them e v e r  r e c o v e r i n g  t o  p rev ious  l e v e l s .  
Over t h e  last  fou r  decades,  k ing  salmon runs  have d e c l i n e d  about  80 pe rcen t  
i n  t h e  Klamath River  and 60 pe rcen t  i n  t h e  Shas t a  River .  During the  l a s t  
t h r e e  t o  f o u r  decades,  average s t e e l h e a d  runs  have d e c l i n e d  75 pe rcen t  i n  
t h e  Eel  River  a t  Van Arsda le  Dam and 65 pe rcen t  i n  t h e  South Fork Eel  River  
a t  Benbow Dam. Such dec reases  appear  t o  be t y p i c a l  of  many o t h e r  n o r t h  
c o a s t a l  s t reams.  The amount of t ime t h e  s t reams a r e  c l e a r  enough f o r  f i s h i n g  
has a l s o  decreased  tremendously. The Eel  River  i s  too  t u r b i d  t o  f i s h  through- 
o u t  much of t h e  salmon and s t e e l h e a d  season.  A s i m i l a r  s i t u a t i o n  has  occurred  
on many of t h e  smaller n o r t h  c o a s t a l  s t reams.  Redwood Creek has  been s e v e r e l y  
damaged as an anadromous f i s h  s t ream,  and t h e  I f a t t o l e  River ,  which once c l e a r e d  
i n  2 o r  3 days, now t a k e s  a s  much a s  3 weeks a f t e r  a  s torm t o  become f i s h a b l e .  

Causes f o r  t h e  d e c l i n e s  i n  f i s h  numbers and f i s h a b i l i t y  can  be  
a t t r i b u t e d  t o  many f a c t o r s  i nc lud ing  f l o o d s ,  dam c o n s t r u c t i o n ,  road bu i ld ing ,  
overgraz ing ,  and logging .  However, s i n c e  f l o o d s  have occurred  p e r i o d i c a l l y  
throughout  h i s t o r y ,  and s i n c e  l a r g e  dams have been c o n s t r u c t e d  on r e l a t i v e l y  
few n o r t h  c o a s t a l  s t reams,  t h e  major l o s s e s  appear  t o  have r e s u l t e d  from poor 
watershed management p r a c t i c e s .  

A 1971 r e p o r t ,  "An Environmental ~ r a g e d y " ,  prepared  by a s p e c i a l  
Governor's Task Force,  showed t h a t  a s  much as 88 p e r c e n t  of t h e  s t r eam 



channels of some north coastal streams, such as Redwood Creek in Humboldt 
County and the Garcia River in Mendocino County, have been damaged by 
logging, road building, and overgrazing (no dams exist on these rivers). 

One of the most significant inland factors adversely affecting 
steelhead and silver salmon runs in north coastal streams appears to be a 
lack of adequate rearing habitat. Many fishery biologists now feel that the 
extremely low summer flows of north coastal streams which have been damaged 
by increased sedimentation and riparian vegetation removal is responsible to 
a large degree for the high mortality rate of young steelhead trout and silver 
salmon. Low summer flows combined with changes in river character result in 
poor living conditions due to decreased food production, increased competition 
for living space, high temperatures, and increased vulnerability to natural 
enemies . 

Several opportunities exist for increasing the numbers of fish 
and improving fishing conditions in north coastal rivers. They include: 
(1) construction of fish hatcheries and rearing ponds; (2) removal of fish 
barriers to make new spawning and nursery areas available; (3) construction 
of fish passage facilities over immovable barriers; (4) construction of 
artificial spawning channels with controlled water supply, water temperatures, 
and selected gravels; (5) watershed management; (6) modification of the 
operation of existing reservoirs to produce better flows for fish; and 
(7) construction of streamflow enhancement reservoirs to control floodflows, 
increase summer and fall flows, and improve water temperatures. 

.Each of these enhancement possibilities was considered during 
the early stages of this study. Fish hatcheries, rearing ponds, barrier 
removal, and artificial spawning channels were determined to have potential 
for enhancement and are already being evaluated by the Department of Fish 
and Game. Watershed management, although a promising technique, was con- 
sidered beyond the scope of this study. Streamflow augmentation was the 
only enhancement possibility which showed promise of success, was not being 
studied, and fell within the purview of the Department of Water Resources. 
Emphasis during this study was therefore placed on evaluation of streamflow 
augmentation possibilities. 

Coastal streams initially considered for study of flow augmentation 
included Redwood Creek and the Mattole, Navarro, Noyo, Big, Tenmile, and 
~ualaia Rivers. The Mattole River was selected by the Department for con- 
centrated study for the following reasons: 

1. It once supported large runs of salmon and steelhead, 
but present runs are greatly reduced. 

2. At least one good dam and reservoir site exists in the 
upper basin where blockage of upstream fish habitat 
would be minimal and length of stream which could be 
enhanced would be large. 

3. Natural streanflows at the damsite are low in turbidity, 
thereby assuring that clear water releases could be made 
from the reservoir. 



4. Lack of adequate  r e a r i n g  a r e a  a s s o c i a t e d  w i t h  ex t remely  
low summer f lows  appears  t o  be a  l i m i t i n g  f a c t o r  t o  
anadromous f i s h  popu la t ions  i n  t h e  r i v e r .  

5 .  The r i v e r  i s  a lmost  f r e e  of nongame f i s h  s p e c i e s ;  t h e r e f o r e ,  
i nc reased  summer f lows  would b e n e f i t  mainly s t e e l h e a d  and 
s i l v e r  salmon. Inc reased  f a l l  and s p r i n g  f lows would 
b e n e f i t  s t e e l h e a d ,  s i l v e r  salmon, and k ing  salmon. 

6. The s t ream was o f f i c i a l l y  i d e n t i f i e d  by Humboldt County as 
having t h e  h i g h e s t  p r i o r i t y  f o r  s tudy  of f i s h e r i e s  enhance- 
ment p o s s i b i l i t i e s .  

Two p o t e n t i a l  r e s e r v o i r  s i t e s  l o c a t e d  on t h e  upper Ma t to l e  River  
were eva lua t ed  i n  t h i s  s tudy.  E i t h e r  of t h e s e  r e s e r v o i r s  could  g r e a t l y  
i n c r e a s e  summer f lows  throughout  t h e  more than  50 m i l e s  o f  r i v e r  between 
t h e  damsi tes  and t h e  r i v e r  mouth. These f lows could i n c r e a s e  t h e  c a p a b i l i t y  
of  t h e  r i v e r  t o  suppor t  j u v e n i l e  f i s h  u n t i l  they  were ready  f o r  "outmigrat ion" 
t o  t h e  ocean. Cons t ruc t ion  of a  dam could a l s o  i n c r e a s e  r e c r e a t i o n  use ,  bo th  
a t  t h e  p r o j e c t  r e s e r v o i r  and a long  t h e  r i v e r .  

The Department of F i s h  and Game found t h a t  i t  was no t  p o s s i b l e  i n  
t h i s  s tudy  t o  e s t i m a t e  t h e  i n c r e a s e  i n  numbers of anadromous f i s h  t h a t  would 
r e t u r n  t o  t h e  r i v e r  a s  a r e s u l t  o f  a  f low augmentation f i s h e r y  enhancement 
p r o j e c t .  Probably t h e  only  s u r e  way of de te rmining  t h e  enhancement p o t e n t i a l  
o f  flow augmentation r e s e r v o i r s  would be t o  c o n s t r u c t  a  " p i l o t "  p r o j e c t  and 
c a r e f u l l y  monitor t h e  r e t u r n s  of f i s h  f o r  s e v e r a l  yea r s .  

Although t h i s  s tudy  was supported by t h e  Humboldt County Board of 
Superv isors  and t h e i r  du ly  c o n s t i t u t e d  F i s h  and Game and Water Committees, 
people l i v i n g  w i t h i n  t h e  Mat to le  River  Basin were u n i t e d  i n  o p p o s i t i o n  t o  
c o n s t r u c t i o n  of  a  dam. I n  view of t h i s  oppos i t i on ,  and r ecogn iz ing  t h a t  a  
p r o j e c t  of t h i s  t ype  would r e q u i r e  s t r o n g  l o c a l  suppor t  t o  o b t a i n  p u b l i c  
f i nanc ing ,  f u t u r e  s t u d i e s  of t h e  Plat tole  River  have been d e f e r r e d  and emphasis 
has  been s h i f t e d  t o  f i s h e r i e s  enhancement p o s s i b i l i t i e s  on t h e  Upper Ee l ,  
and T r i n i t y  Rivers .  

Conclusions 

1. ~ a l i f o r n i a ' s  n o r t h  c o a s t a l  s t reams from t h e  Russian R ive r  t o  
t h e  Oregon border  provide  h a b i t a t  f o r  approximately 38 p e r c e n t  
of t h e  k ing  salmon, 88 pe rcen t  of t h e  s t e e l h e a d ,  and 95 p e r c e n t  
of t h e  s i l v e r  salmon spawning i n  C a l i f o r n i a  s t reams.  

2. Salmon and s t e e l h e a d  a r e  extremely impor tan t  t o  t h e  economy of 
t h e  n o r t h  c o a s t a l  a r e a  because of t h e  r e c r e a t i o n  and t o u r i s t  
t r a d e  they  h e l p  suppor t .  

3. I n  t h e  l a s t  t h r e e  decades,  k ing  salmon runs  i n  major n o r t h  
c o a s t a l  s t reams have d e c l i n e d  by 65 t o  8 0 ' p e r c e n t  and s t e e l h e a d  
runs have d e c l i n e d  by a s  much as 80  pe rcen t .  



4. Causes of t h e  dec l ines  can be  a t t r i b u t e d  t o  many f a c t o r s ,  such 
a s  logging,  road cons t ruc t ion ,  f l o o d s ,  f i r e s ,  ove r f i sh ing ,  dam 
cons t ruc t ion ,  mining, land convers ions ,  and overgraz ing.  Many 
of t h e  f a c t o r s  adverse ly  a f f e c t i n g  r i v e r  systems a r e  e i t h e r  
t o t a l l y  man caused o r  a r e  a c c e l e r a t e d  by t h e  a c t i v i t i e s  of man. 

5. Severa l  p o s s i b l e  f i s h e r i e s  enhancement techniques have been 
t r i e d  i n  C a l i f o r n i a ,  Washington, and Oregon wi th  varying degrees 
of success.  These techniques ,  and t h e i r  p o t e n t i a l  a p p l i c a t i o n  
t o  t h e  North Coast,  a re :  

Enhancement Technique Appl ica t ion  t o  North Coas ta l  Area 

F i s h  h a t c h e r i e s  and r e a r i n g  - Successful .  Addi t ional  h a t c h e r i e s  
ponds would be b e n e f i c i a l .  

Construct ion of f i s h  pass- - This  i s  a  cont inuing program t h a t  
age  f a c i l i t i e s  and b a r r i e r  produces worthwhile r e s u l t s .  
removal 

A r t i f i c i a l  spawning channels  - L i t t l e  p o t e n t i a l  on nor th  c o a s t a l  
st reams. 

Watershed management - Would b e n e f i t  most r i v e r  bas ins .  

Reoperation of e x i s t i n g  - Very d e s i r a b l e ,  bu t  p o s s i b i l i t i e s  
r e s e r v o i r s  a r e  l imi ted .  

Streamflow augmentation - Most c o a s t a l  s treams e x h i b i t  need 
f o r  inc reased  summer f lows.  

6. Summer streamflow augmentation shows good p o t e n t i a l  f o r  enhance- 
ment of smal l  c o a s t a l  s treams bu t  has  no t  been proven i n  p r a c t i c e .  
Operat ion of a  "p i lo t "  p r o j e c t  i s  t h e  b e s t  way of comparing t h e  
b e n e f i t s  of t h i s  enhancement p o s s i b i l i t y  wi th  o t h e r ,  more conven- 
t i o n a l ,  techniques.  

7. De ta i l ed  streamflow augmentation s t u d i e s  were l imi ted  t o  two s i t e s  
on t h e  Mattole River. However, much of t h e  information ob ta ined  
i s  a p p l i c a b l e  t o  s i m i l a r  p r o j e c t s  on o t h e r  streams. 

8. A s  long a s  l o c a l  oppos i t ion  remains s t r o n g ,  no f u r t h e r  f i s h e r i e s  
enhancement s t u d i e s  w i l l  be made on t h e  Mattole River. 

9. E f f o r t s  by t h e  Department of Water Resources t o  improve anadromous 
f i s h  runs i n  t h e  nor th  c o a s t a l  a r e a  w i l l  cont inue  by means of t h e  
ongoing Eel-Russian River Streamflow Augmentation Study, i n t e r -  
agency s t u d i e s  on t h e  T r i n i t y ,  and p o s s i b l e  f u t u r e  s t u d i e s  on o t h e r  
c o a s t a l  s treams.  



CHAPTER 11. ANADROMOUS FISHERY RESOURCES AND TRENDS 

Anadromous f i s h  a r e  a n  ou t s t and ing  and v a l u a b l e  r e sou rce  of t h e  
n o r t h  c o a s t a l  a r ea .  The word anadromous, from t h e  Greek anadromos, "upward 
running", a s  a p p l i e d  t o  f i s h  means those  s p e c i e s  which ascend r i v e r s  from 
t h e  s e a  f o r  breeding  purposes.  The s p e c i e s  of g r e a t e s t  importance i n  n o r t h  
c o a s t a l  streams a r e  k i n g  (chinook) salmon, s i l v e r  (coho) salmon, and s t e e l -  
head t r o u t .  American shad, s tu rgeon ,  sme l t ,  and P a c i f i c  lamprey a r e  a l s o  
found i n  some c o a s t a l  s t reams,  b u t  t h e i r  c o n t r i b u t i o n  t o  t h e  f i s h e r y  i s  
r e l a t i v e l y  small .  Anadromous f i s h  must be  a b l e  t o  m i g r a t e  upstream from t h e  
ocean t o  spawning grounds where adequate  s t reamflow and s u i t a b l e  wa te r  temp- 
e r a t u r e s  and water  q u a l i t y  p r e v a i l .  Most young k ing  salmon mig ra t e  down- 
s t ream t o  t h e  ocean soon a f t e r  ha tch ing ,  bu t  j u v e n i l e  s i l v e r  salmon and 
s t e e l h e a d  remain i n  f r e s h  water  f o r  one o r  more y e a r s  b e f o r e  m i g r a t i n g  t o  
t h e  ocean. Thus, t hey  r e q u i r e  s u i t a b l e  h a b i t a t  throughout  t h e  e n t i r e  year .  
Table 1 lists a few of t h e  known c r i t i c a l  p h y s i c a l  f a c t o r s  i n  t h e  f r e shwa te r  
c y c l e  of s i l v e r  salmon and s t ee lhead .  

TABLE 1 

CRITICAL PHYSICAL FACTORS I N  FRESHWATER 
CYCLE OF SILVER SALMON AND STEELHEAD 

P h y s i c a l  F a c t o r  D e s i r a b l e  Range 

Temperature 

Dissolved Oxygen 

- J u v e n i l e s  
- Spawning 

- Embryos 
- J u v e n i l e s  

Food-Producing R i f f l e s  - Gravel  S i z e  
- Veloc i ty  

Above 9 ppm 
Above 7 ppm 

1/8-10 i n .  
112-3 f p s  

Spawning Area, per  Spawning P a i r  60 sq .  f t .  

Spawning Gravel S i z e  114-4 i n .  

Veloc i ty  of Flow Over Spawning Beds 1-3 f p s  

Spawning Water Depth 112-3 f t .  

Tu rb id i ty  - ~ i s h i n ~  . Less than  30 JTU 

While m i l l i o n s  of j u v e n i l e  salmonids a r e  hatched each  yea r ,  a 
g r e a t l y  reduced number s u r v i v e  t o  mig ra t e  downstream t o  t h e  ocean, and on ly  
a r e l a t i v e l y  small number r e t u r n  t o  spawn. Before l e a v i n g  f r e s h  wa te r ,  
approximately 95 p e r c e n t  of t h e  young s t e e l h e a d  f r y  succumb t o  p r e d a t o r s  



and n a t u r a l  o r  a r t i f i c i a l  hazards such a s  drying streams,  water  d ive r s ions ,  
and p o l l u t i o n .  A s  t h e  f i s h  grow i n  t h e  ocean, they a r e  sub jec ted  t o  i n t e n s e  
c o m e r c i a l  and s p o r t  f i sh ing .  This  a f f e c t s  k ing and s i l v e r  salmon much more 
than  s t ee lhead  because few s t e e l h e a d  a r e  taken i n  t h e  ocean. The spawning 
escapement i s  comprised of those  f i s h  which have s u c c e s s f u l l y  nego t i a t ed  
t h e s e  va r ious  hazards ( inc luding n a t u r a l  m o r t a l i t y  a t  s e a )  and re tu rned  t o  
t h e i r  n a t i v e  streams t o  spawn. Less than 3 percen t  of t h e  downstream steel- 
head migrants  reaching t h e  ocean a r e  a b l e  t o  r e t u r n  and spawn i n  t h e i r  n a t i v e  
stream. Approximately two-thirds of t h e  a d u l t  k ing  salmon popula t ion  is 
caught i n  t h e  ocean and another  9 pe rcen t  i s  taken by t h e  in land  s p o r t  
f i s h e r y  . 

King salmon a r e  found i n  major s treams such a s  t h e  Smith, Kla-th, 
T r i n i t y ,  Mad, Eel ,  and Van Duzen Rivers ,  and i n  s e v e r a l  smal ler  r i v e r s  and 
t r i b u t a r i e s .  They a r e  t h e  l a r g e s t  of a l l  salmon and average about  20 pounds 
when mature, al though spawning f i s h  a s  l a r g e  a s  50 pounds a r e  common. Fa l l -  
run k ing salmon e n t e r  these  streams a s  maturing a d u l t s  dur ing  t h e  l a t e  summer ' 

o r  f a l l ,  and spawn between October and January. Spring- and summer-run k ing 
salmon e n t e r  t h e  r i v e r s  dur ing  t h e  s p r i n g  and e a r l y  summer and spend s e v e r a l  
months i n  t h e  cool  waters  o f  upstream a r e a s  be fo re  spawning i n  e a r l y  f a l l .  

Se lec t ion  of t h e  spawning s i t e  and p repara t ion  of the  n e s t  o r  
"redd" is accomplished by t h e  female. She then d e p o s i t s  4,000 t o  6,000 eggs, 
t h e  male f e r t i l i z e s  them, and she  immediately covers them wi th  g rave l .  The 
eggs u s u a l l y  hatch i n  50 t o  60 days, depending on water  temperatures,  and 
t h e  young salmon begin t h e i r  journey t o  t h e  ocean s h o r t l y  a f t e r  emerging from 
t h e  gravel .  Af te r  about 4  yea r s  i n  t h e  ocean (a range of 2 t o  6  y e a r s  i s  
common) the  f i s h  r e t u r n  t o  t h e  stream of t h e i r  o r i g i n  t o  spawn. A l l  P a c i f i c  
salmon d i e  a f t e r  spawning. 

S i l v e r  salmon i s  t h e  only o t h e r  salmon commonly found i n  ~ a l i f o r n i a ' s  
nor th  c o a s t a l  streams. A mature s i l v e r  salmon usua l ly  weighs between 7 and 
12 pounds. The l i f e  h i s t o r y  of t h e  s i l v e r  salmon i s  somewhat d i f f e r e n t  from 
t h a t  of k ing salmon. S i l v e r  salmon usua l ly  e n t e r  t h e  s t reams l a t e r  than k ings ,  
and spawn between November and January. Af te r  ha tching,  j u v e n i l e  s i l v e r  
salmon usua l ly  spend 1 f u l l  year  i n  f r e s h  water  be fo re  e n t e r i n g  t h e  ocean. 
They usua l ly  r e t u r n  t o  spawn a t  3 years  of age  a l though some precocious  males 
r e t u r n  a t  2 yea r s  of age. S i l v e r  salmon p r e f e r  smal ler  s treams than k ing 
salmon, al though t h e r e  is over lap  i n  d i s t r i b u t i o n .  S i l v e r  salmon are abun- 
dant  i n  t h e  small c o a s t a l  s treams of liendocino County'where king salmon a r e  
v i r t u a l l y  absent .  

Steelhead t r o u t  a r e  p resen t  i n  a l l  s u i t a b l e  s treams of t h e  nor th  
c o a s t a l  a r e a  and a r e  t h e  most abundant of the  salmonid s p e c i e s  i n  t h i s  a rea .  
Steelhead e n t e r  f r e s h  water  dur ing  t h e  l a t e  f a l l  o r  e a r l y  winter  and spawn 
dur ing the  win te r  o r  s p r i n g  months. Young s t ee lhead  spend from 1 t o  3 years  
i n  f r e s h  water before  migra t ing  t o  t h e  ocean. They r e t u r n  t o  spawn a f t e r  
1 o r  2 yea r s  i n  the  ocean. Although s t ee lhead  do no t  n e c e s s a r i l y  d i e  a f t e r  
spawning, many succumb t o  t h e  r i g o r s  of migra t ion  and spawning, and t h e  
number t h a t  spawn more than once i s  small .  



Salmon and steelhead have amazing navigational abilities which 
enable them to return to their native streams after spending several years 
in the ocean. Sometimes they travel more than a thousand miles from their 
birthplace. However, some of these fish stray into other tributaries of 
their native river system, particularly if their home stream is inaccessible. 
These fish face tremendous hazards and difficulties in their upstream migra- 
tions from ocean to place of birth. Fishermen, natural predators, high 
velocity flows, waterfalls, log jams, and other stream blockages are only a 
few of the obstacles to migrating fish. These fish are truly magnificent 
and unique creatures which man has marvelled at and benefited from for 
thousands of years. 

Importance of Anadromous Fishery to North Coastal Area 

Fishing in the north coastal area of California is a healthy blend 
of business and pleasure and is very important to sportsmen, tourists, com- 
mercial fishermen, and recreation-oriented businesses. The sportsman is 
willing to travel great distances and spend considerable sums of money to 
fish for salmon and steelhead. The commercial fisherman earns his livelihood 
in part from ocean caught salmon which are in turn supplied to local sea food 
restaurants and other retail outlets. Many tourist facilities such as resorts, 
motels, and sporting goods stores are greatly dependent on the sport fisherman 
trade for business during the early winter months when tourism is at a low 
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Approximately 240,000 angler days are spent annually to catch 
90,000 steelhead and 42,000 king and silver salmon on Northern California 
streams between the Gualala and Smith Rivers. Additionally, about 140,000 
angler days per year are expended in ocean sport-fishing for salmon from 
party boats and private craft. The present yield of ocean caught salmon is 
675,000 to commercial fishermen and 41,000 to sportsmen. Although commercial 
salmon landings make up less than 10 percent of commercial fish landings in 
the Eureka region ports, they provide nearly 30 percent of the income to 
fishermen. 

Recreation comprises the second largest income producing industry 
in the north coastal area and commercial fishing ranks fourth, behind lumber, 
recreation, and agriculture. Therefore, a general decline of north coastal 
fishery resources should not be taken lightly, or written off as inevitable. 
Too much is at stake economically and recreationally. Proper steps must be 
taken to assure the continued survival of 'our salmon and steelhead resources. 

Fish Population Trends 

The history of fish runs in the North Coast is a subject which 
generally results in some controversy even among fishery biologists. The 
basic problem is the general lack of accurate long-term fish count data on 
north coastal streams. Most fish counting stations date from the 1930s and 
were located at fish ladders constructed around dams. Prior to 1930, the 
main information available is from newspaper reports and accounts of long- 
time residents. 



Data available on salmon and steelhead counts in coastal streams 
are shown in Figure 1 and Table 2. It becomes obvious with only a very 
cursory analysis of these data that fish populations at most counting stations 
have severely declined during the period of record. 

King salmon fish counts have been made on the Klamath and Shasta 
Rivers above their confluence since 1925 and 1930, respectively. These counts 
have demonstrated a high degree of annual variability with a general downward 
trend. A trend of substantial decreases was observed on the Klamath River 
from 1956 through 1969, but high counts were obtained in 1970 and 1971. The 
Shasta River sustained large reductions in king salmon counts from 1947 through 
1957 but demonstrated increases from 1958 through 1964. Recent years have 
shown a leveling off trend with decreases during 1971 and 1972. 

The Mad River at Sweasey Dam, the Eel River at Van Arsdale Dam, 
and the South Fork Eel River at Benbow Dam all demonstrate large decreases 
of salmon and steelhead trout. Increases of silver salmon occurred in 1962 
and 1963 on the Mad River due to a short-term planting program on the stream. 
Although of a temporary nature, this increase demonstrated the potential 
ability of such artificial plantings to increase depleted fish runs. It is 
expected that the recently constructed Mad River Hatchery will be able to 
produce long-term increases on the Mad, as well as other north coastal rivers. 

It can be concluded from the foregoing data that salmon and steel- 
head are extremely resilient species with the ability to respond positively 
to improved environmental conditions as well as negatively to habitat degrad- 
ations. For example, salmon counts on the Shasta River decreased from a high 
of 74,500 in 1935 to a low of only 37 in 1948. At this point it would have 
been logical to predict the extinction of the run, but in 1959 the count was 
up to approximately 10,000 fish and in 1964 it was 34,000. 

Information gained from old newspaper accounts, long-time residents 
of the area, and fishermen creel censuses also indicate a decline in the 
north coastal fishery. While it is not possible to ascertain precisely the 
degree of decline in the coastal fTshery, the fact that a decline of signifi- 
cant proportions has occurred is inescapable. 

Natural fish runs in Oregon and Washington have experienced similar 
declines in recent years, but total numbers of anadromous fish have decreased 
less than in California due to an aggressive planting program. Washington 
stocks 3.3 million pounds of hatchery salmon annually and claims to be main- 
taining runs in all but the Columbia River. Oregon stocks 3.4 million pounds 
of salmon and steelhead and claims maintenance of the runs but not enhancement, 
California stocks 1 million pounds of salmon and steelhead and the runs are 
continuing to decline. 
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TABLE 2 

CALIFORNIA COASTAL STREA13S SALMON AND STEELHEAD C U T  
BY CALIFORNIA DEPARTMENT OF FISH AND WE 

Klamnth River T r i n i t y  River Uad River btrth Fork o f  Eel H v e r  
(Klamnthon Racks) Shasta Riv r Leutston 4 Chtnook' Coho) Steel- (Sueasey Dam) 

(Embow b a )  
Chinook thinook Coho Steel- B i n o a k  Coho Steel-  

Year Salmon Sa 1 mon Salmon Salmon head Salmon Salmon head Salmn head hlm Salmn head 

1930 2.392 19.338 -- - - -- -- - - -- - - -- -- -- - - 
1931 12,611 81,844 -- -- - - - - -- - - - - -- -- -- -- 
1932 13.740 34.689 -- -- - - - - -- -- -- -- -- -- -- 
1933 - - 11.570 -- -- -- -- - - -- -- 3,247 -- -- -- 
1934 10,340 48.668 -- -- -- -- -- -- -- 2,255 -- -- - - 
1935 14.051 74.537 -- - - -- -- -- -- -- 6.310 -- -- -- 
1936 10.398 46.115 -- -- -- -- -- -- -- 6.861 -- -- - - 
1937 33.144 33.255 - - -- - - - - - - - - -- 3.413 -- -- -- 
1938 16.340 9.090 3 -- -- -- 1.273 498 3,110 -- 4.786 6.051 7.370 12.995 -- 1939 28,167 -- -- -- 1,257 725 3.118 - - 3.889 3.424 8.629 14.476 
1940 14.965 55.155 -- -- -- 1,293 73 5.706 -- 2.225 14.691 11.073 18.308 
1941 11.204 13.252 -- -- - - 3.139 308 4.583 .-- -- 21.011 13.694 17.356 
1942 13.036 11.425 195 41 -- -- 1.676 378 6,650 -- -- -- 10,612 15.037 25.032 
1943 10.022 -- -- 1.236 259 4,921 -- -- 4/ -- - - 7.264 13.030 23.415 
1944 11.498 9.925 -- -- - - -- -- -- 9.528 13,966 18.309 20,172 
1945 -- 18.191 7.510 -- -- -- -- -- -- 5.054 12.488 16.731 13.626 
1946 - - 7.590 274 - -- -- 1.181 415 5,106 91 7 4.409 16,024 14.109 19.005 - - 1947 341 - - -- -- 717 510 3.582 994 176 13,160 25,289 18.225 
1948 5,821 37 -- - - -- 672 515 3.139 -- 2.433 16.312 12.872 13,963 
1949 11.504 193 -- -- -- -- -- 3,803 7,495 13.715 484 512 4.074 
1950 21.584 248 -- -- -- 1,505 147 4.430 55 1,091 14.357 12.050 15,138 
1951 17.857 2.024 - - - - -- 1.519 414 5.543 -- 5.444 12.476 11.441 13,774 
1952 6.591 1.666 -- -- -- 401 -- 2.197 7.256 3.711 19.488 72 5.613 
1953 6.267 1.605 -- - - -- 847 91 2,943 -- 2,590 7.948 3,052 15,405 
1954 2,042 2.625 -- -- -- 409 59 2.390 -- 6.131 5.367 5,952 13,609 
1955 14.946 1.817 - - -- -- 390 2 148 5 3.719 3.974 5,977 10.065 
1956 6.770 - - -- -- -- 129 21 2,717 -- 4.109 1.530 5.717 12.333 
1957 2.436 2.234 61 -- -- -- 494 11 1.957 2 5.151 3.050 5,433 7.910 
1958 1.950 6,089 3.524 616 2,835 478 3 1.780 -- 3,335 1.472 3,344 11.984 
1959 3.568 9.875 7.277 119 2.095 19 541 1,376 -- 2.206 473 2.119 8.367 
1960 6.363 10.698 7.466 208 3,547 55 244 1,343 -- 1.130 2.665 3,184 6.370 
1961 2.930 8, 5.397 355 3.243 40 710 1,985 -- 1.693 2,046 8,479 14.374 
1962 1.399 - 9.451 16 1.687 238 3.580 9 2,030 3.688 10,031 8.30310 

18 r/ 2.171 31.837 6.740 83 879 232 1,419 3 846 2,918 14,316 1 4 . 2 5 d  
2.598 34.363 6.303 50 6,941 492 332 -- 63 921 --I 8,315 4,468 2,358 

1965 678 7,911 3.075 12 943 Ladder Non-Funct t ont ng 94 423 
1966 

2,45512/ 3,8M1 2/9*28& 
3.064 6.062 4,840 1.025 135 Ladder Non-Functtont ng 148 534 8,649- 1.480- 3.2 

1967 2.667 12.314 4.616 865 232 No Counts -- 531 3.006 2,461 3.292 
1968 2.764 14,042 4.771 38 554 No Counts -- 340 2 27ElO 1.289 2.443,, 
1969 2.879 13.625 2.586 1.996 241 No Counts 15 
1970 10.492 13,405 4.444 3.147 6 7 Dam Removed 34 

719 3 1 2 4  3 . 1 7 a 2 . 7 4  
1.863 -- 9 . 3 6 7 4  2,070 3 . 3 2 q  

1971 10.769 6,619 9,221 47 242 6 96 
1972 3.568 3.641 11,381 2.760 271 -- 586 2,640 750 3 . 3 2 d  

5 . 0 2 d  1.509 2 . w  

1/ 1930 r e f e r s  t o  counting year 1930-31. etc. I/ Racks not  f tsh- t lght .  Approximately 6.000 add l t lona l  f l s h  esttmated 
?/ A l l  1964 data are preliminary. Benbow Dam and Sweasey Dam counts t o  have passed upstream. 

incomplete because o f  f loods. 8/ Counttng s ta t ton moved upstream from Klamathon Racks t o  I ron  Gate Dam. 
Counttng s ta t ton moved 7 mi les  upst reamfromor tg ina l  locatton. g/ Racks not f t sh - t t gh t  f o r  one meek. 
Incomplete Ftsh and W t l d l i f e  Service wetr counts. In/ This f i gu re  I s  an estimate--station was closed before the end o f  the r u n  
Ooes not  include an esttmated 250 f i s h  that  passed the dam before n/ Ladder out  o f  operation D e c e h r  25 t o  February 1. 
counting started. E/ Includes 369 chlnooks, 201 coho salmon. and 133 steelhead counted w t th  

6J Counting s ta t ton roved back t o  o r tg tna l  locatton near mouth. e l e c t r i c  counter. 



CHAPTER 111. PROBLEMS AND CAUSES 

The Eel ,  Mad, Ma t to l e ,  and Van Duzen R ive r s  and o t h e r  n o r t h  c o a s t a l  
s t reams once had g ra s sy ,  f o r e s t e d  watersheds and deep s t r eam channels  c a r r y i n g  
c l ean ,  coo l  water  t h a t  abounded wi th  f i s h .  Floods, f i r e s ,  and ear thquakes  
sometimes d i s t u r b e d  t h e  q u a l i t y  of t h e s e  s t reams,  b u t  on ly  temporar i ly .  Most 
h e a l t h y  b a s i n s  begin  t o  r ecove r  soon a f t e r  a  n a t u r a l  d i s a s t e r  occurs .  

However, man w i t h  h i s  machines has  t h e  a b i l i t y  t o  make changes i n  
a  s t r eam b a s i n  on a con t inu ing  b a s i s ,  damaging many r i v e r  b a s i n s  f a s t e r  t han  
n a t u r a l  p rocesses  can r e p a i r  them. Beginning w i t h  gold mining i n  t h e  1850s 
and con t inu ing  wi th  sheep graz ing ,  l and  convers ions ,  logging ,  road cons t ruc-  
t i o n ,  and s u b d i v i s i o n  development up t o  t h e  p r e s e n t  day, t h e  c h a r a c t e r  o f ' m o s t  
n o r t h  c o a s t a l  s t reams has  been a l t e r e d  t o  t h e  degree  t h a t  many once e x c e l l e n t  
salmon and s t e e l h e a d  s t reams now o f f e r  on ly  margina l  h a b i t a t '  f o r  t h e s e  f i s h .  

- 

8 
2 ;  Even t o  t h e  c a s u a l  observer  i t  i s  apparent  t h a t  l a r g e  s e c t i o n s  of 
5 { 
m a 

many n o r t h  c o a s t a l  watersheds  have experienced s e v e r e  d i s tu rbances .  While 
% !  t h e  expe r t  t r a i n e d  i n  t h e  d i s c i p l i n e  of watershed management a t t e m p t s  t o  
ul u 
g r  q u a n t i f y  t h e s e  changes through t e c h n i c a l  a n a l y s i s ,  t h e  u n t r a i n e d  obse rve r  is  
2 :: 
U P) 

aware only  t h a t  t h e  changed landscape  he now observes  is ugly ,  and t h a t  i t  
5 5  is  having a d e v a s t a t i n g  e f f e c t  on t h e  s t ream. 

9 Severe ly  damaged c o a s t a l  s t reams a r e  c h a r a c t e r i z e d  by one o r  more 
of t h e  fo l lowing  cond i t i ons :  (1) a  b a r r e n  s t r eams ide ,  denuded o f  overhanging 
vege ta t ion ,  a  c o n d i t i o n  which dec reases  food and cover  f o r  f i s h  and i n c r e a s e s  
maximum water  tempera tures ;  (2 )  h igh  summer water  t empera tu re s ,  which a r e  
harmful t o  anadromous f i s h l i f e ;  (3 )  high  win te r t ime  t u r b i d i t y ,  r e s u l t i n g  i n  
cemented g rave l s  u n s u i t a b l e  f o r  spawning, smothered eggs ,  g i l l  darage t o  f i s h ,  
low food product ion,  and low f i s h a b i l i t y ;  (4) channels  choked wi th  o rgan ic  
s l a s h  and d e b r i s ,  which b lock  f i s h  runs  and reduce  t h e  d i s s o l v e d  oxygen con- 
t e n t  of t h e  water ;  and (5) channels  choked w i t h  sediment  and s l i d e  d e b r i s  
so  t h a t  pools  a r e  f i l l e d  and t h e  channel  c r o s s  s e c t i o n  i s  f l a t  and shal low.  

Natura l  F a c t o r s  Con t r ibu t ing  t o  Watershed and Stream Damage 

River  b a s i n s  i n  t h e i r  n a t u r a l  s t a t e  a r e  dynamic systems which a r e  
c o n t i n u a l l y  changing, y e t  t end ing  toward s t a b i l i t y .  For  example, a l though 
the  average s i z e  of a  s t r eam channel  is  determined by t h e  amount of p r e c i p i -  
t a t i o n  f a l l i n g  i n  t h e  c o n t r i b u t i n g  b a s i n  over  a  l ong  pe r iod  of t ime,  i t  can 
be changed s i g n i f i c a n t l y  i n  response t o  a  s i n g l e  f lood .  However, a f t e r  a  
per iod  of normal y e a r s  t h e  channel  w i l l  s lowly  r e v e r t  t o  i t s  o r i g i n a l  wid th  
and s lope .  Na tu ra l  occurrences  such a s  f l oods ,  f i r e s ,  and ear thquakes  have 
always been a  p a r t  of t h e  f o r c e s  which tend t o  t empora r i l y  d i s r u p t  t h e  ba l ance  
of r i v e r  systems. Floods a l t e r  channel  a l ignment ,  b r i n g  l a r g e  q u a n t i t i e s  of 
s i l t  i n t o  t h e  r i v e r ,  and d e s t r o y  r i p a r i a n  vege ta t ion .  F i r e s  remove p r o t e c t i v e  
v e g e t a t i o n  and cause  t h e  s o i l  t o  become s u b j e c t  t o  e r o s i o n  and l e s s  a b l e  t o  
r e t a r d  runof f .  Earthquakes o f t e n  t r i g g e r  s l i d e s  which c o n t r i b u t e  t o  sediment 
i n  t h e  r i v e r .  



Seve ra l  f a c t o r s  combine t o  make t h e  n o r t h  c o a s t a l  l andscape  suscep- 
t i b l e  t o  h igh  e r o s i o n  r a t e s .  Uns tab le  g e o l o g i c  c o n d i t i o n s  and s t e e p  s l o p e s  
are t h e  pr imary problems. About 80 p e r c e n t  of t h e  founda t ion  rocks  o c c u r r i n g  
i n  t h e  E e l  and Mad River  Basins  a r e  c l a s s e d  g e o l o g i c a l l y  a s  F ranc i scan  
Formation. Th i s  rock type  is h i g h l y  u n s t a b l e  due t o  t h e  l a r g e  number of  
s h e a r  zones and f a u l t s  o c c u r r i n g  i n  i t .  Th i s  ex t remely  weathered format ion  
a l s o  c o n t a i n s  l a r g e  amounts of weak s h a l e .  When t h e  F ranc i scan  Formation 
occurs  i n  s t e e p  mountainous t e r r a i n ,  s l i g h t  s u r f a c e  d i s t u r b a n c e s  can o f t e n  
t r i g g e r  l a r g e - s c a l e  s l i d i n g ,  c r eep ,  and g u l l y i n g .  

Another s i g n i f i c a n t  c o n t r i b u t i n g  f a c t o r  t o  sediment  p roduc t ion  i s  
t h e  h igh  amount of  i n t e n s e  r a i n f a l l  exper ienced  i n  t h e  North Coast.  R a i n f a l l  
a t  Honeydew on t h e  Piat tole  River ,  f o r  example, ave rages  111 inches  p e r  yea r ,  
and i n t e n s e  s torms can produce a s  much a s  1 3  inches  i n  24 hours .  Such heavy 
r a i n f a l l  e x e r t s  a  tremendous e rod ing  f o r c e  on ba re  s o i l s  and weak geo log ic  
format ions .  Sa tu ra t ed  s o i l  c o n d i t i o n s  a r e  u s u a l l y  a  c o n t r i b u t i n g  f a c t o r  
involved  i n  s l i d i n g  of t h e  s o i l  mantle  and unde r ly ing  formations.  

A moderate l e v e l  of sediment  p roduc t ion  i s  d e s i r a b l e  i n  n o r t h  
c o a s t a l  s t reams.  A cont inuous  supply of rock  and g r a v e l  is  neces sa ry  t o  
main ta in  proper  streambed composi t ion f o r  f i s h  spawning and food product ion .  
A c e r t a i n  amount of sand and f i n e  m a t e r i a l  i s  needed f o r  t h e  n a t u r a l  cons t ruc-  
t i o n  of  a g r i c u l t u r a l l y  important  t e r r a c e s  bo rde r ing  t h e  s t r eam and f o r  rep len-  
ishment of beach sand. Most s t reams n a t u r a l l y  produce enough sediment  f o r  
t h e s e  purposes and i t  is  only when excessiGe amounts a r e  produced t h a t  a  
s t ream shows s i g n s  of poor h e a l t h  due t o  s i l t a t i o n .  Excess sediment produc- 
t i o n ,  which i s  o f t e n  due t o  poor l and  u s e  p r a c t i c e s ,  a d v e r s e l y  a f f e c t s  a  
s t ream system i n  t h e  fo l lowing  ways: 

1. The s t ream channel  bottom is  r a i s e d  and poo l s  a r e  f i l l e d  i n ,  
thereby  d e s t r o y i n g  f i s h  h a b i t a t  and reducing  t h e  s t r eam ' s  
c a r r y i n g  capac i ty .  

2. Stream g r a v e l s  a r e  cemented t o g e t h e r  wi th  f i n e  m a t e r i a l s ,  
t he reby  d e s t r o y i n g  f i s h  spawning a r e a s  and food producing 
s t r eam bottom organisms. 

3.  Excess ive ly  t u r b i d  water  k i l l s  f i s h  by smothering them i n  
t h e  egg s t a g e  o r  impai r ing  t h e  f u n c t i o n  of t h e i r  g i l l s  
a f t e r  ha tch ing .  

4. Muddy water  c o n d i t i o n s  dec rease  t h e  beauty and impai r  t h e  
f i s h a b i l i t y  of a s t ream,  thereby  reducing  r e c r e a t i o n  uses .  

Low summer f lows i n  most P a c i f i c  Coast s t reams i s  ano the r  n a t u r a l  
problem. I n  t h e  c o a s t a l  b a s i n s  snowfa l l  i s  l i m i t e d  t o  t h e  h i g h e r  e l e v a t i o n  
headwater a r e a s  and does no t  app rec i ab ly  dampen t h e  peak runoff  from s torms 
o r  supplement t h e  low flow dur ing  l a t e  summer and e a r l y  f a l l  when a lmost  no 
p r e c i p i t a t i o n  occurs .  A s  a r e s u l t  most n o r t h  c o a s t a l  s t r eams  drop t o  a  very  
low s t a g e  from June through October.  The low f lows recorded  nea r  t h e  mouths 
of Redwood Creek, t h e  Ma t to l e  River ,  and t h e  Navarro River ,  a l l  s t r eams  w i t h  
dra inage  a r e a s  of around 300 squa re  mi l e s ,  a r e  6, 20, and 6 c u b i c  f e e t  p e r  , 



second, r e s p e c t i v e l y .  Flows of t h i s  magnitude do n o t  p rov ide  s u i t a b l e  h a b i t a t  
- t o  suppor t  optimum numbers of j u v e n i l e  anadromous f i s h .  A s  a  r e s u l t  many 
1 salmonids d i e  due t o  overcrowding, l a c k  of food, d i s e a s e ,  and h igh  tempera- 

t u r e s ,  a l l  o f  which a r e  r e l a t e d  t o  t h e  l a c k  of adequate  s t reamflows.  

Low summer f low i s  a l s o  a  s i g n i f i c a n t  f a c t o r  i n  producing h i g h  
water temperatures .  A s  a s t r e t c h  of c o o l  f lowing wa te r  is  exposed t o  d i r e c t  

A 

s u n l i g h t , t h e  r a t e  of h e a t  ga in  i s  d i r e c t l y  p r o p o r t i o n a l  t o  t h e  exposed s u r f a c e  
area and i n v e r s e l y  p r o p o r t i o n a l  t o  t h e  r a t e  of flow. A s  more wa te r  f lows  i n  
a s tream, t h e  e f f e c t  is  an  i n c r e a s e  i n  t h e  s t r eam d i s t a n c e  r e q u i r e d  t o  r a i s e  
t h e  wa te r  temperature a  g iven  amount. A s  s t reamflow drops  d u r i n g  t h e  summer, 
it is hea t ed  t o  maximum ambient tempera ture  i n  a  s h o r t e r  stream d i s t a n c e  than  
a t  h i g h e r  flows. 

Young s i l v e r  salmon and s t e e l h e a d  must s u r v i v e  i n  c o a s t a l  s t r eams  
du r ing  low flow pe r iods  because they  do n o t  mig ra t e  t o  sea u n t i l  t h e  fo l lowing  
year .  King salmon migra te  o u t  du r ing  t h e  s p r i n g  and t h e r e f o r e  a r e  n o t  sub- 
j e c t e d  t o  t h e  e f f e c t s  of low summer f lows.  - 

A c t i v i t i e s  of Man Adversely A f f e c t i n g  F i s h l i f e  

When t h e  e f f e c t s  o f ' s t r e a m  c o n d i t i o n s  on f i s h l i f e  are d i scussed ,  
i t  is  important  t o  recognize  t h a t  a  d i r e c t  c o r r e l a t i o n  e x i s t s  between t h e  con- 
d i t i o n  of t h e  watershed and t h e  h e a l t h  of  t h e  s t r eam system. J u s t  a s  a n  ill- 
n e s s  which d i r e c t l y  a t t a c k s  one p a r t  of t h e  body a c t u a l l y  impa i r s  t h e  f u n c t i o n  
of t h e  e n t i r e  person,  s o  deg rada t ion  of one p o r t i o n  of  a  watershed g e n e r a l l y  
a f f e c t s  t h e  whole basin.  

Following is  a b r i e f  d i s c u s s i o n  of man-caused changes i n  watersheds  
of t h e  North Coast which have tended t o  adve r se ly  a f f e c t  f i s h l i f e .  Most of 
t h e s e  f a c t o r s  a r e  no t  i n t r i n s i c a l l y  harmful  bu t  become s o  when t h e  e a s i e s t ,  
q u i c k e s t ,  and cheapes t  methods f o r  t h e i r  accomplishment a r e  used wi thou t  
r ega rd  t o  impact on t h e  land.  

Mining 

Much of t h e  n o r t h  c o a s t a l  a r e a  was s e t t l e d  as a  r e s u l t  of gold 
d is ' cover ies .  Many of t h e  miners  were t r a n s i e n t s  l ook ing  f o r  qu ick  r i c h e s .  
Therefore ,  they o f t e n  tended t o  over look  o r  d i s r e g a r d  damage t o  t h e  l and  
caused by t h e i r  a c t i v i t i e s .  Hydraul ic  mining us ing  huge wa te r  guns e m i t t i n g  
h igh  v e l o c i t y  j e t s  washed t h e  top  s o i l  o f f  many h i l l s  i n t o  t h e  s t reams and 
l a i d  t h e  under ly ing  rock bare .  One example of t h e  r e s u l t s  can  be  seen  on 
t h e  T r i n i t y  River  a t  Oregon Gulch above J u n c t i o n  Ci ty .  Many of t h e  s l o p e s  
i n  t h i s  a r e a  a r e  a c t i v e l y  s l i d i n g  and t h e  gulch is  choked w i t h  sediment .  
I n  a d d i t i o n ,  huge dredgers  washed v a s t  q u a n t i t i e s  of sediment downstream, 
l e a v i n g  unna tu ra l  g rave l  t a i l i n g s  cove r ing  many squa re  m i l e s  a l o n g  t h e  r i v e r .  
Few reco rds  e x i s t  of t h e  e f f e c t  of mining a c t i v i t i e s  on f i s h l i f e ,  b u t  t h e  
g r e a t  changes i t  produced l e a v e  l i t t l e  doubt t h a t  i t  was h e a v i l y  danaging. 



North c o a s t a l  logging, which d a t e s  from t h e  e a r l y  se t t l ement  days 
of around 1850, cont inues  today a s  t h e  backbone of t h e  n o r t h  c o a s t a l  economy. 
I f  improper logging p r a c t i c e s  a r e  fo l lowed, the  r e s u l t  can be d i sas t rous .  
Unfortunately,  t h i s  has been t h e  case  i n  many n o r t h  c o a s t a l  a r e a s  which ex- 
h i b i t  land damages r e s u l t i n g  from logging. I n  1962 t h e  Department of F i sh  
and Game surveyed 27 n o r t h  c o a s t a l  s treams which were damaged by logging t h a t  
year.  Redwood Creek i n  Humboldt County provides  an  extreme example of  a  
watershed damaged by logging.  Redwood Creek d r a i n s  a n  a r e a  of 280 square  
miles, a  s i z e a b l e  p o r t i o n  of which was once covered by v i r g i n  redwood groves. 
Almost t h e  e n t i r e  watershed, with the  except ion  of t h e  p o r t i o n  i n s i d e  t h e  
Redwood Nat ional  Park, has  now been logged. The Department of F i s h  and Game 
i n  a 1966 survey es t imated  t h a t  76 percent  +of t o t a l  s t ream miles  of Redwood 
Creek had been severe ly  damaged and an a d d i t i o n a l  12 percent  had been moder- 
a t e l y  o r  l i g h t l y  damaged. 

Logging damage f a l l s  i n t o  two main c a t e g o r i e s :  (1) phys ica l  des- 
t r u c t i o n  of p o r t i o n s  of the  stream i t s e l f  by heavy equipment c ross ing  and 
opera t ing  i n  t h e  s t ream channel a r e a  o r  by logging roads  loca ted  ad jacen t  
t o  t h e  stream and (2) sedimentat ion of s tream g r a v e l s  r e s u l t i n g  from accel-  
e ra ted  eros ion of s lopes  wi th  removed v e g e t a t i o n  and d i s t u r b e d  t o p s o i l .  I n  
the  worst cases ,  meandering streams,  which once were covered by l u s h  vegeta- 
t i o n ,  contained coo l  water ,  and supported p l e n t i f u l  f i s h l i f e ,  a r e  converted 
i n t o  s t r a i g h t  channels  devoid of surrounding.vegeta t ion ,  wi th  pools  and 
r i f f l e s  f i l l e d  with bark ,  s l a s h ,  and f i n e  sediment. 

It is common logging p r a c t i c e  t o  remove t imber and r i p a r i a n  vegeta- 
t i o n  immediately ad jacen t  t o  a  perennia l  stream. Stream temperature i s  most 
d i r e c t l y  r e l a t e d  t o  t h e  amount of s o l a r  r a d i a t i o n  which i t  rece ives .  The 
degree of s tream shading from overhanging v e g e t a t i o n  i s  t h e r e f o r e  very impor- 
t a n t .  Maximum summertime temperatures of s treams which have had t h i s  vege- 
t a t i o n  removed by logging o r  o t h e r  land use a c t i v i t i e s  w i l l  i n c r e a s e  a s  much 
a s  15  degrees above t h e  prelogging temperatures. Maximum temperatures of 
logged streams i n  Northwestern Ca l i fo rn ia  genera l ly  range between 75' F. and 
8S0 F. Prolonged temperatures above 80° F. a r e  l e t h a l  t o  most salmonids. 
Therefore, i f  they a r e  t o  s u r v i v e  such high temperature cyc les  they must be 
ab le  t o  escape t o  deep pools ,  shaded t r i b u t a r i e s ,  o r  coo l  sp r ings .  

Research on timber harves t  damage shows t h a t  logging can be compat- 
i b l e  wi th  anadromous f i s h  production when adequate a t t e n t i o n  i s  given t o  t h e  
l o c a t i o n  and manner i n  which i t  is  done, Some ways t o  make logging l e s s  
damaging t o  watersheds and s t ream environments inc lude  t h e  fol lowing:  

1. Leaving b u f f e r  s t r i p s  of vegeta t ion  a long streams. 

2, Planning of roads and s k i d s  t r a i l s  f o r  l e a s t  e ros ion.  

3 ,  P l a n t i n g  g r a s s  on e r o d i b l e  s lopes.  

4.  Not al lowing opera t ion  of heavy equipment i n  t h e  s t ream channel.  



5 .  Logging by special methods such as highline, helicopter, or 
ballon in areas of extreme slope and erodibility. 

6. Cleaning up slash which may wash into the streams. 

7. Replanting of cut-over areas. 

8. Constructing properly designed stream crossings that provide 
adequate fish passage. 

Noticeable improvements in logging practices have occurred since 
the mid-1960s when larger timber companies began to respond to increasing 
public awareness and criticism of logging practices. 

Road Construction 

Although the North Coast is a rather remote part of California with 
a low population density, road construction in this area is very extensive. 
Paved roads connect only the main population areas, but dirt logging roads 
provide access to almost all parts of the area. If not properly planned and 
executed, road construction can.cause severe erosion and stream sedimentation. 
Road cut and fill slopes expose large areas of bare, disturbed soil to the 
eroding action of precipitation. Improper road alignment and drainage can 
concentrate high velocity water flow in areas unable to carry such flow, and 
deep gullying of the soil mantle may result. Road cuts in geologically un- 
stable areas can trigger large landslides which eventually make their way 
to the stream. Many private roads are little more than trails cut through 
rugged terrain with a bulldozer. Excess material is merely cast over the 
edge of the road, and little consideration is given to proper slopes or drain- 
age. Governmental agencies responsible for public works are becoming increas- 
ingly aware of the potential for damage to watersheds and stream systems 
through careless road construction and are taking preventive measures to 
reduce these damages. 

Overgrazing'and Land Conversion 

From early settlement days until the present time sheep grazing has 
been an important and widespread use of grassland in the north coastal area. 
Much of this land originally supported timber but has been converted to grass 
by the removal or killing of the timber and the periodic burning of the land. 
Frequently, due to overgrazing, the more desirable grass species have been 
replaced by poorer quality forage which will not support as many animals per 
acre. Overgrazing produces bare spots on grasslands which are subject to 
surface erosion and gullying. Conversion of timberland to grassland seldom 
produces high quality forage. Once the timber is removed, the bare land is 
subjected to a higher rate of erosion. Fires set to limit the growth of brush 
and timber on grazing land also expose the scorched, barren soil to higher 
rates of erosion. 



P o l l u t i o n  

The water  q u a l i t y  of n o r t h  c o a s t a l  s t r e a m s  i s  g e n e r a l l y  e x c e l l e n t ,  
except  f o r  h i g h  t u r b i d i t y  du r ing  w i n t e r  s torms.  Occas iona l ly ,  decaying 
logging  d e b r i s  i n  a  streambed w i l l  lower t h e  d i s s o l v e d  oxygen con ten t  of a  
s h o r t  s t r e t c h  of s t r eam and d i s c o l o r  t h e  w a t e t  C a u s t i c  o r  poisonous m a t e r i a l s  
from logg ing  mills o r  roadway s p i l l s  sometimes f i n d  t h e i r  way i n t o  n o r t h  
c o a s t a l  r i v e r s ,  k i l l i n g  some f i s h .  However, t h e s e  are r e l a t i v e l y  i n f r e q u e n t  
occurrences  which have l i t t l e  o v e r a l l  e f f e c t  on t h e  f i s h e r y  of t h e s e  s t reams.  

Salmon and s t e e l h e a d ,  because of t h e i r  mass mig ra t ions  from t h e  
ocean t o  t h e i r  s t r eam of o r i g i n  d u r i n g  a  s h o r t  t ime span,  a r e  more v u l n e r a b l e  
t o  f i s h i n g  p r e s s u r e  than  s p e c i e s  t h a t  spend t h e i r  e n t i r e  l i f e  c y c l e  e i t h e r  
i n  a  s t r eam o r  t h e  ocean. T h e o r e t i c a l l y ,  i t  would be  p o s s i b l e  t o  c a t c h  a l l  
of t h e  anadromous f i s h  i n  a  s t r eam merely by c o n s t r u c t i n g  a n  impassable  b a r r i e r  
a t  i t s  mouth. Commercial n e t t i n g  of f i s h  a t  t h e  mouths of many r i v e r s  caused 
s e r i o u s  d e c l i n e s  i n  anadromous f i s h  popu la t ions  p r i o r  t o  t h e  e s t ab l i shmen t  of 
s t r i c t  f i s h i n g  r e g u l a t i o n s .  Today, f i s h  and game laws a t t empt  t o  l i m i t  f i s h i n g  
p r e s s u r e  t o  a l e v e l  which can be maintained wi thou t  s e r i o u s l y  d e p r e s s i n g  e x i s t -  
i n g  popu la t ions .  Poaching i s  s t i l l  p r e v a l e n t  i n  a  few i s o l a t e d  a r e a s  bu t  i s  
not  cons idered  t o  be a  s i g n i f i c a n t  f a c t o r  i n  t h e  f i s h  d e c l i n e s  of most n o r t h  
c o a s t a l  r i v e r s .  

One r a t h e r  u n c e r t a i n  f a c t o r  which may g r e a t l y  i n f l u e n c e  f i s h  popula- 
t i o n s  is  t h e  i n t e n s i v e  ocean f i s h i n g  by f o r e i g n  b o a t s  j u s t  o u t s i d e  t h e  12-mile 
t e r r i t o r i a l  l i m i t  of United S t a t e s '  waters ,  Large f o r e i g n  v e s s e l s  capable  of 
h a r v e s t i n g  v a s t  amounts of f i s h  and p roces s ing  them on board s h i p  have begun 
o p e r a t i o n  i n  P a c i f i c  Coast wa te r s  i n  r e c e n t  y e a r s .  Ocean f i shermen groups 
i n  t h i s  count ry  a r e  v e r y  concerned w i t h  t h e  p o t e n t i a l  adve r se  e f f e c t  t h e s e  
f i s h i n g  f l e e t s  may have on P a c i f i c  Ocean f i s h e r y  r e sou rces .  Eowever, r e so lu -  
t i o n  of t h i s  problem must occur  a t  t h e  l e v e l  of i n t e r n a t i o n a l  governments, and 
about a l l  t h a t  county o r  s t a t e  governments can do i s  t r y  t o  document t h e  e f f e c t  
of f o r e i g n  f i s h i n g  on l o c a l  f i s h e r y  r e sou rces  and make o u r  lawmakers aware of 
t h e  problem. 

Many n o r t h  c o a s t a l  s t reams a r e  p r e s e n t l y  l i m i t e d  i n  f i s h  p roduc t ion  
by t h e  l a c k  of adequate  r e a r i n g  a r e a s  f o r  young salmonids.  S u f f i c i e n t  a d u l t  
f i s h  r e t u r n  t o  spawn i n  t h e s e  s t reams and produce adequa te  young t o  f u l l y  
occupy e x i s t i n g  h a b i t a t .  Ove r f i sh ing  is  a p p a r e n t l y  n o t  t h e  c o n t r o l l i n g  problem 
i n  t h e s e  s t reams.  

Types of Land Damages Resu l t i ng  From Na tu ra l  o r  Man-Related Causes 

Many l and  use  a c t i v i t i e s  such a s  mining, logging ,  road c o n s t r u c t i o n ,  
l and  convers ions ,  and g raz ing  have taken  p l a c e  i n  o t h e r  p a r t s  of C a l i f o r n i a  
and t h e  west w i th  l i t t l e  appa ren t  d e s t r u c t i v e  e f f e c t  on t h e  landscape.  How- 
eve r ,  similar a c t i v i t i e s  conducted i n  many a r e a s  of t h e  North Coast t h a t  have 
s t e e p  t e r r a i n  and u n s t a b l e  s o i l s  have caused damages t h a t  w i l l  t a k e  many 
decades t o  r e p a i r .  Some a r e a s  w i l l  probably never  h e a l  completely.  
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The Eel River Basin contains numerous slides and other types of soil 

i movements which give it the dubious distinction of having the highest rate of 

t 
sediment yield known for any basin of comparable size in the United States. 
This sediment rate averages 3.2 acre-feet per square mile per year and is 

i exceeded only by world record holders such as the notorious Yellow River of 
$ China with a rate of 3.8 acre-feet per square mile per year. The Mad and 
f Mattole Rivers are also extremely high sediment producers with rates of 2.1 
1 and 2.7 acre-feet per square mile per year, respectively. 
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be divided into the categories of landslides, streambank erosion, soil creep, 
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and sheet and gully erosion. 
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& ,$ . . Landslides 

The most outstanding type of soil movement in north coastal drain- 
a'ges is the landslide which dumps large volumes of soil and rock into stream 
channels. Landslides alone are estimated to account for 25 percent of the 
total volume of sediment transported by the Eel and Mad Rivers. The area 
covered by a slide can vary from less than 1 acre to as much as 2,000 acres. 

i The very large areas are broad zones consisting of numerous individual slides 
which have encroached upon one another. Individual slides vary in length 
from a few hundred feet to over 3 miles, and most slides have a width to 
length ratio of approximately 1:4. Most landslides occur under saturated 
soil conditions and therefore are more active during wet winter months than 
during the summer. The annual downhill movement of active slides ranges from 
1 to 20 feet. 

Once a slide has started it is extremely difficult to control. 
Certain remedial measures, such as shaping the slide surface or dewatering 
the slide with sidekill drains and ditches, can reduce the movement of small 
slides, but these methods become prohibitively expensive and ineffective on 
larger slides. Many slides occur naturally due to heavy rains, floods, fires, 
or earthquakes, but the total number of slides have increased greatly in the 
last century due to the activities of man. 

Streambank Erosion 

Streambank erosion is the largest single source of sediment produc- 
tion in most coastal river systems. During periods of high flow, rivers 
exert tremendous forces on the confining banks, especially on the outside of 
curved sections. Almost all types of riverbank material will gradually wear 
away under this erosive force, but some banks will erode very rapidly if 
vegetation has been removed or if the bank material consists of loose earth 
and rock that has been deposited at the edge of the stream by downhill slope 
movement. Although streambank erosion is a natural phenomenon which occurs 
in all streams to some degree, it is a process which has been accelerated 
by man's activities. Logging debris carried by high velocity flows gouges 
material from streambanks and uproots streambank vegetation. Man-caused 
slides and other soil movements near stream channels provide a continuous 
supply of loose, easily erodible material at the river level which is carried 
away by high flows. 



S o i l  Creep, Sheet  and Gully Eros ion  

S o i l  c r eep  i s  a n o t  t oo  thoroughly unders tood  form of s o i l  mantle  
movement which i s  widespread i n  n o r t h  c o a s t a l  b a s i n s .  Th i s  slow movement is 
no t  very  obvious t o  t h e  u n t r a i n e d  eye and i s  d i f f i c u l t  t o  d e l i n e a t e  on photo- 
graphs. It is  c h a r a c t e r i z e d  by a  l i g h t l y  r o l l i n g  o r  u n d u l a t i n g  s l o p e  which 
appears  a s  a series of  waves on a n  o the rwi se  uniform s lope .  S o i l  c r e e p  is  
common i n  a r e a s  of h igh  r a i n f a l l  where v e g e t a t i o n  h a s  been removed. Roads 
cons t ruc t ed  i n  s o i l  c r e e p  a r e a s  a r e  extremely d i f f i c u l t  t o  main ta in .  

I 

Sheet  e r o s i o n  i s  caused by p r e c i p i t a t i o n  immediately a f t e r  i t  f a l l s  
and be fo re  i t  e n t e r s  a  de f ined  channel .  During t h i s  u s u a l l y  b r i e f  i n t e r v a l ,  
runoff  f lows a s  a  t h i n ,  f a i r l y  uniform s h e e t .  I f  s h e e t  flow occur s  ove r  
hea l thy  g ra s s l and  o r  a  f o r e s t  p r o t e c t e d  by a mat of  o r g a n i c  d e b r i s  such  a s  
p ine  needles  o r  l e a v e s ,  l i t t l e  sediment i s  c a r r i e d  w i t h  i t .  However, i f  
r a ind rops  f a l l  and s h e e t  flow occur s  on b a r e ,  l o o s e  s o i l ,  a  g r e a t  d e a l  of 
e r o s i o n  is  l i k e l y  t o  occur .  Heavy s h e e t  e r o s i o n  u s u a l l y  deve lops  s m a l l  
r i l ls  which c o n c e n t r a t e  t h e  moving water  and f i n a l l y  r e s u l t s  i n  gu l ly ing .  

Gully e r o s i o n  appea r s  q u i t e  f r e q u e n t l y  i n  s t e e p  a r e a s  conver ted  I 
from timber t o  g ra s s l and .  The r e s u l t  is  a  s e r i e s  of l ong ,  narrow g u l l i e s .  
Gullying begins  when t h e  v e g e t a t i o n  is  d i s t u r b e d  and s o i l  i s  l a i d  b a r e  t o  1 
t h e  e r o s i v e  e f f e c t s  of  r a i n f a l l .  Once small r i v u l e t s  a r e  e s t a b l i s h e d  i n  
t h e  d i s t u r b e d  s o i l ,  t h e  d ra inage  p a t t e r n  i s  changed and s to rm runoff  i s  con- 
c e n t r a t e d  i n  t h e s e  s m a l l  channe l s ,  thus  f u r t h e r  e n l a r g i n g  them. G u l l i e s  
even tua l ly  r each  an  e q u i l i b r i u m  c o n d i t i o n  where they  can  c a r r y  t h e  d ra inage  
flows concen t r a t ed  i n  them wi thou t  f u r t h e r  e r o s i o n ,  b u t  t h i s  u s u a l l y  o c c u r s  
only  a f t e r  s e v e r a l  y e a r s  of en l a rg ing .  



CHAPTER IV. POSSIBLE SOLUTIONS 

Anadromous fish populations in the north coastal area have declined 
significantly in recent years. Much of the blame stems from man's improved 
ability to alter the natural environment with heavy equipment. However, this 
same technological ability also provides several possibilities for increasing 
fish runs, If whole forests can be removed in a summer and long sections of 
freeway completed in a couple of years, watersheds can be restored and facil- 
ities for fish propagation can be constructed to help reverse the trend of 
declining fish numbers. The development of most fishery enhancement techniques 
is at an early stage and considerably more experience is required with them 
before their full potential can be determined. Some past successes have been 
achieved by construction of fish hatcheries, artificial spawning channels, 
rearing ponds, and stream improvement devices. 

Another enhancement possibility which has not been tried except in 
conjunction with other water project purposes, is summer streamflow augmenta- 
tion to provide better living conditions for juvenile fish. Streamflow 
augmentation could be accomplished by (1) diverting water from another stream, 
(2) development of ground water wells, or (3) releases from an upstream res- 
ervoir. Since the natural summer flow of essentially all north coastal streams 
is quite small, little opportunity exists for direct diversion from another 
stream. Also, sufficient quantities of ground water in the headwaters of 
north coastal streams are not available. Therefore, the only practical possi- 
bility of providing streamflow augmentation in the north coastal area is by 
releases from a headwater reservoir. The following paragraphs discuss each 
of the above alternative fishery enhancement techniques in more detail. 

Hatcheries 

Pacific Coast salmon and steelhead enhancement technology began 
in 1872 with the construction of Baird Hatchery on the McCloud River. In 
the 100 intervening years, 28 more hatcheries were built in California to 
produce salmon and steelhead. Six of the 14 hatcheries still in use are 
primarily catchable-trout operations. Six are mitigation facilities for 
water projects. One is an egg-collecting station that occasionally also 
raises small numbers of fish. The Mad River Hatchery near Arcata, constructed 
in 1971, is the only facility devoted to the enhancement of salmon and steel- 
head. On the entire Pacific Coast, about 85 hatcheries supplement natural 
reproduction of salmon and steelhead. 

Fish hatcheries have the longest and most successful history of 
any fishery enhancement technique. Some hatcheries have produced very high 
returns, while others have been unsuccessful. Cedar Creek Hatchery, on the 
South Fork Eel River, is a clear-cut example of hatchery enhancement potential. 
During 9 years of operation, five experimental lots of yearling fish were 
planted in the South Fork Eel River. Returns from these plants contributed 
10.8 percent of the steelhead run over Benbow Dam in 1958, 10.4 percent in 
1959, and 5.9 percent in 1960. They also contributed 62 percent of the silver 



salmon r u n  over  Benbow Dam i n  1961. Cedar Creek Hatchery was des t royed  by 
f loodwaters  i n  1964. Coleman Hatchery on B a t t l e  Creek, a t r i b u t a r y  of t h e  
Sacramento River ,  has  been c r e d i t e d  w i t h  producing  1 5  a d u l t  s t e e l h e a d  f o r  
every  f i s h  spawned (R. J. Hallock,  1961),  whereas t h e  escapement r a t i o  under 
n a t u r a l  spawning i s  presumed t o  be about  1:l. S tee lhead  r u n s  i n  t h e  American 
River  have inc reased  s i g n i f i c a n t l y  s i n c e  1962 when most o p e r a t i o n a l  problems 
of Nimbus Hatchery below Folsom Lake were so lved .  

The T r i n i t y  River  Hatchery, which was c o n s t r u c t e d  i n  1963 t o  m i t i -  
g a t e  l o s t  spawning and r e a r i n g  a r e a s  above T r i n i t y  Dam has  n o t  produced a s  
w e l l  a s  expected. The main problem has  been i t s  i n a b i l i t y  t o  ma in t a in  pre- 
p r o j e c t  runs  of  s t e e l h e a d .  Although k ing  and s i l v e r  salmon runs  a t  Lewiston 
i n  r e c e n t  y e a r s  have equaled  o r  exceeded p r e p r o j e c t  r u n s ,  s t e e l h e a d  r e t u r n s  
have dec l ined  from a n  average  of around 3,000 f i s h  p r i o r  t o  complet ion of t h e  
T r i n i t y  P r o j e c t  t o  a n  ave rage  of less than  300 f o r  t h e  l a s t  4 y e a r s  ( s e e  
F igu re  1 and Table  2) .  It i s  a n t i c i p a t e d  t h a t  r e c e n t l y  completed c o r r e c t i v e  
measures such a s  b e t t e r  food,  .hea ted  i n c u b a t o r s ,  and d i s e a s e  c o n t r o l s ,  a l o n g  
wi th  a d d i t i o n a l  measures now under s tudy ,  w i l l  u l t i m a t e l y  prove s u c c e s s f u l  
i n  i n c r e a s i n g  s t e e l h e a d  r e t u r n s .  P a s t  expe r i ence  h a s  shown t h a t  most hat-  
c h e r i e s  must undergo an  extended shakedown p e r i o d  of t r i a l  and e r r o r  o p e r a t i o n  
be fo re  they  become h i g h l y  p roduc t ive .  The T r i n i t y  Hatchery w i l l  p robably  
fo l low t h i s  t r end .  

A r t i f i c i a l  Spawninp Channels and Incuba t ion  Channels 

A r t i f i c i a l  spawning channels  are man-made water cour ses ,  u s u a l l y  
p a r a l l e l i n g  a  n a t u r a l  s t ream,  designed s p e c i f i c a l l y  t o  p rov ide  spawning 
h a b i t a t  f o r  f i s h .  Although they  do n o t  provide  holdover  c a p a b i l i t y  f o r  
j u v e n i l e  s t e e l h e a d  o r  s i l v e r  salmon, t h e i r  p o t e n t i a l  f o r  enhancing k ing  
salmon i s  cons idered  q u i t e  good i n  a r e a s  where t h e  l a c k  of  spawning g r a v e l  
i s  t h e  l i m i t i n g  f a c t o r .  

Spawning channels ,  which a r e  newer and l e s s  t e s t e d  than  f i s h  hat-  
c h e r i e s ,  a r e  p r e s e n t l y  be ing  eva lua t ed  on t h e  Fea the r ,  Piokelumne, Merced, and 
Sacramento Rivers  i n  C a l i f o r n i a .  The l a r g e s t  of t h e s e  f a c i l i t i e s  i s  t h e  
Bureau of ~ e c l a m a t i o n ' s  $20 m i l l i o n  spawning channel  on t h e  Sacramento River  
a t  Red B lu f f ,  which was completed i n  1971 as p a r t  of t h e  Tehama-Colusa Canal 
P r o j e c t .  About 5,000 of t h e  130,000 a d u l t  k i n g  salmon appea r ing  a t  t h e  Red 
Bluff Diversion Dam were used t o  produce t h e  i n i t i a l  brood s tock .  The progeny 
from t h e s e  f i s h ,  which t o t a l e d  one and one-half m i l l i o n  f i n g e r l i n g s ,  were 
r e l e a s e d  dur ing  t h e  i n i t i a l  y e a r  of ope ra t ion .  The spawning channel  i s  

.expec ted  t o  r each  i t s  u l t i m a t e  c a p a c i t y  of 40,000 spawning a d u l t s  a n n u a l l y  
by 1982. P re sen t  d a t a  a r e  i n s u f f i c i e n t  t o  p r o p e r l y  compare t h e  s u c c e s s  of 
t h i s  method of enhancement w i t h  f i s h  h a t c h e r i e s ,  bu t  cont inued  o p e r a t i o n  of 
e x i s t i n g  f a c i l i t i e s  should p rov ide  t h i s  knowledge i n  t h e  f u t u r e .  

Incubat ion  channels  a r e  designed t o  i n c u b a t e  anadromous f i s h  eggs 
t h a t  a r e  a r t i f i c i a l l y  taken  and p laced  i n  t h e  channel  g r a v e l s .  Few s i t u a t i o n s  
a r i s e  where water  q u a l i t y ,  q u a n t i t y ,  and spawning g r a v e l  a r e  s u i t a b l e  and 
no t  a l r e a d y  u t i l i z e d  by adequa te  numbers of  f r e e  f i s h .  I n  Washington and 
Oregon t h e r e  have been s u c c e s s f u l  developments i n  a p p l y i n g  t h e  p r i n c i p l e  



of incubat ion  channels t o  hatchery techniques.  There a r e  some t h e o r e t i c a l  
advantages i n  t h e  use of incubation channels.  Opera t ional  c o s t s  should be 
r e l a t i v e l y  low because spawning and egg depos i t ion  a r e  short- term l a b o r  
requirements, and g rave l  c leaning requirements a r e  minor. 

Both a r t i f i c i a l  spawning channels and incubat ion  channels r e q u i r e  
adequate flows of high q u a l i t y  water.  The l a c k  of ground water i n  t h e  n o r t h  
c o a s t a l  a r e a  and t h e  l a c k  of adequate n a t u r a l  f lows of co ld  water i n  most 
c o a s t a l  s treams would severe ly  l i m i t  p o t e n t i a l  si tes f o r  t h e s e  channels  except  
i n  conjunction with a r e s e r v o i r  p r o j e c t .  

Rearing Ponds 

Rearing ponds a r e  small a r t i f i c i a l  pools  wi th  c i r c u l a t i n g  water  
where young f i s h  a r e  f ed  and p ro tec ted  u n t i l  they a r e  ready t o  migra te  t o  
sea .  Rearing ponds a r e  probably t h e  l e a s t  expensive method of r a i s i n g  salmo- 
i d s  t o  smolt s i z e .  

The l i t e r a t u r e  on r e a r i n g  ponds i s  dominated wi th  r e p o r t s  of 
incomplete r e s u l t s  and abandoned experiments. The ponds t e s t e d  have d i f f e r e d  
from one another  i n  almost every imaginable way. An o v e r a l l  comparison of 
r e a r i n g  ponds wi th  o t h e r  enhancement techniques i s  not  poss ib le  a t  t h i s  time. 

Rearing ponds o f f e r  a  s i g n i f i c a n t  p o t e n t i a l  f o r  inc reas ing  pro- 
duction of s i l v e r  salmon and s t ee lhead  a t  reasonable  c o s t s ,  provided volun- 
t e e r s  can be found t o  opera te  and maintain them. Otherwise, t h e i r  c o s t s  
approach t h a t  of a  hatchery. Also, f o r  r e a r i n g  ponds t o  be success fu l ,  a 
source of f i s h  f o r  r e a r i n g  must b e  found. P o s s i b l e  sources  inc lude  excess 
hatchery f i s h  o r  f i s h  rescued from drying streams. Rearing ponds a r e  pres-  
e n t l y  being t e s t e d  i n  s e v e r a l  a r e a s  along the  P a c i f i c  Coast. The Humboldt 
Fish  Action Council, an o rgan iza t ion  of l o c a l  c i v i c ,  commercial, and con- 
s e r v a t i o n  organiza t ions  i n  Humboldt County, is opera t ing  two r e a r i n g  ponds 
on Cochran Creek near  Humboldt Bay. I n  1972 and 1973, t h e  IIumboldt Bay 
Municipal Water D i s t r i c t  cons t ructed  r e a r i n g  ponds on t h e  Ifad River. The 
ponds were washed out  by f a l l  s torms,  a s  planned, s o  t h a t  t h e  f i s h  would 
have access t o  the  ocean. The P a c i f i c  Lumber Company a t  S c o t i a  cons t ructed  
a r e a r i n g  pond on the  Eel River i n  1972. Humboldt S t a t e  Univers i ty  i s  experi- 
menting wi th  r e a r i n g  ponds using e f f l u e n t  from a sewage ox ida t ion  pond i n  
Humboldt Bay. The Department of F i s h  and Game opera tes  Bogus Creek s t ee lhead  
r e a r i n g  pond i n  Siskiyou County. F i sh  and Game a l s o  adv i ses  Mendocino County 
i n  the  opera t ion  of t h e  Talmadge s t ee lhead  ponds and opera tes  a  pond on t h e  
Mendocino Coast, near  Point  Arena, 

A l l  of these  ponds have been i n  opera t ion  f o r  o r e l a t i v e l y  s h o r t  
period of time and the  r e s u l t s  of t h e i r  ope ra t ion  w i l l  no t  be  known f o r  
s e v e r a l  nore years ,  Encouraging f i s h  r e t u r n s  have been experienced on some 
ponds const ructed  i n  Washington and Oregon and t h e r e  i s  a s t rong  p r o b a b i l i t y  
t h a t  r e a r i n g  ponds i n  Ca l i fo rn ia  w i l l  prove s u c c e s s f u l  i n  t h e  fu tu re .  



Stream Improvement and Ins t r eam Devices 

Stream improvement through removal of l o g  d e b r i s  dams and n a t u r a l  
b a r r i e r s  which b lock  anadromous f i s h  from t h e i r  spawning and  r e a r i n g  areas 
has  been p r a c t i c e d  f o r  many y e a r s  a long  t h e  P a c i f i c  Coast .  Such b a r r i e r  
removal i s  cons idered  good management p r a c t i c e  a l t h o u g h  no e s t i m a t e s  are 
a v a i l a b l e  a s  t o  t h e  degree  o f  f i s h e r y  enhancement produced th rough  t h e  u s e  
of  t h i s  technique.  

A r t i f i c i a l  f i s h  s h e l t e r s  and i n s t r e a m  d e v i c e s  c o n s i s t i n g  of s m a l l  
dams, l o g  d e f l e c t o r s ,  and gabions  t o  form pools  and r i f f l e s  have been t r i e d  
on a  l a r g e  s c a l e  i n  Michigan and Wisconsin w i t h  v a r y i n g  d e g r e e s  o f  succes s .  
Gabions a r e  w i re  mesh b a s k e t s  f i l l e d  w i t h  rocks  and wired  t o g e t h e r  t o  form 
s t r u c t u r e s  such as d e f l e c t o r s ,  g r o i n s ,  and w e i r s -  I n s t r e a m  d e v i c e s  on 
P a c i f i c  s l o p e  s t reams a r e  g e n e r a l l y  cons ide red  i m p r a c t i c a l  because  of  t h e  
extreme f low v a r i a b i l i t y  of t h e s e  s t reams and t h e  h i g h  q u a n t i t i e s  of s ed i -  
ment t r a n s p o r t e d .  

Seve ra l  small C a l i f o r n i a  programs i n v o l v i n g  i n s t r e a m  d e v i c e s  have 
had d i scourag ing  r e s u l t s .  For  example, f i v e  of  s even  d e v i c e s  p l a c e d  i n  t h e  
South Fork Mokelumne River  i n  1963 were des t royed  by t h e  1964 f l o o d .  P r o j e c t s  
i n  o t h e r  C a l i f o r n i a  s t reams have become i n o p e r a t i v e  due t o  heavy s i l t i n g  o r  
have f a i l e d  t o  produce expected b e n e f i t s .  There a r e  no i n s t a n c e s  of  reason- 
a b l e  succes s  w i t h  in s t r eam d e v i c e s  i n  C a l i f o r n i a  t o  Counterba lance  t h e  
f a i l u r e s .  

Watershed R e s t o r a t i o n  and bianagement 

It  is a n  unpleasant  expe r i ence  t o  obse rve  a  s t r eam b a s i n  which 
b e a r s  t h e  s c a r s  of  c a r e l e s s  l a n d  use  p r a c t i c e s ,  e s p e c i a l l y  i f  t h e  obse rve r  
has  known t h e  b a s i n  when i t  w a s  i n  a  r e l a t i v e l y  und i s tu rbed  c o n d i t i o n .  The 
n a t u r a l  q u e s t i o n  of what can be  done t o  h e a l  t h e  b a s i n  and s t o p  such  damage 
from o c c u r r i n g  i n  t h e  f u t u r e  arises i n  t h e  minds of many obse rve r s .  Water- 
shed r e s t o r a t i o n  and management is  one p o s s i b l e  answer.  

Watershed r e s t o r a t i o n  invo lves  such a c t i v i t i e s  a s  r e p l a n t i n g  of  
trees on b a r r e n  s l o p e s ,  removal of d e b r i s  from t h e  s t r e a m  channel ,  and 
t a k i n g  c o r r e c t i v e  s t e p s  t o  s low t h e  rate of sediment p roduc t ion  from h i g h l y  
e r o s i v e  a r e a s .  Watershed management is  accomplished through t h e  e s t a b l i s h -  
ment and enforcement of laws and  r e g u l a t i o n s  f o r  c o n t r o l  of a c t i v i t i e s  which 
have t h e  p o t e n t i a l  of s e r i o u s l y  damaging t h e  watershed.  Logging r e g u l a t i o n s  
a r e  a  form of watershed management. 

T h e o r e t i c a l l y ,  watershed  r e s t o r a t i o n  and management is  probably  
t h e  soundes t  and most n a t u r a l  v e h i c l e  f o r  f i s h e r y  enhancement. However, i t  
i s  a l s o  t h e  most c o s t l y ,  t h e  most l e g a l l y  d i f f i c u l t  t o  accomplish,  and 
r e q u i r e s  t h e  g r e a t e s t  t i m e  t o  o b t a i n  r e s u l t s .  The U. S. Department of 
A g r i c u l t u r e ,  w i t h  major i n p u t  from t h e  S o i l  Conservat ion S e r v i c e ,  h a s  eva l -  
uated sediment problems i n  n o r t h  c o a s t a l  r i v e r  b a s i n s  and has  sugges t ed  a  
program t o  reduce  e ros ion .  The recommended program of  both  land  t r e a t m e n t  
and s t r u c t u r a l  r e h a b i l i t a t i o n  measures f o r  t h e  e n t i r e  n o r t h  c o a s t a l  a r e a  



would require a capital cost of $160 million and an annual cost of $6 million. 
Full implementation of the program would take 20 years and would ultimately 
result in only a 25 percent reduction in the total annual sediment yield. 
The likelihood of implementation of such a program is small. 

If given enough time and respife from future harmful land use 
activities, most moderate or lightly damaged north coastal streams will heal 
themselves naturally. Even heavily damaged streams will make substantial 
recoveries although scars will remain. The riparian vegetation will even- 
tually return along the stream, sediment loads will be reduced, stream chan- 
nels will deepen, pools will be reformed, and gravel6 will be loosened and 
cleaned. If desirable fish habitat returns, the fishery will respond and 
fill this .habitat to capacity. Perhaps in the long run this may be the most 
desirable form of fishery enhancement, but it will require a lot of time, 
possibly half a century, and will require legislative land use controls which 
may be unpopular for economic and philosophic reasons. 

While proper watershed management is essential to improving fish 
runs on all north coastal streams, the only extent to which it can be 
addressed in this report is with words of encouragement and support. Perhaps 
a concerned and informed public can do more to implement it. 

Recent Legislative Action Related to Watershed Management 

Recent legislative action has laid the foundation for certain 
watershed management controls which could improve conditions for fishlife 
in future years. The Porter-Cologne Water Quality Control Act of 1970, 
and requirements of the Federal Environmental Protection Agency, call for 
preparation of a long-range plan for water quality management. These water 
quality control plans for all areas of the State are now being prepared by 
the State and Regional Water Quality Control Boards. The Regional Water 
Quality Control Board, North Coast Region, administers all coastal basins 
from the Russian River to the California-Oregon Border. The water quality 
control plan will include recommendations relating to logging, road con- 
struction, and other activities in the north coastal area which affect water 
quality. This plan is expected to be completed in January 1974. 

The  berg Forest Practice Act of 1973 created a new State Board 
of Forestry which will be responsible within the framework of the Act for 
regulating future logging activities for the best interests of the public. 
The major emphasis in the Act is placed upon insuring the economic well- 
being of the community while protecting the regional environment, both 
present and future. What positive impact this legislative action will have 
on fishlife in the north coastal area remains to be seen, but expectations 
are high that environmental abuses will be greatly reduced through this law. 



Streamflow Augmentation 

There i s  i n c r e a s i n g  ev idence  t h a t  t h e  number of s t e e l h e a d  and 
s i l v e r  salmon i n  many n o r t h  c o a s t a l  s t reams a r e  l i m i t e d  n o t  by t h e  amount 
of a v a i l a b l e  spawning g r a v e l s ,  b u t  by t h e  q u a l i t y  and q u a n t i t y  of  t h e  
nu r se ry  h a b i t a t .  

The s t reamflow p a t t e r n  i n  most n o r t h  c o a s t a l  s t r eams  c l o s e l y  fo l lows  
t h e  p a t t e r n  of p r e c i p i t a t i o n .  Th i s  r e s u l t s  i n  more t h a n  97 p e r c e n t  of t h e  
annua l  runoff o c c u r r i n g  i n  t h e  pe r iod  between October and May. During t h e  
w i n t e r ,  i n t e n s e  s torms  f r e q u e n t l y  s w e l l  many r i v e r s  t o  f l o o d  s t a g e ,  w h i l e  i n  
t h e  l a t e  summer t h e s e  same channe l s  c a r r y  on ly  a  t h i n  r i bbon  of w a r m  water  
a s  shown i n  t h e  photographs on t h e  n e x t  page. I t  is  g e n e r a l l y  acknowledged 
t h a t  t h e  extreme low f lows of  warm wa te r  du r ing  t h e  summer degrade  t h e  f i s h e r y  
h a b i t a t  and s u b j e c t  t h e  f i s h  t o  extreme s t r e s s e s  which r e s u l t  i n  reduced 
s u r v i v a l .  This  i s  e s p e c i a l l y  t r u e  i n  s t reams devoid of f r e q u e n t  deep pools  
and overhanging v e g e t a t i o n  a s  i s  t y p i c a l  of many n o r t h  c o a s t a l  s t reams.  S ince  
c o a s t a l  s i l v e r  salmon and s t e e l h e a d  t r o u t  spend a  y e a r  o r  more i n  f r e s h  wa te r  
b e f o r e  mig ra t ing  t o  t h e  ocean, t hey  a r e  e s p e c i a l l y  v u l n e r a b l e  t o  t h e  low 
summer s t reamflow p a t t e r n .  Augmentation of  summer s t reamflows would i n c r e a s e  
t h e  s u r v i v a l  of j u v e n i l e  salmonids i n  c o a s t a l  s t reams.  

High w i n t e r  s t reamflows could  be  s t o r e d  i n  t h e  headwater  a r e a  of 
a b a s i n  and r e l e a s e d  g r a d u a l l y  throughout  t h e  summer t o  improve c o n d i t i o n s  
f o r  salmonids i n h a b i t i n g  t h e  s t ream. I n s t e a d  of expe r i enc ing  a  s u b s t a n t i a l  
l o s s  of  r e a r i n g  h a b i t a t  d u r i n g  t h e  summer a s  would normally occur ,  t h e  f i s h  
f o r  s e v e r a l  mi l e s  below t h e  dam would r e c e i v e  coo l  wa te r  and t h e  s t r eam ' s  
wet ted  a r e a  would be maintained a t  a  l e v e l  approaching  t h a t  o c c u r r i n g  i n  t h e  
l a t e  sp r ing .  Consequently,  s i n c e  out -migra t ing  salmonid s u r v i v a l  would be  
h i g h e r ,  t h e  r e s u l t i n g  upstream mig ra t ion  of a d u l t s  would a l s o  b e  inc reased .  
There is  evidence f o r  t h e  v a l i d i t y  of t h i s  theory  i n  o t h e r  a r e a s .  For  
example, t h e  y i e l d  of s i l v e r  salmon t o  t h e  commercial f i s h e r y  i n  Puget  Sound 
has been shown t o  be s t r o n g l y  c o r r e l a t e d  t o  summer s t r e a m  runoff  i n  t h e  yea r  
of  s t r eam r e s i d e n c e  f o r  s i l v e r  salmon. S i l v e r  salmon have been r e p o r t e d  t o  
be l e s s  a v a i l a b l e  t o  sportsmen f i s h i n g  Cowichan Bay, B r i t i s h  Columbia, f o r  
y e a r s  which experienced low summer f lows  d u r i n g  j u v e n i l e  s t a g e s  i n  t h e  
Cowichan River ,  Annual s i l v e r  salmon c a t c h e s  i n  Oregon nea r  t h e  S i l e t z  River  
have been c o r r e l a t e d  t o  low s u m e r  f lows  i n  t h a t  r i v e r ,  and low coun t s  of  
s i l v e r  salmon smol ts  have been a s s o c i a t e d  w i t h  low summer r a i n f a l l  i n  N i l e  
Creek, B r i t i s h  Columbia. The r e s u l t s  of t h e s e  i n v e s t i g a t i o n s  demonst ra te  
t h e  importance of summer s t reamflow t o  s i l v e r  salmon and i t  i s  probably  v a l i d  
t o  assume t h a t  adequate  summer s t reamflows a r e  even more impor tan t  t o  s t e e l -  
head t r o u t  s i n c e  they  commonly remain i n  f r e s h  water  f o r  more than  one summer. 

S ince  s t reamflows a t  o t h e r  t imes  of t h e  y e a r  a r e  a l s o  impor t an t  
t o  salmonids,  i t  would be neces sa ry  t o  provide  f lows  t o  main ta in  adequa te  
c o n d i t i o n s  f o r  immigrat ion,  spawning, i ncuba t ion ,  r e a r i n g ,  and emigra t ion .  
I d e a l l y ,  a  f i s h e r i e s  enhancement p r o j e c t  would improve c o n d i t i o n s  f o r  
salmonids du r ing  a l l  t imes  of t h e  yea r  and would a l s o  improve f i s h i n g  
cond i t i ons .  
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CHAPTER V. FISHERY ENHANCEMENT THROUGH 
STREAMFLOW AUGMENTATION 

At the beginning of this investigation, all known fishery enhance- 
-t techniques were considered for study . Fish hatcheries, spawning cha- 
nels, and rearing ponds were already receiving considerable study which would 
eventually result in a full evaluation of these techniques. Watershed 
management, although a promising long-range alternative, was considered to 
be beyond the scope of this study. Streamflow augmentation was the only 
new enhancement possibility which showed good promise of success, was not 
receiving current study, and could logically be evaluated by water resources 
planners in cooperation with Department of Fish and Game biologists. There- 
fore, the decision to concentrate on streanflow enhancement was reached early 
in the investigation. 
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3,  The s t ream should have p h y s i c a l  a c c e s s  a l o n g  much of 
t h e  main stem. 

4 .  The s t ream must have a  h i s t o r y  of good f i s h  product ion  
and be capable  of aga in  producing l a r g e  numbers of salmon 
and s t e e l h e a d  i f  proper  s t ream c o n d i t i o n s  could  be r e s t o r e d .  

The concept  of summer streamflow augmentat ion i s  a r e l a t i v e l y  s imple 
approach t o  anadromous f i s h e r y  enhancement which many f i s h e r y  b i o l o g i s t s  f e e l  
w i l l  i n c r e a s e  t h e  number of r e t u r n i n g  f i s h  t o  c o a s t a l  s t reams.  One major 
advantage of  t h i s  method of enhancement over  h a t c h e r i e s  i s  t h a t  i t  w i l l  pro- 
duce s t o c k s  of "wild" f i s h  which a r e  s t r o n g e r  and h e a l t h i e r  and have l e s s  
tendency toward r e s i d u a l i s m  than  a r t i f i c i a l l y  r e a r e d  f i s h .  However, i t  i s  
a r e c e n t  concept which has  no t  been t r i e d  excep t  i n  con junc t ion  w i t h  water  
r e l e a s e s  f o r  o t h e r  primary purposes,  and t h e r e f o r e ,  v e r y  l i t t l e  in format ion  
e x i s t s  concerning t h i s  p o s s i b l e  method of f i s h e r y  enhancement. 

A f t e r  commencement of t h e  f i e l d  work, t h e  Department of F i s h  and 
Game found t h a t  they  could no t  perform d e t a i l e d  f i s h e r y  enhancement evalu- 
a t i o n s  on more than  a  s i n g l e  s t ream system under t h i s  program. By consensus 
of a l l  p a r t i c i p a n t s  i n  t h e  s tudy ,  t h e  d e c i s i o n  was nade t o  l i m i t  f u r t h e r  
f i e l d  i n v e s t i g a t i o n s  t o  t h e  Mat to le  River.  However, much of t h e  informat ion  
developed on t h e  Mat to le  would be a p p l i c a b l e  t o  o t h e r  s t r eam systems. 

Mat to le  River Basin 

The Mat to le  River  was s e l e c t e d  f o r  concen t r a t ed  s tudy  f o r  t h e  
fo l lowing  reasons:  (1)  It i s  a r i v e r  t h a t  once suppor t ed  l a r g e  runs  of 
salmon and s t e e l h e a d ,  b u t  p r e s e n t  runs  a r e  g r e a t l y  reduced. ( 2 )  A t  l e a s t  
one good dam and r e s e r v o i r  s i t e  e x i s t s  i n  t h e  upper  b a s i n  where blockage of 
upstream f i s h  h a b i t a t  would be  minimal and t h e  l e n g t h  of s t ream which could 
be enhanced would be  l a r g e .  (3 )  Natu ra l  s t reamflows a t  t h e  damsi te  a r e  low 
i n  t u r b i d i t y ,  thereby  a s s u r i n g  t h a t  c l e a r  water  r e l e a s e s  could be made from 
the  r e s e r v o i r .  ( 4 )  Lack of adequate  r e a r i n g  a r e a  a s s o c i a t e d  wi th  extremely 
low summer f lows and h igh  temperatures  appears  t o  be  a  l i m i t i n g  f a c t o r  t o  
anadromous f i s h  popu la t ions  i n  t h e  r i v e r .  (5) Few rough f i s h  e x i s t  i n  t h e  
r i v e r  and t h e r e f o r e  i nc reased  summer f lows would b e n e f i t  mainly s t e e l h e a d  
and s i l v e r  salmon. 

The Mat to le  River  Basin is a c o a s t a l  d r a i n a g e  cover ing  303 squa re  
mi l e s  i n  southern  Humboldt County a s  shown i n  F i g u r e  7. The r i v e r  f lows  
i n t o  the  ocean near  t h e  community of P e t r o l i a ,  36 m i l e s  s o u t h  of Eureka. 
The bas in  i s  about  35 m i l e s  long t r end ing  i n  a  n o r t h w e s t e r l y  d i r e c t i o n .  I ts  
width v a r i e s  between 4 and 12 m i l e s .  It i s ' b o r d e r e d  on t h e  n o r t h e a s t  by 
t h e  Bear and South Fork Eel  River  d ra inages  and on t h e  southwest  by numerous 
smal l  c o a s t a l  d ra inages .  E leva t ions  w i t h i n  t h e  Mat to l e  Basin vary  from s e a  
l e v e l  a t  t h e  mouth t o  4,087 f e e t  a t  Kings Peak on t h e  southwest  d i v i d e  and 
3,542 f e e t  a t  s o u t h  Rainbow Peak on t h e  nor thwes t  d i v i d e .  The streambed 
e l e v a t i o n  of t h e  main r i v e r  r i s e s  g radua l ly  from s e a  l e v e l  a t  t h e  mouth t o  
1,000 f e e t  near  Thorn i n  t h e  upper bas in .  The main s tem l e n g t h  i s  65 mi l e s ,  



The t o t a l  popula t ion  o f  t h e  b a s i n  i s  less than  1,000 people w i t h  
most l i v i n g  i n  t h e  t h r e e  small communities of P e t r o l i a ,  Honeydew, and Thorn. 
Timber c u t t i n g ,  ranching,  and a g r i c u l t u r e  p rov ide  most of t h e  jobs i n  t h e  
bas in ,  a l though some bus inesses  depend h e a v i l y  on f ishermen and t o u r i s t s  
f o r  t h e i r  l i ve l ihood .  Most of  t h e  land  i s  p r i v a t e l y  owned, bu t  t h e  newly 
c r e a t e d  Kings Range National  Conservat ion Area occupies  a  s i z e a b l e  p o r t i o n  
of l and  l y i n g  a long  t h e  southwest  b a s i n  boundary. 

The Mat to le  River Basin i s  c h a r a c t e r i z e d  by s t e e p  mountainous t e r -  
r a i n  w i t h  second growth timber and n a t i v e  brush. Recent logging  has  l e f t  
s c a r s  i n  t h e  c e n t r a l  and lower bas in ,  b u t  t h e  upper b a s i n  around t h e  town 
of Thorn shows few s i g n s  of l and  damage from p a s t  logging  ope ra t ions .  Recent 
l a r g e  s c a l e  t imber  ha rves t ,  combined w i t h  u n s t a b l e  geologic  formations and 
h igh  r a i n f a l l ,  ha s  tended t o  change t h e  middle and lower b a s i n  from dense 

. . f o r e s t s  of f i r  and some redwood t o  t r a n s i t i o n a l  f o r e s t s  of tanoak, madrone, 
young f i r ,  and brush. These a r e a s  a r e  i n t e r l a c e d  throughout w i th  s c a r s  from 
road c u t s ,  s l i d e s ,  and o t h e r  forms of  s i l t -p roduc ing  s o i l  movements. 

The Ind ian  name Mattole ,  accord ing  t o  l o c a l  t r a d i t i o n ,  means c l e a r  
water ,  bu t  today t h e  Mattole  has  a  r e p u t a t i o n  of be ing  one of t h e  most t u r b i d  
s t reams i n  t h e  no r th  c o a s t a l  a r e a .  The main reason  f o r  t h i s  i s  t h e  l a r g e  
amount of s i l t  and organic  d e b r i s  t h a t  is  be ing  washed from t h e  s t e e p  s l o p e s  
of t h e  watershed i n t o  t h e  t r i b u t a r i e s  and main channel  of t h e  r i v e r .  Many 
r e s i d e n t s  of t h e  lower Mattole  River  a r e a  r e c a l l  t h e  days p r i o r  t o  heavy 
logging  and t h e  d i s a s t r o u s  f loods  of 1955 and 1964 when the  r i v e r  r an  deep, 
narrow, and c l ean ,  and t h e  r ive rbed  was composed of l a r g e  boulders ,  c l e a n  
g rave l ,  and sand. A canopy of t r e e s  and wil lows shaded t h e  r i v e r  throughout 

8 most of i t s  l eng th .  Nany sportsmen who have f i s h e d  t h e  r i v e r  f o r  20 t o  
30 yea r s  t e l l  of t imes p a s t  when t h e  only o b s t a c l e  t o  ob ta in ing  a  l i m i t  of 
s t e e l h e a d  o r  salmon was t r a n s p o r t a t i o n  t o  t h e  r i v e r  over  p r i n i t i v e  roads .  
Today, a n g l e r s  must be s a t i s f i e d  wi.th one o r  two f i s h  pe r  t r i p ,  i f  they  a r e  
lucky,  and they  must expect t h a t  a t  l e a s t  75 pe rcen t  of  t h e  t ime t h e  r i v e r  
w i l l  be  too  t u r b i d  t o  f i s h .  

What has  happened t o  t h e  blat tole  River  i n  t h e  l a s t  20 yea r s  t o  
change i t  from a r e l a t i v e l y  clean-flowing s t r eam w i t h  deep pools  and u n s i l t e d  
spawning g r a v e l s  i n t o  a  wide, shal low,  s i l t y  waterway l a r g e l y  devoid of shade- 
producing s t r eams ide  vege ta t ion?  The answer appears  t o  be a  combination 
of n a t u r a l  even t s  and widespread man-caused d e t r i m e n t a l  i n f luences .  The 
Mattole  River  Basin has always been a f f e c t e d  by f l o o d s ,  f i r e s ,  and ea r th -  
quakes, bu t  i n  comparison has  only r e c e n t l y  been exposed t o  c l ea r - cu t  logging ,  
road bu i ld ing ,  overgrazing,  land  convers ions ,  and r e l a t e d  burning.  A e r i a l  
photographs taken i n  1948 i n d i c a t e  t h a t  t h e  b a s i n  was a b l e  t o  f u l l y  recover  
from n a t u r a l  de t r imen ta l  occurrences  of t h e  p a s t ,  b u t  r e c e n t  photographs and 
pe r sona l  observa t ions  lead  one t o  ques t ion  whether t h e  p re sen t  heav i ly  
damaged b a s i n  w i l l  ever  f u l l y  recover  from t h e  environmental  abuses of t h e  
l a s t  two decades. Figure 2 shows e r o s i o n  a r e a s  c o n t r i b u t i n g  sediment t o  
t h e  Mattole  River .  F igures  3 through 6 p rov ide  comparative photographs of 
s e l e c t e d  b a s i n  a r e a s  i n  1948 and 1972. 



F I G U R E  2 

THE RESOURCES A G E N C Y  

DEPARTMENT OF WATER RESOURCES 
N O R T H E R N  DISTRICT 

E R O S I O N  A R E A S  O F  
T H E  M A T T O L E  WATERSHED 

L E G E N D  

A R E A  C O V E R E D  BY 1 9 4 8  V E R T I C A L  A E R I A L  P H O T O G R A P H S  a W I T H  P H O I O  N U M B E R  I N  C O R N E R .  

'e 1 9 7 2  O B L  l O U E  A E R I A L  P H O T O G R A P H S  S H O W I N G  D I R E C T  I O N  
O F  V I E W  A N D  P H O T O  F I G U R E  N U M B E R .  

G R A S S L A N O  A R E A S  O F  S H A L L O W  S O I L  S L U M P S .  C R E E P  @ A N 0  G U L L Y  E R O S I O N .  

R I V E R  B A N K  E R O S I O N  A R E A S  

C O M B I N E D  L A N O S L I O E  A N 0  R I V E R  B A N l  E R O S I O N  A R E A S  

L A N O S L l O E S  



The  a b o v e  p h o t o g r a p h s  show a  p o r t i o n  o f  
" A "  . The  l e f t  p h o t o  was t a k e n '  i n  1 9 4 8  
c o n d i t i o n s  o f  t h e  t i m b e r e d  a r e a  a t  t h e  
S l i d e s  " B "  a n d  " C "  d i d  n o t  e x i s t  i n  
Squaw C r e e k  i s  one o f  t h e  m o s t  t u r b i d  s  

Squaw 
and t 

b o t t o m  
1 9 4 8  

t reams  

C r e e k  d r a i n a g e  and t h e  C o o k s i e  M o u n t a i n  s l i d e  l a b e l e d  
he r i g h t  p h o t o  i n  1 9 7 2 .  N o t i c e  t h e  g r e a t l y  c h a n g e d  

o f  t h e  p h o t o g r a p h s  i n  t h e  a r e a s  l a b e l e d  " 0 "  a n d  " E "  . 
and  a r e  p r o b a b l y  t h e  r e s u l t  o f  l o g g i n g  a c t i v i t i e s .  

i n  t h e  M a t t o l e  d r a i n a g e .  



F i g u r e  4 

1 9 4 8  v e r t i c a l  a e r i a l  p h o t o g r a p h  o f  l o o p  a r e a  5 t o  1 2  r i v e r  m i l e s  u p s t r e a m  
f r o m  P e t r o l i a .  R i p a r i a n  a n d  h i l l s i d e  v e g e t a t i o n  w a s  v e r y  a b u n d a n t .  ' N o t e  
e s p e c i a l l y  a r e a s  " A "  a n d  "8".  



F i g u r e  5 

O b l i q u e  v i e w  o f  t h e  s a m e  a r e a  a s  F i g u r e  4 t w e n t y  f o u r  y e a r s  l a t e r  ( 1 9 7 2 ) .  
N o t e  h i l l  " 0 "  a n d  m u c h  o f  t h e  a r e a  b e y o n d  i t .  T a l l  t i m b e r  h a s  b e e n  
r e p l a c e d  b y  m i l e s  o f  r o a d s  a n d  b a r r e n  e r o d i b l e  s o i l .  



F i g u r e  8  

M a t t o l e  R i v e r  a p p r o x i m a t e l y  5 r i v e r  m i l e s  u p s t r e a m  f r o m  H o n e y d e w .  T h i s  a r e a  h a s  
b e e n  g r e a t l y  c h a n g e d  b y  l o g g i n g  a n d  f l o o d i n g .  S l i d e  " A "  w a s  b a r e l y  v i s i b l e  i n  
1 9 4 8  ( u p p e r  p h o t o )  b u t  i s  n o w  o n e  o f  t h e  l a r g e s t  a n d  m o s t  s i l t  p r o d u c i n g  s l i d e s  
o n  t h e  r i v e r  ( l o w e r  p h o t o  - 1 9 7 2 ) .  S t r e a m s  "B" a n d  " C "  w e r e  h i d d e n  b y  v e g e t a t i o n  
i n  1 9 4 8  b u t  i n  1 9 7 2  w e r e  o p e n  s c a r s .  S l i d e s  " O W  a n d  " E m  d i d  n o t  e x i s t  i n  1 9 4 8 .  



Mattole River Projects 

Two potential fishery enhancement dam and reservoir sites, shown 
in Figure 7, were identified in the headwaters of the main stem Mattole River. 
The Thorn site is located approximately 1 mile upstream from the town of 
Thorn. The Nooning Creek site is located immediately above the confluence 
of Nooning Creek and the Mattole River. . e 

8:. 

Either of these sites would be able to significantly increase the 
quantity of summer streamflows throughout the more than 50-mile length of . jl 
river between the damsites and the river mouth. Improved flow conditions 
could also be maintained during the adult spawning migrations in the fall 
and during the out-migration of juvenile smolts on their way to the ocean. 

Selection of a preferred damsite was not made because neither 
project is being recommended for construction at this time. A comparison 
of engineering, economic, and environmental factors which would be important 
in making a selection is contained in Tables A-1, A-2, and A-3 of Appendix A 
to this report. 

'If future consideration is given to construction of a fisheries 
enhancement project on the Mattole River, a reevaluation of these factors .- 
at that time would exert a strong influence on which site would be selected. 
Appendix A contains a detailed discussion of both the Thorn and Nooning 

I ', 
Creek pro j ec ts . . ." * '  

, h - i 
Beneficial and Detrimental Aspects of Mattole River Projects . . 

I 
1 < -  

A dam designed and operated for the single purpose of anadrornous 
fisheries enhancement on the Mattole River would have both benefits and 
detriments. 

Benefits. The most important beneficial aspect of such a project 
is its capability of storing high winter flows for release during the summer 
when natural flows drop as low as 2 cfs at the damsites. The low flow at 
Petrolia near the mouth drops below 30 cis almost every year. If an addi- 
tional 30 to 50 cis were released down the Mattole River during the summer 
and fall, it would increase the average low flow above natural conditions 
from 3 to 15 times along the main stem. Such increases in late summer flow 
would increase the wetted area of the stream channel available for fish 
rearing habitat and food production. The fish species mainly benefited by 
increased summer flows would be steelhead trout. King salmon would be 
benefited by the maintenance of high fall spawning flows. 

I -  Another significant benefit of a reservoir in the headwaters of 
I the Mattole River is the downstream cooling effect of reservoir releases. 

Under normal conditions during the summer months, maximum water temperatures 
. - in the main stem of the Mattole drainage rise to 80° F. or above for as 

long as 5 hours on hot afternoons. Average maximum temperatures of the 
Mattole River at Nooning Creek and at Ettersburg during July 1973 were 
73O F. and 780 F., respectively, and absolute maximum temperatures were 
81' F. and 82O F. These high temperatures are detrimental to salmonids 





which usually must escape to cooler pools or tributaries when temperatures 
approach the 80s. Data collected at Ruth Reservoir, which is similar in 
size and climatic exposure to the potential Mattole projects, indicate that 
the maximum expected temperature.of reservoir releases would be about 630 F. 
in the early fall and that average summer temperatures would be around 550 F. 
Once released into the Mattole River during the summer, this water would 
increase in temperature at a rate of approximately 10 F. per mile. Estimates 
based upon temperature data collected in the Mattole River and below small 
reservoirs in the north coastal area indicate that water released from 
Mattole River projects in the summer would range between 5S0 F. and 70° F. 
for the first 8 miles downstream. Therefore, the cooling effect of a reser- 
voir would benefit fishlife for approximately 16 miles below the reservoir. 
Fall reservoir release temperatures would average approximately 560 F. on 
November 1 and 50° F. December 1. These temperatures are within the accept- 
able range for spawning anadromous fish. 

Other benefits of a Mattole River fishery enhancement project 
would include the following: 

1. Capability of maintaining adequate flows for spawning 
activities during the fall when early storms raise the 
river enough to attract fish, then recede to the point 
that migrating fish are unable to continue up the river. 
Under present conditions these fish are vulnerable to 
poaching and natural predators. 

2. Provision of a facility for fishery enhancement research 
where controlled flows can be observed and modified. 

3. Increased recreational use and aesthetic enjoyment of the 
Mattole River due to higher maintained flows throughout' 
the summer. 

4 .  Provision of reservoir-related recreation such as boating, 
fishing, and swimming which is presently very limited in 
the north coastal area. 

Detriments. Detrimental aspects of a fishery enhancement reservoir 
in the upper Mattole River Basin include the following: 

1. Since the project would be experimental, it might not work 
as well as expected. 

2. A dam and reservoir would be expensive ($13 to $17 million). 

3. Some homes and land would be inundated. 

4. The stream areas above the reservoir would be 'lost for 
salmon spawning and rearing although they would provide 
habitat for trout. 

5. Wildlife habitat within the reservoir would be inundated. 



6. The c o u n t y  would l o s e  p r o p e r t y  t a x e s  on  l a n d  w i t h i n  t h e  
p r o j e c t  boundary.  

F i s h  and W i l d l i f e  S t u d i e s  

S t u d i e s  were  made by t h e  C a l i f o r n i a  Depar tment  o f  F i s h  and Game 
t o  e v a l u a t e  t h e  impact  o f  a M a t t o l e  R i v e r  f l o w  enhancement p r o j e c t  on  f i s h  
and w i l d l i f e .  A c o n s i d e r a b l e  amount o f  o f f i c e  and  f i e l d  work was accomp- 
l i s h e d  by a f i s h e r y  b i o l o g i s t  and a s e a s o n a l  a i d  o v e r  a  year - long  p e r i o d  o f  
s t u d y .  Pho tographs  o f  some of  t h e  f i e l d  work a c t i v i t i e s  are shown on t h e  
f o l l o w i n g  page.  The t y p e s  of f i s h  and w i l d l i f e  d a t a  deve loped  f o r  t h e  
M a t t o l e  River Bas in  a r e  l i s t e d  below: 

1. A l i t e r a t u r e  rev iew of f i s h e r y  enhancement t e c h n i q u e s .  

2 .  A p a r t i a l  c r e e l  c e n s u s  t o  p r o v i d e  a n  e s t i m a t e  of t h e  k i n d s  
and numbers of f i s h  caught  and t h e  number of d a y s  t h e  r i v e r  
was f i s h a b l e .  

3 .  Sampling by s h o c k i n g  a t  v a r i o u s  t imes  and  l o c a t i o n s  t o  d e t e r -  
mine t h e  k i n d s  and  number of j u v e n i l e  f i s h  i n  t h e  s t r e a m .  

4. C o l l e c t i o n  o f  i n f o r m a t i o n  on t h e  p h y s i c a l  c h a r a c t e r i s t i c s  
of v a r i o u s  s t r e a m  s e c t i o n s .  

5. Trapp ing  downstream m i g r a n t  sa lmonids  t o  g a i n  i n f o r m a t i o n  
on t h e  t i m i n g  o f  t h e i r  e m i g r a t i o n s .  

6. Measurement o f  s t r e a m  t e m p e r a t u r e  t o  d e t e r m i n e  i t s  e f f e c t  
on  sa lmonid  p r o d u c t i o n .  

7. Measurement o f  s t r e a m  p r o f i l e s  a t  v a r i o u s  f l o w s  and d e l i n e a -  
t i o n  of f l o w  regimes i n t o  p o o l ,  r i f f l e ,  s h a l l o w s ,  o r  r u n  
components. 

One problem t h a t  became a p p a r e n t  a t  t h e  b e g i n n i n g  o f  f i s h e r y  s t u d i e s  
was t h e  g e n e r a l  l a c k  o f  a n t e c e d e n t  d a t a  on t h e  M a t t o l e  R i v e r  f i s h e r y .  Very 
l i t t l e  b i o l o g i c a l  f i e l d  work of any t y p e  had been conduc ted  on t h e  M a t t o l e  
River  p r i o r  t o  t h e  f i s h e r y  enhancement s t u d y .  Another  c o m p l i c a t i n g  f a c t o r  
i s  t h e  p r e d i c t i v e  n a t u r e  o f  t h e s e  s t u d i e s .  The b i o l o g i s t  is  i n  t h e  uncom- 
f o r t a b l e  p o s i t i o n  o f  answer ing  a  v a s t  a r r a y  o f  "what i f "  q u e s t i o n s  a b o u t  
f u t u r e  f i s h e r y  c o n d i t i o n s  based  upon r a t h e r  s k e t c h y  h i s t o r i c  and p r e s e n t  
s t r e a m  d a t a .  

The b a s i c  o b j e c t i v e  o f  b i o l o g i c  s t u d i e s  was t o  e s t i m a t e  t h e  i n -  
c r e a s e d  p o p u l a t i o n s  of a d u l t  salmon and s t e e l h e a d  t h a t  would r e t u r n  t o  t h e  
r i v e r ,  and t h e  i n c r e a s e d  commercial and s p o r t  c a t c h  t h a t  would r e s u l t  from 
t h e  enhancement p r o j e c t .  I n  a t t e m p t i n g  t o  d e v e l o p  t h e s e  e s t i m a t e s ,  a  myriad 
o f  o t h e r  d i f f i c u l t  q u e s t i o n s  a r i s e  which must be  answered f i r s t .  For 
example,  what f a c t o r s  a r e  p r e s e n t l y  l i m i t i n g  f i s h  p r o d u c t i o n ?  Is i t  food  
p r o d u c t i o n ,  spawning a r e a s ,  t e m p e r a t u r e ,  t u r b i d i t y ,  o r  summer r e a r i n g  a r e a s  
t h a t  most s e v e r e l y  a f f e c t  f i s h  s u r v i v a l  i n  t h e  r i v e r ?  What r o l e  does  t h e  
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e s t u a r y  h a b i t a t  p l ay  i n  t h e  l i f e  cyc l e  of f i s h ?  Are p r e d a t i o n ,  o v e r f i s h i n g ,  
and poaching s i g n i f i c a n t  f a c t o r s  i n  l i m i t i n g  f i s h  p r o d u c t i o n ? '  What e f f e c t  
w i l l  t h e  blocked stream channel  above t h e  dam have on f u t u r e  f i s h  product ion?  
Also t o  be contended wi th  i s  t h e  f a c t  t h a t  b i o l o g i c  systems a r e  extremely 
complex, and t h a t  each r i v e r  system, and each  f i s h  s p e c i e s  w i t h i n  a  given 
r i v e r ,  have c e r t a i n  unique c h a r a c t e r i s t i c s  which cannot  be  f u l l y  understood 
by s t u d i e s  conducted on o t h e r  s t reams.  Even t h e  ve ry  b a s i c  procedure of 
c o l l e c t i n g  f i s h  popu la t ion  informat ion  i s  ext remely  d i f f i c u l t  and time- 
consuming a s  evidenced by t h e  gynera l  l a c k  of f i s h  count  in format ion  on 
n o r t h  c o a s t a l  s t reams.  A s  a  r e s u l t  of t h e s e  d i f f i c u l t i e s  i n h e r e n t  i n  pre- 
d i c t i n g  t h e  r e s u l t s  of a  f i s h e r y  enhancement p r o j e c t ,  f i s h e r y  b i o l o g i s t s  
a r e  unwi l l ing  t o  make e s t i m a t e s  based on i n s u f f i c i e n t  d a t a  where they a r e  
forced  t o  r e l y  on ske tchy  p a s t  exper ience  and judgment. 

Although much i n f o r n a t i o n  was gained d u r i n g  t h i s  s tudy ,  a d d i t i o n a l  
f i e l d  work and a n a l y s i s  is r equ i r ed  t o  p rope r ly  e v a l u a t e  t h e  f i s h e r y  enhance- 
ment p o t e n t i a l  of a  dam and r e s e r v o i r  on t h e  Mat to l e  River .  Some of  t h e  
conclus ions  reached by t h e  Department of F i s h  and Game dur ing  t h i s  s tudy  a r e  
a s  fol lows:  

1. The Mat to le  River suppor t s  s i g n i f i c a n t  popu la t ions  of 
anadromous f i s h ,  i nc lud ing  s t e e l h e a d  t r o u t ,  k ing  salmon, 
and s i l v e r  salmon. 

2. Lack of s u i t a b l e  r e a r i n g  a r e a  appears  t o  l i m i t  s t e e l h e a d  and 
s i l v e r  salmon product ion  i n  t h e  Mat to le  River .  

3. Cool water  r e l e a s e d  throughout t h e  summer could i n c r e a s e  t h e  
s u r v i v a l  and growth of j u v e n i l e  salmonids i n h a b i t i n g  t h e  
main r i v e r  below a  flow augmentation dam. 

4 .  Flow augmentation i n  t h e  f a l l  could enhance c o n d i t i o n s  f o r  
k ing  salmon spawning i n  t h e  E t t e r s b e r g  a r e a .  

5. A hatchery  on t h e  Mat to le  River could s u b s t a n t i a l l y  b e n e f i t  
s p o r t  and commercial f ishermen by i n c r e a s i n g  salmonid pro- 
duc t ion ;  however, p re sen t  unimpounded summer f lows a r e  not  
s u i t a b l e  t o  suppor t  a  ha tchery .  

6. An a r t i f i c i a l  spawning channel would be of  l i t t l e  va lue  on t h e  
I f a t t o l e  River  s i n c e  s u i t a b l e  spawning g r a v e l  does no t  appear  
t o  l i m i t  salmonid product ion  i n  t he  s t r e a n .  

7 .  Rearing ponds o f f e r  a  s i g n i f i c a n t  p o t e n t i a l  f o r  i n c r e a s i n g  
product ion  of s i l v e r  salmon and s t e e l h e a d  i n  t h e  Mat to le  
River  a t  r ea sonab le  c o s t  i f  an adequate  supply of coo l  water  
is  a v a i l a b l e  and i f  enough f i s h  can be ob ta ined  t o  s t o c k  
the  ponds. 

8. Watershed r e s t o r a t i o n  through management is  t h e  b e s t  s o l u t i o n  
t o  t h e  problem of d e c l i n i n g  salmonid r e sou rces ;  however, such 
a  program would be very  expensive and would r e q u i r e  many yea r s  
t o  accomplish. 



9. s u b s t a n t i a l  a d d i t i o n a l  s t udy  w i l l  be r equ i r ed  b e f o r e  f i s h e r y  
enhancement p r o j e c t s  i n  t h e  upper Mat to le  River  can be  
adequate ly  eva lua ted .  

10. More complete s t u d i e s  a r e  needed t o  e s t i v a t e  t h e  types  and 
numbers of w i l d l i f e  t h a t  would be l o s t  by c o n s t r u c t i o n  of a  
Mat to le  River  r e s e r v o i r  and t o  formula te  m i t i g a t i o n  p l a n s  f o r  
t h i s  w i l d l i f e ,  

Pub l i c  A t t i t u d e  Toward a  Dam and Reservoi r  on t h e  Mat to le  River  

During t h e  f i s h e r i e s  enhancement s tudy ,  s p e c i a l  e f f o r t s  were made 
t o  inform l o c a l  governmental bodies  of t h e  p rog re s s  of  t h e  s tudy  and t o  g e t  
them involved i n  making d e c i s i o n s  r ega rd ing  which s t reams should be s t u d i e d .  

Ear ly  i n  t h e  i n v e s t i g a t i o n  t h e  Boards of Superv isors  of Humboldt 
and Mendocino Counties were interviewed t o  o b t a i n  t h e i r  views on p o t e n t i a l  
f i s h e r i e s  enhancement s t u d i e s .  The ques t i ons  asked of  t h e  Boards inc luded  
such items a s :  which r i v e r s  and s t reams should be s t u d i e d ,  what types  of 
enhancement a r e  most d e s i r e d ,  and would they suppor t  a  f low augmentation 
p r o j e c t .  Copies of l e t t e r s  t o  bo th  Boards and t h e i r  r e p l i e s  a r e  conta ined  
i n  Appendix B,  "Correspondence w i t h  Humboldt and Mendocino Counties". 

Throughout t h e  i n v e s t i g a t i o n  p e r i o d i c  p rog re s s  r e p o r t s  were g iven  
t o  t h e  Boards of Superv isors  and t h e i r  duly formed F i sh  and Game and Water 
Committees. Support f o r  t h e  s t u d i e s  was expressed a t  t h e s e  meetings.  

Near t h e  end of t h e  s tudy  a  pub l i c  meeting i n  t h e  a r e a  was h e l d  
t o  d i s cus s  s tudy f i n d i n g s  and t o  r e c e i v e  comments from r e s i d e n t s  of t h e  
Mattolc  Basin and nearby a r e a s .  Of t h e  approximately 50 people  a t t e n d i n g  
t h e  meeting, t h e  overwhelming ma jo r i t y  opposed c o n s t r u c t i o n  of any moderate- 
o r  l a rge - s i ze  dam on t h e  Mattole  River.  Res idents  of t he  upper bas in  were 
opposed t o  t h e  p r o j e c t  because they f e l t  t h a t  a dam is an  unna tu ra l  s o l u t i o n  
t o  a  problem of na tu re  and t h a t  such a  p r o j e c t  would g r e a t l y  change the  
c h a r a c t e r  of t h e  upper v a l l e y .  Inundat ion  of l and  and t r e e s ,  t h e  d i sp l ace -  
ment of homes and two r e l i g i o u s  i n s t i t u t i o n s ,  and t h e  i n f l u x  of nore  people  
i n t o  t h e  a r e a  were mentioned a s  a d d i t i o n a l  undes i r ab l e  f a c t o r s .  

Residents  of t h e  lower bas in  were n o t  a s  adamantly opposed t o  
p o t e n t i a l  p r o j e c t s  a s  t hose  i n  t h e  upper bas in .  However, they were doubt- 
f u l  of t h e  b e n e f i t s  t h a t  t h e  c o m u n i t y  would d e r i v e  from such p r o j e c t s ,  and 
t h e  landowners a long  t h e  lower r i v e r  d i d  no t  want more f ishermen a t t r a c t e d  
t o  t h e  Mat to le  River.  

A s  an  a l t e r n a t i v e  t o  a  moderately s i z e d  dam on t h e  upper I f a t t o l e  
River ,  s e v e r a l  o the r  f i s h e r y  enhancement p o s s i b i l i t i e s  were suggested a t  
t h e  meeting. These included t h e  fol lowing:  

1. Clear ing  of logging s l a s h  and d e b r i s  from t h e  bed and banks 
of  t h e  main r i v e r  and i t s  t r i b u t a r i e s .  



2. Reforestation of the streambanks. 

3 .  Thinning and reforestation of the surrounding watershed. 

4. Construction of small holding ponds on the upper tributaries 
and watershed to augment ground water storage and increase 
summer flows. 

As was pointed out at the public meeting, the Department agrees 
that some beneficial effects would result from the first three items. How- 
ever, the desirability of constructing several small holding ponds in the 
upper Plattole River Basin for fishery enhancement is questionable. From 
past experience both the Department of Water Resources and the Department of 
Fish and Game generally consider small reservoirs undesirable because they 
would have inadequate storage capacity, would tend to silt up rapidly, and 
would produce warm water. However, some very small mountain reservoirs at 
the headwater of streams in the Sierra, Trinity, and Klamath Mountains have 
been successful in improving stream conditions for fishlife and have proved 
to be very popular recreation areas. Future consideration of fishery enhance- 
ment reservoirs should include an evaluation of these types of small tribu- 
tary projects. 

Because of the adverse feelings of most people living in the basin 
and the fact that the accomplishments of a flow improvement reservoir cannot 
be accurately determined without further study, it was decided to publish 
this progress report on the work accomplished to date and to defer further 
study. If sufficient public interest is generated in the future, fishery 
enhancement studies in the Mattole River Basin could be resumed. In the 
meantime, additional studies relating to possible fishery enhancement oppor- 
tunities in the north coastal area are under way by the Department of Water 
Resources and the U. S. Bureau of Reclamation, in cooperation with the 
Department of Fish and Game and the U. S. Fish and Wildlife Service. These 
studies are described briefly in the following paragraphs. 

Ongoing and Future Fishery Enhancement Studies 

Planning of water projects. for the primary purpose of fishery 
enhancement is a recent development resulting from the greatly increased 
public concern over environmental quality. The public is now demanding that 
environmental considerations be fully evaluated in the planning of public 
and private development projects. Both state and federal legislation has 
recently been enacted to accomplish this purpose. 

In response to these changing public values, several programs for 
the exploration of fishery enhancement through stream habitat improvement 
methods are now either under way or scheduled in the future. This report 
deals with the first phase of the general concept of fishery enhancement 
through flow augmentation. Another study in which the Department is involved 
is an evaluation of fishery enhancement opportunities below Lake Pillsbury in 
the upper Eel River Easin. In addition, the Department of Water Resources, the 



Bureau of Reclamation, and the Department of Fish and Game have agreed to 
conduct a cooperative study in an effort to solve the anadromous fishery 
problems on the Trinity River below Lewiston Dam. Following is a brief 
description of each of these planned and potential studies. 

Eel-Russian River Flow Aumentation Study 

This investigation was initiated in September 1972 in response to 
a request to the California Water Commission from the Eel River Water Council 
and IIumboldt County officials for a study of ways to improve Eel River fish- 
eries and recreation through a modified operation of Lake Pillsbury in the 
headwaters of the Eel River Basin. A study committee including county, state, 
and federal governmental agencies and water districts, as well as the Pacific 
Gas and Electric Company, was formed to provide direction for the study. 
The major work is being performed jointly by the State Departments of Water 
Resources and Fish and Game, and by the U. S. Corps of Engineers. 

Lake Pillsbury has provided storage in the headwaters of the Eel 
River since 1922. Most of this water is diverted through a tunnel into 
Potter Valley in the Russian River drainage for power generation and irri- 
gation in Potter Valley. The project was granted a 50-year license by the 
Federal Power Commission in 1922. In April 1972 this license expired and 
the California Department of Fish and Game requested that some of the fishery 
problems in the Eel River resulting from the diversion be corrected as a 
condition of relicensing. 

The primary problem created by the project is the adverse effect 
on anadromous fish in the upper Eel River. During the early storms each 
fall, which attract spawning fish into the upper Eel River, the .refilling 
of Lake Pillsbury and the diversion of most of this water into Potter Valley 
essentially dewaters the river between storms. Eggs deposited by spawning 
fish during the highwater periods are lost, and many fish trapped by the 
intervening low flows die without spawning. 

Another problem is low summer flows in the Eel River. During the 
summer months, a release of only 2 cubic feet per second is made at Cape 
Horn Dam (Van Arsdale Reservoir) 12 miles downstream from Lake Pillsbury. 
This release is barely sufficient to maintain a flowing stream; it provides 
habitat suitable for only nongame fishes and supports only limited recreation 
uses. 

The Potter Valley Project is currently operating on a second interim 
l-year license, while the Federal Power Comnission considers recommendations 
by the U. S. Forest Service, the U. S. Fish and Wildlife Service, and the 
Department of Fish and Game concerning provisions for recreation and preser- 
vation of fish and wildlife. 

The recommendations contained in the Eel-Russian River study report, 
which is scheduled for completion in 1974, will provide important input to 
the Federal Power Commission in its deliberations concerning relicensing of 
the Potter Valley Power Project. 



Bureau of Reclamation Fishery Improvement Studies 

The U. S. Bureau of Reclamation, in conjunction with the U. S. 
Bureau of Sport Fisheries and Wildlife, has conducted a cursory-level fish 
improvement study on five north coastal streams (Redwood Creek, and Tenmile, 
Noyo, Big, and Gualala Rivers). The purpose of this study was to select 
one of these streams for more intensive study with the objective of identi- 
fying the best site for construction of a pilot fishery enhancement project. 

Big River was selected as potentially the most promising stream 
for additional study. However, the Bureau recently discontinued its study 
of small coastal streams. The Bureau's efforts have now been redirected 
to a cooperative study with the Departments of Water Resources and Fish and 
Game aimed at solving existing fish problems on the Trinity River below 
Lewiston Dam. 

Trinity River Fishery Studies 

The Trinity River studies involve efforts by the U. S. Bureau of 
Sport Fisheries and Wildlife, the Bureau of Reclamation, the Forest Service, 
the Bureau of Land Management, and the California State Departments of 
Water Resources and Fish and Game to find solutions to fish and wildlife 
problems associated with the construction and operation of Trinity Dam. 
This study will involve experimental flow manipulation to provide attraction 
flow for adult salmon and steelhead. It will also include downstream migra- 
tion studies using experimental flow releases to encourage movement of 
juvenile salmon and steelhead out of the river and into the ocean. Other 
studies will include attempts to find solutions to riparian vegetation 
encroachment and silt deposition on spawning gravels, which have been blamed 
for reducing the fish populations and fishability of the Upper Trinity 
River. These studies were initiated in January 1974. 
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Appendix A g i v e s  t h e  t e c h n i c a l  i n f o r m a t i o n  on t h e  Thorn and Nooning 
Creek f i s h e r y  enhancement p r o j e c t s  i n  t h e  upper  M a t t o l e  R i v e r  Basin .  N e i t h e r  
of t h e s e  p r o j e c t s  a r e  recormnended f o r  c o n s t r u c t i o n  a t  t h i s  t ime  and t h e r e f o r e  
n e i t h e r  i s  s e l e c t e d  a s  t h e  most d e s i r a b l e  p r o j e c t .  

The Thorn P r o j e c t  

Thorn Dam s i t e  i s  l o c a t e d  innnediately below Baker Creek and c r o s s e s  
a t e r r a c e  once .occupied by t h e  Thorn Lumber M i l l  ( F i g u r e  A-1). The d r a i n a g e  
a r e a  above t h i s  damsi te  i s  11.6 s q u a r e  m i l e s  and t h e  a v e r a g e  r a i n f a l l  is 
75 i n c h e s  p e r  y e a r .  No s t reamf low r e c o r d s  e x i s t  a t  t h e  d a m s i t e ;  however, a  
s t r e a m  gaging s t a t i o n  h a s  been main ta ined  on t h e  M a t t o l e  R i v e r  a t  P e t r o l i a  
s i n c e  1952. By comparing t h e  d r a i n a g e  a r e a  and r a i n f a l l  above t h e  d a m s i t e  
w i t h  t h e  d r a i n a g e  a r e a  and r a i n f a l l  a t  t h e  P e t r o l i a  gage,  i t  was p o s s i b l e  t o  
e s t i m a t e  t h e  r u n o f f  a t  t h e  damsi te .  Es t imated  r u n o f f  a t  t h e  damsi te  r a n g e s  
from 9,600 t o  62,200 a c r e - f e e t  a n n u a l l y .  The a v e r a g e  a n n u a l  r u n o f f  i s  a b o u t  
32,900 a c r e - f e e t .  

I n  A p r i l  1973 a  c u r s o r y  g e o l o g i c  i n v e s t i g a t i o n  was made o f  t h e  
f o u n d a t i o n  c o n d i t i o n s  a t  Thorn Dam s i t e .  The s i t e  a p p e a r s  s u i t a b l e  f o r  
e i t h e r  an  e a r t h f i l l  dam w i t h  a  p e r v i o u s  o u t e r  s h e l l  o r  a  r o c k f i l l  dam. A 
c o n s e r v a t i v e  d e s i g n  i s  n e c e s s a r y  because  o f  t h e  s i t e ' s  c l o s e  p rox imi ty  t o  
t h e  San Andreas f a u l t .  S u f f i c i e n t  s t reambed g r a v e l  is  n o t  a v a i l a b l e  f rom 
t h e  M a t t o l e  R i v e r  and l o c a l  bedrock i s  probab ly  n o t  s u i t a b l e  f o r  use  i n  a 
f i l l  t y p e  dam; t h e r e f o r e ,  c o n s t r u c t i o n  m a t e r i a l s  would have t o  be t r a n s p o r t e d  
from a n o t h e r  a r e a .  Benbow Lake on t h e  South Fork E e l  R i v e r  h a s  a n  a d e q u a t e  
supp ly  of g r a v e l s  which i s  c o n s i d e r e d  a s  t h e  s o u r c e  o f  p e r v i o u s  m a t e r i a l  f o r  
c o s t  e s t i m a t i n g  purposes .  Rock f o r  r i p r a p  can p robab ly  be  q u a r r i e d  i n  t h e  
Thorn a r e a .  

The dam s e c t i o n  ( F i g u r e  A-2) would c o n s i s t  o f  a n  impervious  c o r e ,  
surrounded by a n  o u t e r  s h e l l  of g r a v e l ,  w i t h  r i p r a p  f a c i n g  on t h e  upst ream 
embankment t o  p r o t e c t  a g a i n s t  wavewash. Approximately 700,000 c u b i c  y a r d s  
o f  impervious  weathered m a t e r i a l  would be r e q u i r e d  f o r  t h e  c o r e .  I t  c a n  be 
o b t a i n e d  from t e r r a c e s  i n  t h e  r e s e r v o i r  and downstream a l o n g  t h e  r i v e r .  An 
a d d i t i o n a l  1 ,000,000 c u b i c  y a r d s  o f  g r a v e l  f o r  t h e  p e r v i o u s  s h e l l  and f i l t e r  
material would b e  needed. It could  b e  t r a n s p o r t e d  from Eenbow Lake o v e r  a n  
11-mile h a u l  road which would be c o n s t r u c t e d  a s  p a r t  of t h e  p r o j e c t .  

An u n c o n t r o l l e d  s p i l l w a y  w i t h  an  ogee c r e s t  and c o n c r e t e  c h u t e  
would p r o t e c t  t h e  dam from o v e r t o p p i n g .  The s p i l l w a y ,  on t h e  l e f t  abutment ,  
was s i z e d  t o  d i s c h a r g e  18,000 c i s  w i t h  1 0  f e e t  o f  f r e e b o a r d .  The o u t l e t  
works would c o n s i s t  of a  low-level  i n t a k e  and c o n d u i t  c a p a b l e  of d i s c h a r g i n g  
300 c u b i c  f e e t  p e r  second a t  minimum s t o r a g e .  

The e s t i m a t e d  t o t a l  c a p i t a l i z e d  c o s t  o f  t h e  Thorn p r o j e c t  i s  
$14,100,000. The two l a r g e s t  f i e l d  c o s t  i t ems  a r e  t h e  dam a t  $4,600,000 and 
l and  a c q u i s i t i o n ,  r e l o c a t i o n s ,  and r e s e r v o i r  c l e a r i n g  t o t a l i n g  $4,500,000. 

Thorn R e s e r v o i r  a t  a  normal w a t e r  s u r f a c e  e l e v a t i o n  o f  1 ,160 f e e t  
would cover  825 a c r e s  and c o n t a i n  45,000 a c r e - f e e t  of w a t e r .  The r e l a t i o n -  
s h i p  between e l e v a t i o n ,  s t o r a g e  c a p a c i t y ,  and w a t e r  s u r f a c e  a r e a  is shown 
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FIGURE A-2. THORN DAM TYPICAL SECTION 
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i n  Figure A-3. P r o j e c t  s t a t i s t i c s  a r e  given i n  Table  A-1 and environmental  
e f f e c t s  l i s t e d  i n  Table  A-2. When f u l l ,  t h e  r e s e r v o i r  would have 25 mi l e s  
of s h o r e l i n e  and an average  depth  of 55 f e e t .  Approximately 3.5 mi l e s  of 
county road i n  t h e  r e s e r v o i r  a r e a  which p r e s e n t l y  connec ts  Thorn and Four 
Corners would have t o  be r e l o c a t e d .  The r e s e r v o i r  was s i z e d  t o  provide  ade- 
q u a t e  s t o r a g e  f o r  t h e  maintenance of  a  minimum flow of 60 c f s  a t  E t t e r s b u r g  
throughout t h e  summer. Table  A-3 g ives  a  comparison of low f lows i n  t h e  
Mattole  River  a t  va r ious  l o c a t i o n s  wi th  and wi thout  t h e  f low enhancement 
p r o j e c t .  The c r i t i c a l  year  du r ing  t h e  h i s t o r i c  o p e r a t i o n  s tudy  i s  1924 when 
t h e  s t o r a g e  would have reached a  minimum of 10,000 a c r e - f e e t  i f  t h e  p r o j e c t  
had been i n  e x i s t e n c e  then.  Average annual  r e s e r v o i r  drawdown would be 
14 f e e t  dur ing  normal yea r s  and 34 f e e t  du r ing  d ry  pe r iods .  The r e s e r v o i r  
would f i l l  and d i scha rge  water  over  t h e  sp i l lway  n e a r l y  every year .  

A r a t h e r  l a r g e  dead s t o r a g e  of 10,000 ac re - f ee t  was used i n  o r d e r  
t o  i n s u r e  coo l  f a l l  r e l e a s e s  and t o  provide  adequate  s t o r a g e  f o r  r e s i d e n t  
f i s h  i n  t h e  r e s e r v o i r .  During normal yea r s  a d d i t i o n a l  water  would be a v a i l -  
a b l e  i n  t h e  r e s e r v o i r  f o r  r e l e a s e  dur ing  t h e  s p r i n g  t o  encourage downstream 
migra t ion  of young salmonids o r  i n  t h e  f a l l  f o r  a t t r a c t i o n  of upstream 
migra t ing  f i s h .  The exac t  schedule  of r e s e r v o i r  o p e r a t i o n  cannot  b e  e x a c t l y  
p red i c t ed  because i t  would be somewhat exper imenta l .  The primary r e l e a s e s  
would be from May through October f o r  improvement of t h e  summer r e a r i n g  
h a b i t a t  below t h e  r e s e r v o i r ,  bu t  a d d i t i o n a l  w a t e r  would be r e l e a s e d  f o r  
experimentat ion w i t h  f l u s h i n g ,  a t t r a c t i o n ,  and maintenance f lows du r ing  t h e  
remainder of t h e  y e a r ,  Therefore ,  t he  l a r g e s t  p r a c t i c a b l e  r e s e r v o i r  s t o r a g e  
c o n s i s t e n t  w i th  a v a i l a b l e  in f low and economic c o n s i d e r a t i o n s  i s  d e s i r a b l e .  

The Thorn Dam would block approximately 4 miles of  main s t r eam and 
12 m i l e s  of t r i b u t a r y  nu r se ry  a r e a  which now suppor t s  an  e s t ima ted  25,000 
j u v e n i l e  salmonids ( equ iva l en t  t o  approximately 40 r e t u r n i n g  a d u l t s ) .  
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FIGURE A-3. THORN RESERVOIR A-C CURVES 
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In a 1972 survey it was found that about 93 percent of these young fish were 
steelhead and about 7 percent were silver salmon. The dam is upstream of 
the observed limit of king salmon migration. Thorn Reservoir would inundate 
an area of 830 acres which now supports an estimated 155 nonmigratory deer 
and an unknown number of other wildlife. Between 50 and 75 people live in 
the reservoir area and would be forced to relocate. Many of these residents 
live in the Redwood Monastary and the Springs of Living Waters Religious 
Commune. A total of about five private homes would be flooded. 

Annual recreational use at Thorn Reservoir would increase from 
13,000 recreation days in 1980 to 31,000 by 2030. The recreation potential 
of this project is only "fair" due to a limited amount of suitable flatland 
around the reservoir and its remoteness from population centers. 

The Nooning Creek Project 

The Nooning Creek Dam site is located on the Mattole River approxi- 
mately 1/4 mile upstream from the confluence of Nooning Creek (Figure A-1). 
The drainage area above the damsite is 32.6 square miles and the average 
rainfall over the area is 77 inches per year. Average annual runoff at the 
damsite is estimated at 98,000 acre-feet per year with extremes ranging 
between 23,000 and 182,000 acre-feet per year. 

A reconnaissance-level geologic field investigation of the Nooning 
Creek Dam site was conducted in April 1973. This field study revealed 
relatively good foundation conditions which could support an earthfill or 
concrete dam of moderate height. Excavation of the top 10 feet of weathered 
foundation material and a 15-foot core trench beneath the dam section would 
be necessary. 



The dam ( F i g u r e  A-4) would c o n s i s t  of a  l a r g e  imperv ious  c o r e  of 
729,000 c u b i c  y a r d s  of t e r r a c e  m a t e r i a l  o b t a i n e d  w i t h i n  t h e  r e s e r v o i r  a r e a .  
A  r e l a t i v e l y  t h i n  o u t e r  s h e l l  o f  p e r v i o u s  g r a v e l s  would b e  p l a c e d  o v e r  t h e  
c o r e .  The ups t ream f a c e  of t h e  dam would be  p r o t e c t e d  f rom e r o s i o n  by l a r g e  
r o c k s  p l a c e d  a s  r i p r a p .  A l l  m a t e r i a l s  f o r  c o n s t r u c t i o n  can  b e  o b t a i n e d  i n  
o r  n e a r  t h e  r e s e r v o i r  a r e a .  Approximately  10.6 m i l e s  o f  coun ty  road must be 
r e l o c a t e d  around t h e  r e s e r v o i r .  

FIGURE A-4. NOOlJING CREEK DAM T Y P I C A L  S E C T I O N  

Dom Ar i r  

M MS. EL IOIS' 

Oripino/ Ground 
MATERIALS 

I /MPFRV/OUS 
2 PERVlOUS - Transit ion 

Streom Grovels 

NOONING CREEK DAM TYPICAL SECTION 
SCALE OF FEET 

The s p i l l w a y  would c o n s i s t  of a n  u n c o n t r o l l e d  ogee  c r e s t  and 
c o n c r e t e  c h u t e  on t h e  l e f t  dam abutment .  The s p i l l w a y  c h u t e  would t e r m i n a t e  
on a  t e r r a c e  70 f e e t  above t h e  s t reambed from where t h e  s p i l l w a y  d i s c h a r g e s  
would be r e l e a s e d  o v e r  a t e r r a c e  a r e a .  The s p i l l w a y  w a s  s i z e d  t o  d i s c h a r g e  
30,000 c i s  w i t h  1 0  f e e t  of head.  The o u t l e t  works would be  l o c a t e d  n e a r  
t h e  bottom of t h e  r e s e r v o i r  and would be  des igned  t o  d i s c h a r g e  300 c u b i c  
f e e t  p e r  second a t  minimum p o o l .  

The e s t i m a t e d  t o t a l  c a p i t a l i z e d  c o s t  o f  t h e  Nooning Creek P r o j e c t  
is  $17,900,000. The l a r g e s t  f i e i d  c o s t  c a t e g o r i e s  a r e  l a n d  a c q u i s i t i o n ,  
r e l o c a t i o n s ,  and r e s e r v o i r  c l e a r i n g  a t  $8,000,000 and dam c o n s t r u c t i o n  a t  
$2,800,000. 

The Mooning Creek R e s e r v o i r  when f u l l  a t  e l e v a t i o n  1 ,015  f e e t  
would cover  950 a c r e s  and c o n t a i n  40,000 a c r e - f e e t  o f  w a t e r .  The maximum 
e l e v a t i o n  of t h e  r e s e r v o i r  i s  l i m i t e d  t o  a  l e v e l  which would n o t  i n u n d a t e  
t h e  town of Thorn. The r e l a t i o n s h i p  between e l e v a t i o n ,  s t o r a g e ,  and w a t e r  
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FIGURE A-5. NOONING CREEK RESERVOIR A-C CURVES 
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NOaYlNC CREEK RESERVOR AREA-CAPACITY CURVES 

The Nooning Creek Dam would block about 12 mi les  of mainstream 
nursery  a r e a  and about 25 mi les  of t r i b u t a r y  nursery  a r e a  which now suppor t s  
an es t imated  125,000 juven i l e  salmonids (equiva len t  t o  approximately 190 
r e t u r n i n g  a d u l t s ) .  Almost a l l  of t h e s e  f i s h  a r e  young-of-the-year . s t ee lhead .  
Nooning Creek Reservoir  would inundate  an a r e a  of 950 a c r e s  which now suppor ts  
an es t imated  90 deer  a s  w e l l  a s  o t h e r  w i l d l i f e .  This  r e s e r v o i r  would f lood  
t h e  Thorn Junct ion  a r e a  which has  been subdivided i n t o  1/2-acre t o  5-acre 
l o t s .  Severa l  homes have been b u i l t  i n  t h i s  a r e a ,  e s p e c i a l l y  a long  t h e  e a s t  

. , 
bank of t h e  r i v e r  from Thorn Junc t ion  Bridge t o  t h e  damsite.  The number of 



people forced  t o  r e l o c a t e  by t h i s  r e s e r v o i r  could  be as h igh  a s  200. Land 
va lues  i n  t h i s  a r e a  a r e  h ighe r  than  a t  Thorn Reservoi r  due t o  t h e  more 
i n t e n s i v e  development. 

The Nooning Creek P r o j e c t  would cons ide rab ly  improve t h e  r e a r i n g  
h a b i t a t  of t h e  8 mi les  of s t ream from t h e  p r o j e c t  t o  E t t e r s b e r g  by g r e a t l y  
i n c r e a s i n g  summer flows (Table A-3) and reducing  summer water  temperatures  
below 70' F. This  s t r e t c h  of r i v e r  con ta ins  t h e  c l e a n e s t  spawning g r a v e l  
found i n  t h e  Mattole  River and would provide e x c e l l e n t  h a b i t a t  under post-  
p r o j e c t  condi t ions .  Increased  summer f lows would a l s o  s i g n i f i c a n t l y  b e n e f i t  
t h e  45 mi les  of r i v e r  between E t t e r sbu rg  and t h e  mouth, a l though summertime 
temperatures  would reach t h e i r  p r e p r o j e c t  l e v e l s  about  8 mi les  below 
E t t e r sbu rg .  

Annual r e c r e a t i o n  use a t  Nooning Creek Reservoi r  would i n c r e a s e  
from 20,000 r e c r e a t i o n  days i n  1980 t o  48,000 by 2030. This  use i s  h ighe r  
than  t h a t  a t  Thorn Reservoi r  due mainly t o  t h e  l a r g e  a r e a  of f l a t l a n d  
surrounding the  r e s e r v o i r .  



MATTOLE RIVER FISHERY ENHANCEMENT 
PERTINENT DATA FOR DAMS AND RESERVOIRS 

Reservoi r  

I t e m  Thorn Nooning Creek Ruth 

1. Drainage a r e a  above damsi te  11.6 square m i l e s  32.6 square  m i l e s  121  squa re  mi l e s  

2. Volume of r e s e r v o i r  a t  NIJS 45,000 acre- fee t  40,000 acre- fee t  52,000 acre- fee t  

3. Area of r e s e ~ o i r  a t  PWS 825 a c r e s  950 a c r e s  1,180 a c r e s  

4. Type of dam Earthf  ill E a r t h f i l l  Ear thf  ill 

5. Height of dam 160 f e e t  190 f e e t  150 f e e t  I , 6. Volume of dam 1,900,000 cubic  yards  1,000,000 cub ic  ya rds  1,050,000 cub ic  y a r d s  
Cn 

7. Normal water  s u r f a c e  e l e v a t i o n  1,160 f e e t  1,015 f e e t  2,654 f e e t  

8. Maximum water  s u r f a c e  e l e v a t i o n  1,170 f e e t  1,025 f e e t  2,686 f e e t  

9. Maxinum s t o r a g e  53,000 acre-feet  54,000 acre- fee t  I 
10. Minimum s t o r a g e  10,000 acre- fee t  10,000 acre- fee t  8,000 acre-f e e t  I 

11. Average annual  runoff  32,900 acre- fee t  98,000 acre-£ e e t  196,000 ac re - f ee t  

12. Maximum annual  runoff 62,200 acre- fee t  182,000 ac re - f ee t  429,000 ac re - f ee t  

13. E1ini11:um annual  runoff  9,600 acre- fee t  23,000 acre- fee t  32,000 ac re - f ee t  

14. Miles of road r e l o c a t e d  3.5 m i l e s  10.6 miles 

15. Cost of  p r o j e c t  $14,100,000 - 1973 $17,900,000 - 1973 $2,880,000 - 1961 
I $4,600,000 - 1973* 
I 

% 

i *Based on USBR c o s t  index. 
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TABLE A-2 

ENVIRONMENTAL EFFECTS OF THORN AND NOONING CREEK RESERVOIRS 

Nooning 
Environmental Fac to r s  Thorn Creek 

Area inundated (square mi l e s )  1 .3  1.5 

Miles of s h o r e l i n e  2 5 2  7 

Miles  of main s t ream blocked 4 12 

People d i sp l aced  50 t o  75 150 t o  200 

Deer d i sp l aced  155 9 1 

Reservoi r  f i s h  product ion F a i r  (comparable t o  Ruth 
and P i l l s b u r y  Lakes) 

Reservoir  r e c r e a t i o n  use 13,000/31,000 20,000/48,000 
(initial/maximum annual  r e c r e a t i o n  days) 

Normal r e s e r v o i r  drawdown ( f e e t )  2 5 2  5  

Rate of r e s e r v o i r  sedimentat ion Low Low 

Reservoir  water  q u a l i t y  Exce l l en t  Exce l len t  

Water q u a l i t y  below dam Good Good 

Average summer water r e l e a s e  i n  
c u b i c ' f e e t  per  second from 
r e s e r v o i r  t o  maintain 
60 c f s  a t  E t t e r sbu rg  

Average n a t u r a l  summer flow 
a t  damsite  ( c f s )  

Length of r e s e r v o i r  r e l e a s e s  cool ing  
in f luence  on s t ream (mi les )  

Miles of s t ream h a b i t a t  p o t e n t i a l l y  
enhanced by r e s e r v o i r  r e l e a s e s  
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TABLE A-3 

COMPARISON OF NATURAL LOW FLOWS ON THE MAIN 
MATTOLE RIVER WITH AUGMENTED FLOWS FROM THORN RESERVOIR 

Loca t ion  on River  
( r e a r i n g  a r e a  

s t a u o n )  

Nooning Creek 

Bear Creek 

E t t e r s b e r g  

La te  August 
Natura l  Flow 

c f  s 

4 

6 

9 

Late  August Flow With a Re lease  

Honeydew Creek 
I 

16 

floneydew 18 

Ind i an  Creek 2 0 

P e t r o l i a  25 

From Thorn 
40 c f s  

40 

42 

45 

5 2 

54 

56 

6 1 

Reservoi r  o f :  
55 c f s  

5 5 

5 7 

6 0 

6 7 

69 

71 

7 6 



A P P E N D I X  B 

A P P E N D I X  R.  CORRESPONDENCE WITH MUbIBOLDT AND MENDOCINO C O U N T I E S  
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RONALD REAGAN, Governor t . STATE OF CALIFORNIA-RESOURCES AGENCY - - 
DEPARTMENT OF WATER RESOURCES 
NORTHERN DISTRICT 
2440 MAIN STREn 
P.0. BOX 607 
RED BLUFF 96080 It 

. I.. 
December 13, 1971 

I 
'7 

Mr. Guy C.  Kulstad, Director 
Department of Pub1 i c Works 
Humbol d t  County 
1106 Second Street  
Eureka, Cal i forni a 95501 

1 
Dear Guy: 

1 
The Department of Water Resources on July 1 ,  1971 in i t i a t ed  

a Fishery and Wildlife Enhancement Study of coastal streams in Humboldt . . 
and Mendocino Counties. The objective of t h i s  investigation i s  to  
study streams that  have enhancement poss ib i l i t ies  and to  select  one 
or two for  detailed evaluation. 

This program, which i s  being conducted in cooperation with 
the Department of Fish and Game, i s  in i t s  infancy; consequently, no 
plans have as yet been formulated although we have made preliminary 
f ie ld  investigations of some enhancement poss ib i l i t i e s .  

To properly perform th i s  investigation we feel  t h a t  i t  
i s  essential t h a t  the desires and ideas of local agencies and 
individuals be fu l ly  considered. I would therefore 1 i ke to  suggest 
an early meeting with you and other representatives of Humboldt County. 

Some of the things we might discuss could include the 
following: 

1. What coastal streams are you most interested i n ,  
and why? 

2. Would you favorably consider construction of a 
p i lo t  dam and reservoir project on one of the small coastal 
r ivers  for streamflow improvement, sediment removal , and 
increased spawning success, or would you prefer some other 
type of project? 
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f , 
3 .  What are the types of f i sher ies  enhancement you F / desire? Llst  in order of importance. 

j :: 

a. Increased commercial ocean salmon fishing. 
b. Increased ocean sport salmon fishing. 
c. Increased r iver  sport salmon fishing. 
d. Increased r iver  sport  steelhead fishing. 
e. Increased reservoir trout fishing. 
f .  Increased summer t rout  fishing ( for  year1 ing 

s teel  head) and streamside recreation. 

4. Would you consider making a declaration by the 
Board of Supervisors to  have a stream such as Redwood 
Creek, the Upper Van Duzen River, or the Mattole River 
declared a public highway for  fishing purposes, as i s  
provided in the California Fish and Game Code Appendix 
(Sections 25660-25662). We recognize tha t  any acqui s i  tion 
of land or easement under th i s  provision should involve 
compensation t o  the landowner for  any loss he incurred. 
This land acquisition would probably be included as a 
project feature and would therefore be considered as a 
project cost. 

5. What are  the names, addresses, and phone numbers 
of four or f ive  Humboldt County residents,  other than 
county o f f i c i a l s ,  who are knowledgable on f i sher ies  and 
who might be interested in th i s  program? 

6. In what other ways should the county be involved 
in the f ishereis  and wild1 i f e  enhancement study? 

*> 
.; If  you feel that  such a meeting would be productive, you 
C 
*' - --g. .- might suggest a couple of open dates in early January, and we will 
-- 

> "  arrange to  meet with you and others on one of them. 
J':; 

cc: Dr. Richard L .  Ridenhour 
Office for Academic Affairs 
Humboldt State  Col lege 
Arcata, California 95521 

Sincerely yours, 

* 
--9 - .%\r~.,Thl~ %A 
Albert J .  Do1 k' ni 
Dis t r ic t  Engineer 
Northern Dis t r ic t  



DEPARTMENT OF PUBLIC W O R K S  

C O U N T Y  O F  H U M B O L D T  
1106 SECOND STREET. EUREKA. CALIFORNIA 95501 

PHONE C7071 445-749  1 

May 5, 1972 

Mr. Albert J. Dolcini 
District Engineer 
Department of Water Resources 
Northern District 

P. 0. Box 607 
Red Bluff , California 

Attention: Mr. Ed Barnes 

Re: Board of Supervisorst Recommendations Regardinq 
Coastal Streams 

Dear Mr. Dolcini: 

Attached for your information is a copy of the Board Order 
dated April 25, 1972, and the letter to the Board of Supervisors 
dated April 12, 1972, indicating the County's position regarding 
your Fisheries and Wildlife Enhancement Program. 

If you have any further questions or comments, it is suggested 
that you give me a call or drop me a note. 

Very truly yours, 

, 
GUY C. WLSTAD, P. E. 
Director 

Attachment 
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BOARD OF SUPERV (VI SOPS j COUIITY OF HGMBOLDTJ S T A T E  OF C A L I F O R N I A  
Copy o f  p o r t i o n  o f  proceedings, Meet ing on A p r i  1 25, 1972 

WATER COMMITTEE ' S RECOMMENDATIONS 
RE WATER REQUIREMENTS AND WATER 
RESOURCES APPROVED, PUBLIC WORKS 
TO FORWARD TO DEPT. OF WATER RESOURCES 

T h i s  Board o f  Superv isors  hereby approves t h e  Humboldt County 

Water C o m i  t t e e ' s  recommendations on t h e  Department o f  Water Resources ' 
l e t t e r  da ted  December 13, 1971, r e g a r d i n g  Humbol d t  County Requirements 

and Water Resources, Phase 1 and 2 .  

The D i r e c t o r  o f  P u b l i c  Works i s  d i r e c t e d  t o  f o rwa rd  s a i d  recommendations 

t o  A l b e r t  J. D o l c i n i ,  D i s t r i c t  Engineer, Department o f  Water Resources. 



A p r i l  12, 1972 

Board o f  Supervisors 
County o f  Humboldt 
Courthouse 
Eureka, C a l i f o r n i a  95501 

A t ten t i on :  M r .  Richard M i  1  b r o d t  
Admin i s t ra t i ve  O f f i c e r  

Re: Water Conmi t t e e ' s  Recommendations on Department o f  
h a t e r  Resourcesi L e t t e r  Dated December 13, 1971 

Gent 1  emen : 

The Water Committee has reviewed the  at tached l e t t e r  and wishes t o  
nake the  f o l l o w i n g  recommendations: 

(1 ) "What coasta l  streams a re  you most i n t e r e s t e d  i n ,  and why?" 

The order  o f  p r i o r i t y  would be the  Ma t to le  River ,  t h e  Van 
Duzen R iver  and Redwood Creek. This  i n v e s t i g a t i o n  would 
be cons i s ten t  and compatible w i t h  Humboldt County's Water 
Pol i c y  and t h e  Consul tant  I s  recommendations i n  t h e i r  r e p o r t s  
t i t l e d  "Humboldt County Water Requirements and Water 
Resources", Phase 1  and 2. 

p r o j e c t ? "  

The Committee favored the  p i l o t  dam and r e s e r v o i r  p r o j e c t  
on a  small coas ta l  stream and i t was a l s o  f e l t  t h a t  consider-  
a t i o n  should be g iven t o  a  f i s h  hatchery, a  water s tudy o f  a  
coasta l  stream, f i s h  r e a r i n g  ponds, and resources ana lys i s .  

( 3 )  nWhat a re  the  type o f  f i s h e r i e s  enhancement you des i re?  L i s t  
3n  order  o f  importance." 

a. " Increased commercial ocean salmon f i sh ing . "  
b. Tncreased  r i v e r  s p o r t  s t e e l  head f i s h i n g . "  
c. " Increasedocean s p o r t  salmon f i ~ h i n g , ~ '  
d. " Increased r i v e r  s p o r t  salmon f i sh ing . "  
e. =Increased r e s e r v o i r  t r o u t  f i sh ing . "  
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Board o f  Supervisors 
A p r i l  12, 1972 
Page -2- 

"Would you consider  making a d e c l a r a t i o n  by the  Board o f  
Superv isors t o  have a stream such as Redwood Creek, the  
upper Van Duzen River ,  o r  t h e  M a t t o l e  R ive r  declared a p u b l i c  
Fiighway f o r  f i s h i n g  purposes, as i s  p rov ided i n  t he  C a l i f o r -  
n i a  F i sh  and Game Code Appendix (Sect ions 25660-25662)? We 
recognize t h a t  any a c q u i s i t i o n  o f  l a n d  o r  easement under t h i s  

r o v i s i o n  should i n v o l v e  compensation t o  the  landowner t o r  any 
oss he incur red .  Th is  l and  a c q u i s i t i o n  would probably be 

inc luded as a p r o j e c t  f e a t u r e  and would t h e r e f o r e  be considered 
as a p r o j e c t  cost."  

(Same answer as 1\10. 2 )  

(5)  "What a r e  the names, addresses, and phone numbers o f  f o u r  o r  
T i v e  Humboldt County res idents ,  o t h e r  than County o f f i c i a l s ,  
who a re  knowledgable on f i s h e r i e s  and who might  be i n t e r e s t e d  
i n  t h i s  program?" 

The C o m i t t e e  recommended t h a t  t h e  Humboldt County F i sh  and 
Game Committee and the  Water Committee be l i s t e d  as the o f f i c i a l  
contacts.  

(6 )  " I n  what o the r  ways should t h e  County be i nvo l ved  i n  the  f i s h e r i e s  
and w i  l d l  i f e  enhancement s tudy?" 

Mr.  Donald T u t t l e ,  Parks Coordinator ,  i s  i nvo l ved  i n  t h i s  type 
o f  e f f o r t .  

No o the r  recommendations were made by the  Committee. 

Very t r u l y  yours, 

GUY C. KULSTAD, P. E. 
D i  r e c t o r  

Attachment 
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STATE OF  CALIFORNIA-RESOURCES AGENCY RONALD REAGAN, Governor 
i 

DEPARTMENT OF WATER RESOURCES 
NORTHERN DISTRICT 
2440 M A I N  STREET 

' P.O. BOX 607 
RED BLUFF 96080 

@ -  
November 26, 1971 

Mr. A1 bert Be1 trami , Admini strator 
County of Mendocino 
Courthouse 
Ukiah, Cal i forni a 95482 

Dear A1 : 

During our discussion of November 15 in Ukiah with Supervisors 
Barbero and Galletti, you asked me to out1 ine the role we expect Mendocino 
County to play in our fisheries enhancement program. 

As was mentioned, fisheries enhancement involves not only 
i ncreasi ng the number of fish in North Coastal. streams, it a1 so includes 
making the streams more available for fishing. As Mr. Barbero pointed 
out, increasing the fish populations will have little value unless they 
will be available to the fishermen. 

Prior to selection of promising fisheries and wi Id1 ife enhance- 
ment projects, we would like to have your County's view on the following 
questions . 

1. What coastal streams are you the most interested in, and why? 

2. . Would you favorably consider construction of a pilot dam and 
reservoir project on one of the small coastal rivers for 
streamflow improvement, sediment removal and increased 
spawning success, or would you prefer some other type of 
project? 

3 .  What are the types of fisheries enhancement you desire? 
List in order of importance. 

a. Increased commercial ocean salmon fishing, 
b. Increased ocean sport salmon fishing. 
c. Increased river sport salmon fishing. 
d. Increased river sport steel head fishing. 
e. Increased reservoir trout fishing. 
f. Increased summer trout fishing (for year1 ing steel head) 

and streamside recreation. 
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Mr. A1 b e r t  Be1 tram1 November 26, 1971 

4. Would you  cons ider  making a  d e c l a r a t i o n  by t h e  Board o f  
Superv iso rs  t o  have a  s t ream such as t h e  Noyo, Tenmile,  
Garcia,  o r  Navarro dec la red  a  p u b l i c  highway f o r  f i s h i n g  
purposes, as i s  p rov ided  i n  t h e  C a l i f o r n i a  F i s h  and Game 
Code Appendix (Sec. 25660-25662). We recogn i ze  t h a t  any 
a c q u i s i t i o n  o f  l and  o r  easement under t h i s  p r o v i s i o n  
should i n v o l v e  compensation t o  t h e  landowner f o r  any l o s s  
he i ncu r red .  Th i s  l a n d  a c q u i s i t i o n  would p robab l y  be 
i n c l u d e d  as a  p r o j e c t  f e a t u r e  and would t h e r e f o r e  be 
cons idered  as a  p r o j e c t  cos t .  

5 .  What a r e  t he  names, addresses, and phone numbers o f  4 o r  
5 Mendocino County res iden t s ,  o t h e r  t han  coun ty  o f f i c i a l s  , 
who a r e  knowledgable on f i s h e r i e s  and who m igh t  be i n -  
t e r e s t e d  i n  t h i s  program? 

6. I n  what o t h e r  ways should t h e  County be i n v o l v e d  i n  t h e  
f f  s h e r i e s  and w i l d l i f e  enhancement s tudy?  

We would app rec ia te  comments on t h e  above ques t i ons  by e a r l y  
January.  

The f o l  1  owing i s  a  1  i s  t o f  some o f  t h e  f a c t o r s  we cons ide r  o f  
impor tance i n  s e l e c t i n g  streams f o r  p o s s i b l e  p i  l o t  f i s h e r i e s  enhancement 
p r o j e c t s .  

1. The s t ream must be f a i r l y  smal l  such t h a t  t h e  e f f e c t s  o f  
c o n s t r u c t i o n  o f  a p i l o t  p r o j e c t  can be p r o p e r l y  eva luated.  

2. There must be a  reasonably  good r e s e r v o i r  s i t e  h i g h  up i n  
t h e  watershed so as t o  produce s u f f i c i e n t  s t reamf low 
enhancement water.  w h i l e  a t  t he  same t i m e  n o t  b l o c k i n g  o f f  
a  s i g n i f i c a n t  p o r t i o n  o f  t h e  salmon and s t e e l  head spawning 
area. 

3 .  The s t ream must be p h y s i c a l l y  a c c e s s i b l e  such t h a t  f i s h e r -  
men can walk s a f e l y  a l ong  t h e  s t r e a s  channel and banks, 
and roads and t r a i l s  must be a v a i l a b l e  a t  reasonable 
i n t e r v a l  s. 

4. Legal p u b l i c  access must be a v a i l a b l e  e i t h e r  by  t h e  s t ream 
p r e s e n t l y  be ing  i n  p u b l i c  ownership, by o b t a i n i n g  long-  
t e rm  leases  f rom p r i v a t e  co rpo ra t i ons ,  o r  by a c q u i s i t i o n  
as a  p a r t  o f  t h e  p r o j e c t  -- under Sec. 25660-25662 o f  t h e  
C a l i f o r n i a  F i s h  and Game Code -- o r  some o t h e r  l e g a l  means. 



Mr. A1 bert  Be1 trami November 26, 1971 

5. The stream must have s ignif icant  present fish populations, 
or strong evidence that  new runs can logically be developed 
by the project. This will require an inventory of avail-  
able spawning gravel s ,  holding pool s,  nursery areas,  food 
supplies, and an estlmate of f i sh  populations, past and 
present. 

As we proceed w i t h  our Fisheries and Wildlife Enhancement Study, 
we desire to  work closely with your County to  get your ideas, desires,  and 
help in making a study that  w i  11 have your concurrence and support. I t  
would be helpful i f  you would designate a county representative as  contact 
on th i s  study, 

I enjoyed the recent meeting w i t h  you and members of your Board 
and am looking forward to  meeting w i t h  you again soon. 

Sincerely yours, 

Q x h d j w a  
A1 bert  J: Dolcini 
Dis t r ic t  Engineer 
Northern Dis t r ic t  
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ALBERT P. BELTRAMI 
COUNTY ADMINISTRATOR 
PURCHASING AGENT 

COUNTY OF MENDOCINO 
ADMINISTRATIVE OFFICE 

COURTHOUSE 
UKIAH, CALIFORNIA 

95482 

Mr. A lb er t  J .  Do lc in i ,  Dis t r ic t  Engineer 
Nor thern Dis t r i c t ,  Department of Water  Resources  
244.0 Main S t r e e t  - P. 0.  Box 607 
Red B luff,  Ca lifornia 9 6080  

I Dear A 1: 

I'ELEPHONE 
462 - 4731 

EXT. 211 

In response '  t o  your le t te r  of November 2 6 ,  1971, r e l a t ive  to  the f i sh  enhancement  
program, the  B oard of S upervisors  h a s  r ece ived  the  recommendations of the i r  F ish  
and Game Advisory Committee and h a s  a s k e d  me t o  forward the  following a n s w e r s  
t o  the  q u e s t i o n s  tha t  were included in your le t te r :  

1 .  While most of the c o a s t a l  s t r eams  a r e  worthy of f i she r i e s  enhancement  
p r o  g rams ,  the Board spec i f i ca l ly  d e s i g n a t e d  , i n  order  of preference ,  the  
Navarro,  the  Noyo and B ig River. 

2.  The Board would favorably c o n s i d e r  c o n s t r u c t i o n  of a pi lot  dam and r e s -  
ervoir  project  on one of the c o a s  ta 1 r ivers  for s treamflow improvement,  s e d i -  
ment removal and inc reased  spawning s u c c e s s ,  but  would a l s o  l ike  t o  s e e  a 
rearing pond or smal l  hatchery concep t  included a s  we l l ,  b e c a u s e  01 the  s e r -  
ious  need for t h e s e  f a c i l i t i e s .  

3 .  In order  of importance,  the Board recommends:  

a .  Inc reased  commercial ocean  sa lmon f i sh ing . 
b .  Inc reased  ocean  sport  s a  lmon f i sh ing .  
c . Inc reased  r iver  sport  s a  lmon f i sh ing .  
d . Inc reased  r iver  sport  s t ee lhead  f i sh ing .  
e  . Inc reased  reservoir  trout f i s h i n g ,  no  recommendation.  
I .  The Board i s  opposed t o  inc reased  summer trout f i sh ing and  s t r eams ide  

rec rea t ion .  

4 .  The Board would cons ide r  making a dec la ra t ion  to  have  che Navarro River 
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A lbert  J. Dolc in i ,  Dept .  of Water  Recources 
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dec la red  a public highway for f i sh ing  purposes .  

5.  Names and a d d r e s s e s  of pe r sons  who would be  in teres ted  in  this Progra 
are:  

Ray W e l s h ,  Rt. 1, Box 230 ,  Fort Bragg - 964-2811 
Frank Haun,  Trailer C o v e ,  Fort Bragg - 964-5873 
Wm. Grader ,  Fort Bragg - 964-3339 
Ed C a d d ,  625 Holden S t ree t ,  Ukiah - 462-4891 
Londo Franci ,  Surf Mote l ,  Guala la  - 884-3571 

All members of the  Fish  and Game Advisory Committee would l ike  t o  b e  in- 
c luded  in  d i s c u s s i o n s .  Their names a n d  a d d r e s s e s  arc:  

Robert L. Zaina ,  2440 S . Sta te  S t r ee t ,  Ukiah - 462-7944 
Ed W a l s h ,  LO Mil l  Cour t ,  Ukiah - 462-4560 
Glenn Carbrey ,  7 1 Madrone Dr. , Will i t s  - 459-5930 
Frank Petersen ,  S r . ,  Alder & McKinley S t s . ,  Fort Bragg - 964-2805 
Leonard Cra ig ,  Point Arena - 882-2249 

The County wi l l  coopera te  in the planning a n d  development staqcs of the f i s h e r i e s  
and wildl ife  enhancement s tudy  a s  appropriate in eve ry  fashion p o s s i b l e *  

We look forward t o  working with you on th is  project  and  await: your answer .  

S incere ly ,  

Albert P. Deltrami 
County Administrator 


