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ABSTRACT 
D i s t r i b u t i o n  of anadromous salmonids and c o n i f e r o u s  f o r e s t  c o i n c i d e s  a long 

much of t h e  P a c i f i c  s lope ;  consequent ly ,  t h e  h a b i t a t  of anadromous ' f i s h  i s  
s u b j e c t  t o  a wide v a r i e t y  of s i l v i c u l t u r a l  t r e a t m e n t s  r equ i red  t o  e s t a b l i s h  
and n u r t u r e  young f o r e s t s .  S i l v i c u l t u r a l  t r e a t m e n t s  d i scussed  i n  t h i s  r e p o r t  
inc lude  c u t t i n g  p r e s c r i p t i o n s ,  broadcas t  burning,  mechanical s i te  p r e p a r a t i o n ,  
p l a n t i n g ,  and compet i t ion  reduct ion .  Timber h a r v e s t ,  and use  of p e s t i c i d e s  
and f e r t i l i z e r s  a r e  d iscussed i n  o t h e r  paper s  i n  t h i s  series. Broadcast  
burning and machine s c a r i f i c a t i o n  and p i l i n g  can i n c r e a s e  sedimenta t ion  and 
thermal  h e a t i n g  of streams and have t h e  p o t e n t i a l  t o  damage h a b i t a t  of 
anadromous f i s h .  Habi ta t  damage u s u a l l y  does n o t  occur ,  however, because of 
t h e  l i m i t e d  e x t e n t  of t r ea tmen t s .  The h i g h e s t  r i s k  of h a b i t a t  damage from 
s i l v i c u l t u r a l  a c t i v i t i e s  occurs  i n  sma l l  streams i n  a r e a s  wi th  e r o s i v e  s o i l s  
and high r a i n f a l l ,  o r  with h igh summer s o l a r  r a d i a t i o n  and l o w  streamflow. 
S i l v i c u l t u r a l  a c t i v i t i e s  d i scussed  i n  t h i s  paper  a f f e c t  f i s h  h a b i t a t  f a r  less 
t h a n  t imber  h a r v e s t  o r  road c o n s t r u c t i o n  a c t i v i t i e s .  

KEYWORDS: S i l v i c u l t u r a l  t r ea tmen t s ,  f i s h  h a b i t a t ,  anadromous f i s h ,  salmonids. 
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PREFACE 
This  i s  one of a series of p u b l i c a t i o n s  summarizing knowledge about t h e  

i n f l u e n c e s  of f o r e s t  and rangeland management on anadromous f i s h  h a b i t a t  i n  
Western North America. This  paper  addresses  t h e  e f f e c t s  of s i l v i c u l t u r a l  
t r e a t m e n t s  on anadromous f i s h  h a b i t a t .  Our i n t e n t  i s  t o  provide  managers and 
u s e r s  of f o r e s t s  and rangelands wi th  t h e  m o s t  complete informat ion a v a i l a b l e  
f o r  e s t i m a t i n g  t h e  consequences of va r ious  management a l t e r n a t i v e s .  

I n  this series of papers ,  w e  summarize publ ished and unpublished r e p o r t s  
and d a t a  as w e l l  as obse rva t ions  of r e source  s c i e n t i s t s  and managers. These 
compi la t ions  should be va luab le  t o  r e source  managers i n  p lanning u s e s  of f o r e s t  
and rangeland resources ,  and t o  s c i e n t i s t s  i n  p lanning f u t u r e  research.  The 
e x t e n s i v e  l is ts  of r e fe rences  se rve  a s  a b ib l iography on f o r e s t  and rangeland 
resources  and t h e i r  uses .  

Previous  p u b l i c a t i o n s  i n  t h i s  series inc lude :  

1. " H a b i t a t  requi rements  of anadromous salmonids,  I' 

by D. W.  R e i s e r  and T,  C. Bjornn. 
2 .  "Impacts of n a t u r a l  e v e n t s ,  by Douglas N .  Swanston. 
4.  "Planning f o r e s t  roads  t o  p r o t e c t  salmonid h a b i t a t , "  

by C a r l t o n  S. Yee and Ter ry  D. Roelofs.  
7. " E f f e c t s  o f  l i v e s t o c k  g r a z i n g , "  by W i l l i a m  S .  P l a t t s .  
8.  " E f f e c t s  of mining,"  by Susan B. Martin and W i l l i a m  S. P l a t t s .  

11. "Process ing m i l l s  and camps," by Donald C .  Schmiege. 
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COMMON AND SCIENTIFIC NAMES OF TROUT, SALMON, AND CHARRS-- 
FAT4ILY SALMON IDA&/ 

Common name S c i e n t i f i c  name 

Pink salmon 
Chum salmon 
Coho salmon 
Sockeye salmon ( kokanee) 
Chinook salmon 
Cut t h r o a t  t r o u t  
Rainbow ( s t e e l h e a d  t r o u t )  
A t l a n t i c  'salmon 
Brown t r o u t  
A r c t i c  c h a r r  
Brook c h a r r  
Dolly Varden 
Lake c h a r r  
B u l l  c h a r r  

Oncorhynchus gorhuscha ( Walbaum) 
Onc orhync hus  ke t a ( Wa 1 baum ) 
Oncorhynchus k i s u t c h  (Walbaum) 
Oncorhynchus nerka (Walbaum) 
Oncorhynchus tshawytscha (Walbaum) 
Salmo c l a r k i  Richardson 
Salmo g a i r d n e r i  Richardson 
Salmo sa la r  Linnaeus 
Salmo t r u t t a  Linnaeus 
S a l v e l i n u s  a l p i n u s  (Linnaeus ) 
S a l v e l i n u s  f o n t i n a l i s  ( M i t c h i l l )  
S a l v e l i n u s  m a l m a  (Walhaiim) 
S a l v e l i n u s  namaycush (Walbam) 
S a l v e l i n u s  conf l u e n t u s  (Suckley)  

-- 

-- 
-- 

L/Adapted from "A l i s t  of common and s c i e n t i f i c  names of f i s h e s  from t h e  United 
S t a t e s  and Canada, '' American F i s h e r i e s  Soc ie ty  S p e c i a l  P u b l i c a t i o n  Z?o. 6. 3rd 
ed.,  1970.  1 5 0  p. 



I n  a d d i t i o n  t o  anadromous f i s h ,  
f o r e s t e d  watersheds of t h e  W e s t  pro-  
duce an a r r a y  of n a t u r a l  resources ,  
i nc lud ing  a v a r i e t y  of wood products .  
Product ion a r e a s  of both t imber  and 
f i s h  co inc ide  a long much of t h e  
P a c i f i c  s lope  ( f i g .  11, and t h e  
inc reas ing  p u b l i c  demand f o r  both of 
t h e s e  resources  c r e a t e s  f r equen t  
management c o n f l i c t s .  Simultaneous 
product ion  of t imber  and anadromous 
f i s h  a r e  not t o t a l l y  compatible i n  a 
watershed but  n e i t h e r  a r e  they mutu- 
a l l y  exc lus ive  (e.g. ,  Lantz 1971) . 
Under most circumstances,  both t imber  
and f i s h  can be s u c c e s s f u l l y  managed 
i n  t h e  same watershed i f  measures t o  
p r o t e c t  water  q u a l i t y  and f i s h  h a b i t a t  
a r e  c a r e f u l l y  coordina ted  wi th  t imber  
management p lans .  

INTRODUCTION 
Waters i n  f o r e s t e d  l ands  of t h e  

P a c i f i c  s lope  of  North America a r e  
major producers  of anadromous salmon 
and t r o u t .  
salmonids i n h a b i t  f r e s h  and marine 
wa te r s  of  much of t h e  P a c i f i c  North- 
w e s t ,  western Canada, and Alaska. 
There are f i v e  P a c i f i c  salmon-- 
chinook, coho, sockeye, chum, and 
p ink;  two t rou t- - s tee lhead  rainbow 
and c o a s t a l  c u t t h r o a t ;  and one charr- -  
Dolly Varden. 

E igh t  s p e c i e s  of anadromous 

The s i z e  of t h e  resource  i s  l a r g e ,  
but  it i s  d iminish ing  a s  a r e s u l t  of 
human a c t i v i t i e s  and c u r r e n t l y  repre-  
s e n t s  only a f r a c t i o n  of i t s  o r i g i n a l  
s i z e .  C o l l e c t i v e l y ,  many m i l l i o n s  of 
a d u l t  anadromous salmonids s t i l l  
reproduce i n  t h e s e  western waters  
annual ly ,  and t h e  ha rves t ab le  s u r p l u s  
from Nat ional  F o r e s t s  a lone  provided 
about 5 m i l l i o n  angler- days of r ec re-  
a t i o n  i n  1977 (Everes t  and Summers, i n  
p r e s s ) ,  and a commercial ha rves t  of 
more than  76 m i l l i o n  pounds. Figure 1 .- - Dis t r ibut ion  of con i f e rous  

f o r e s t  and anadromous salmonids i n  
western North America. 

I 
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S i l v i c u l t u r i s t s  make many dec i-  
s i o n s  w i t h  p o t e n t i a l  consequences f o r  
h a b i t a t  of anadromous salmonids. They 
p r e s c r i b e  where, when, and how t imber  
w i l l  h harves ted ,  t h e  t r a n s p o r t a t i o n ,  
yard ing ,  and f e l l i n g  systems t h a t  w i l l  
be used,  and what t r e e s  w i l l  be l e f t  
t o  produce seed o r  p r o t e c t  s t reams.  
S i l v i c u l t u r a l  d e c i s i o n s  e s t a b l i s h  t h e  
framework wi th in  which t imber w i l l  be 
managed on a cont inuing  b a s i s ,  and 
thereEore  a r e  of utmost importance t o  
f i s h e r y  managers. S i l v i c u l t u r a l  and 
as soc i a t  ed a c t i v i t i e s  have been 
d iv ided  i n t o  s e v e r a l  broad s u b j e c t  
a r e a s  f o r  t h i s  compendium; r e p o r t s  on 
timber ha rves t ,  f o r e s t  roads,  and 
€ o r e s t  chemicals a r e  d iscussed  i n  
o t h e r  papers .  

S i l v i c u l t u r a l  a c t i v i t i e s  which are 
used t o  e s t a b l i s h  and nu r tu re  a f o r e s t  
s t and  a r e  d iscussed  i n  t h i s  r e p o r t  
(paper 6 ) .  These inc lude  (1) s p e c i a l  
c u t t i n g  p r e s c r i p t i o n s  such a s  smal l  
c l e a r c u t t i n g s  and shelterwood c u t t i n g s  
t o  improve n a t u r a l  r egene ra t ion ;  ( 2 )  
s i t e  p r e p a r a t i o n  by broadcas t  burning,  
r ipp ing ,  o r  s c a r i f i c a t i o n ;  ( 3 )  f i r e  
hazard reduct ion  by c o n t r o l l e d  broad- 
c a s t  burning or machine p i l i n g  and 
burning;  ( 4 )  a r t i f i c i a l  r egene ra t ion  
by p l a n t i n g  or seeding;  and ( 5 )  compe- 
t i t i o n  reduct ion  by brush removal and 
precommerc i a l  th inning .  

The gene ra l  kinds of e f f e c t s  on 
anadromous f i s h  h a b i t a t  r e s u l t i n g  from 
s i l v i c u l t u r a l  a c t i v i t i e s  d iscussed  i n  
this r e p o r t  a r e  t h e  same a s  thcxe  
r e s u l t i n g  from t i m b e r  ha rves t  a c t i v i -  
t ies  a s  desc r ibed  i n  paper  3.21 
The s e v e r i t y  of t h e  e f f e c t s  of s i l v i -  
c u l t u r a l  a c t i v i t i e s ,  however, i s  
gene ra l ly  much less than  t imber 
ha rves t  a c t i v i t i e s  because t h e  
temporal  and s p a t i a l  i n t e n s i t y  of 
s i l v i c u l t u r a l  a c t i v i t i e s  i n  a 
watershed i s  less. 

L’Chamberlin, T. W. I n f luence  of  
f o r e s t  and rangeland management on 
anadromous f i s h  h a b i t a t  i n  Western 
North America: 3 .  T i m b e r  h a r v e s t ,  
Gen. Tech. Rep. PNW-136, Por t l and ,  
OR: U . S .  Department of Agr i cu l tu re ,  
F o r e s t  Se rv ice ,  P a c i f i c  Northwest 
F o r e s t  and Range Experiment S t a t i o n .  
Manuscript i n  p r e p a r a t i o n ,  

GENERAL HABITAT 
REQUIREMENTS OF 
ANADROMOUS SALMONIDS 

Anadromous salmonids u t i l i z e  both  
f r e shwa te r  and marine environments and 
have r a t h e r  exac t ing  h a b i t a t  require- 
ments. A l l  s p e c i e s  reproduce i n  f r e s h  
water  and most j u v e n i l e s  r e a r  t h e r e  
f o r  some t i m e  before  migra t ing  t o  sea  
where they  mature . Freshwater h a b i t a t  
requirements  vary s l i g h t l y ,  but  a l l  
s p e c i e s  sha re  some common requ i r e-  
ments. For optimum production,  a l l  
s p e c i e s  require coo l  flowing waters  
(5.6-14.6’C p r e f e r r e d )  ; f r e e  migratory 
access t o  and from t h e  sea :  c l e a n  
g r a v e l  s u b s t r a t e  (<lo p e r c e n t  sediment 
smaller t h a n  1-mm d iameter )  f o r  
reproduct ion;  water of low t u r b i d i t y  
(<50 NTU (nephelometr ic  t u r b i d i t y  
u n i t s )  dur ing  t h e  growing season ( f o r  
s i g h t  f e e d i n g ) ;  h igh  l e v e l s  of dis- 
so lved  oxygen (>6 mg/ l i t e r )  i n  streams, 
l akes ,  and i n t r a g r a v e l  environment; 
and i n v e r t e b r a t e  organisms f o r  food. 
Species  p r e f e r e n c e s  f o r  t h e s e  
parameters  vary s l i g h t l y  and a r e  
p re sen ted  i n  d e t a i l  by Reiser and 
B j  ornn ( 1979 ) . S u b s t a n t i a l  d e v i a t i o n s  
from optimum cond i t ions  can markedly 
reduce production.  

HABITAT UTILIZATION IN 
TIME AND SPACE 

Temporal and s p a t i a l  u t i l i z a t i o n  
of o t h e r  f e a t u r e s  of t h e  a q u a t i c  
environment vary s i g n i f i c a n t l y  and a r e  
related t o  s u b t l e  d i f f e r e n c e s  i n  
morphology, physiology, and behavior  
of spec ies .  Preferences  f o r  d i f f e r e n t  
water depths  and v e l o c i t i e s ,  food 
organisms, cover,  and s u b s t r a t e ,  a s  
w e l l  a s  d u r a t i o n  of res idence  i n  f r e s h  
w a t e r ,  and t iming of migra t ion  and 
reproduct ion ,  t end  t o  keep s p e c i e s  
e c o l o g i c a l l l y  i s o l a t e d  from one 
another  i n  t i m e  o r  space dur ing  
f r e shwa te r  residency.  Since mast 
streams c o n t a i n  s e v e r a l  spec ie s  of 
anadromous salmonids with s l i g h t l y  
d i f f e r e n t  l i f e  h i s t o r i e s  and h a b i t a t  
p re fe rences ,  and s ince  no two species 
can  occupy t h e  same e c o l o g i c a l  n iche  
a t  t h e  same t i m e ,  s u b t l e  d i f f e r e n c e s  
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i n  p r e f e r r e d  h a b i t a t  t end  t o  minimize 
compet i t ive  i n t e r a c t i o n s  between 
spec i e s ,  and maximize product ion  i n  a 
given h a b i t a t  . 

The v a r i e t y  of phys i ca l  h a b i t a t  
a v a i l a b l e  i n  f reshwater  streams i s  
l i m i t e d ,  bu t  neve r the l e s s  it o f f e r s  a n  
oppor tun i ty  f o r  eco log ica l  s p e c i a l i z a-  
t i o n  of salmonid spec ies .  For example, 
a d u l t  p ink  and chum salmon u s u a l l y  
make s h o r t  spawning migra t ions  i n t o  
f r e s h  w a t e r ,  and a f t e r  emergence, fry 
immediately migra te  t o  sea, t h u s  
avoid ing  f r e s h  water as a r e a r i n g  a rea .  
Sockeye salmon migrate  t o  i n l e t  o r  
o u t l e t  streams of l akes  where they  
spawn; a f t e r  emergence, f r y  move i n t o  
t h e  l a k e s  where they  r e a r  f o r  up t o  3 
yea r s .  Adult coho salmon make 
upstream migra t ions  of i n t e rmed ia t e  
l eng th  and spawn p r imar i l y  i n  s m a l l  
t r i b u t a r y  streams where j u v e n i l e s  rear 
i n  poo l s  f o r  about 1 yea r .  Chinook 
salmon spawn i n  both l a r g e  and s m a l l  
streams from t i dewa te r  t o  a s  f a r  a s  
1 500  km up major r i v e r s ;  r e a r i n g  
occurs  i n  p o o l s  of s m a l l ,  i n t e rmed ia t e ,  
and l a r g e  streams. F a l l  chinook f r y  
rear i n  f r e s h  w a t e r  f o r  a few months, 
whereas s p r i n g  and summer races rear 
i n  streams f o r  about  1 pear. S tee lhead  
are widely d i s t r i b u t e d  i n  l a r g e  and 
small streams, make long o r  s h o r t  
m ig ra t i ons ,  spawn i n  i n t e rmed ia t e  t o  
s m a l l  streams, and rear f o r  up t o  3 
years- - primari ly  i n  r i f f les .  
Cu t th roa t  t r o u t  gene ra l l y  make s h o r t  
spawning mig ra t i ons  t o  small ,  steep 
t r i b u t a r i e s  where r e a r i n g  occurs  f o r  
up t o  2 yea r s .  Dolly Varden make 
s h o r t  o r  long  migra t ions  i n t o  s m a l l  
streams and r i v e r s  where f r y  rear 
p r i m a r i l y  i n  p o o l s  f o r  1 t o  3 yea r s .  
Each s p e c i e s  u se s  s l i g h t l y  d i f f e r e n t  
r e sou rces  a t  d i f f e r e n t  t i m e s  and 
l o c a t i o n s ;  consequent ly,  a combination 
of species u s e s  f r e shwa te r  h a b i t a t  
more completely and produces more 
biomass t han  does any s i n g l e  spec i e s .  

When s e v e r a l  spec i e s  of anadromous 
salmonids are p re sen t  i n  a watershed 
and access i s  u n r e s t r i c t e d ,  h a b i t a t  i s  
usua l ly  f i l l e d  t o  capac i ty ,  and both 
f i s h  popu la t i on  s t r u c t u r e  and biomass 
a r e  i n  equ i l i b r ium with a v a i l a b l e  food 
and s u i t a b l e  l i v i n g  space. Any sub- 
s t a n t i a l  changes i n  h a b i t a t ,  e i t h e r  
n a t u r a l  o r  a s  a r e s u l t  of human a c t i v i -  
t ies ,  s h i f t s  t h e  equ i l i b r ium and causes  
changes i n  t h e  s t r u c t u r e  of f i s h  popu- 
l a t i o n s  . Eventua l ly  a new equ i l i b r ium 
i s  e s t a b l i s h e d  where t o t a l  p roduct ion  
of salmonids i s  e i t h e r  i nc reased  or  
decreased,  o r  p roduct ion  of one s p e c i e s  
i s  favored  over  another .  

IMPORTANCE OF SMALL 
STREAMS 

Anadromous salmonids of t h e  P a c i f i c  
s lope  u t i l i z e  a wide v a r i e t y  of streams 
ranging i n  s i z e  from headwater t r i b u -  
tar ies  t o  t h e  mainstem Columbia River.  
Spawning, migra t ion ,  and short- term 
r e a r i n g  occur  even i n  some f i r s t - o r d e r  
streams ( d e f i n i t i o n  of S t r a h l e r  1957) 
t h a t  become i n t e r m i t t e n t  o r  dry i n  
summer. The ma jo r i t y  of spawning and 
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r ea r ing  a c t i v i t y  i n  f o r e s t e d  water-  
sheds,  however, t a k e s  p l ace  i n  second- 
and th i rd- orde r  s treams i n  Oregon, 
Washington, and Alaska ( t a b l e  1), and 
second- t o  four th- order  s treams i n  
Idaho and C a l i f o r n i a .  Streams of t h i s  
magnitude a r e  usua l ly  smal l ,  y e t  
combined they account for t h e  ma jo r i ty  
of s t ream mileage a v a i l a b l e  t o  anadro- 
mous salmonids i n  most watersheds.  Re- 
product ion  of anadromous f i s h  i n  small  
s t reams i s  o f t e n  adequate t o  seed 
l a r g e r  waters  many mi l e s  downstream 
wi th  f r y .  F i r s t - o r d e r  s treams a r e  
o f t e n  i n a c c e s s i b l e  t o  anadromous 
salmonids because of b a r r i e r s  o r  s t e e p  
g r a d i e n t ;  hence they c o n t r i b u t e  l i t t l e  
o n s i t e  product ion ,  and y e t  a r e  v i t a l l y  
important  t o  t h e  q u a l i t y  of h a b i t a t  
f o r  anadromous f i s h  downstream. The 
channels  of t h e s e  s treams a c t  a s  
v i aduc t s  t h a t  c a r r y  water ,  sediment, 
n u t r i e n t s ,  and woody d e b r i s  from upper 
p o r t i o n s  of t h e  watershed t o  l a r g e r  
t r i b u t a r i e s  downstream. The q u a l i t y  
of t h e  h a b i t a t  downstream f o r  anadro-  
mous salmonids i s  determined p a r t l y  by 
how f a s t  and a t  what time these  
organic  and inorganic  m a t e r i a l s  are 
t r a n s p o r t e d  downstream. 

V U L N E R A B I L I T Y  OF S M A L L  
STREAMS 

While small  s t reams ( f i r s t -  and 
second-order ) a re  respons ib le  f o r  a 
high p ropor t ion  of anadromous salmonid 
product ion  i n  a bas in  and f o r  maintain-  
i n g  t h e  q u a l i t y  of h a b i t a t  i n  l a r g e r  
t r i b u t a r i e s  downstream, they  a r e  a l so  
t h e  s treams most e a s i l y  a l t e r e d  by 
human a c t i v i t i e s .  Small s t reams a r e  
" e x t r i n s i c "  i n  c h a r a c t e r ;  t h a t  i s ,  
they  a r e  i n t i m a t e l y  a s s o c i a t e d  with 
t h e i r  r i p a r i a n  zones and a r e  h ighly  
respons ive  t o  a l t e r a t i o n s  i n  r i p a r i a n  
vege ta t ion  and t h e  ad jacen t  watershed. 
Vegeta t ive  crown cover  i s  o f t e n  com- 
p l e t e  i n  f i r s t -  through th i rd- orde r  
s t reams,  and s i n c e  t h e  s treams a r e  
dependent l a r g e l y  on l i t t e r f a l l  f o r  
organic  energy inpu t  ( h e t e r o t r o p h i c  
sys tem) ,  any manipulat ion of t h e  
canopy o r  streambank vege ta t ion ,  o r  
any upslope a c t i v i t y  such a s  road 
development and t imber h a r v e s t ,  
c r e a t e s  immediate changes i n  s tream 
equi l ibr ium.  Removal of t h e  canopy, 
o r  i n  some c a s e s  merely a p o r t i o n  of 
it, r e s u l t s  i n  d i r e c t  s o l a r  hea t ing  of 
s u r f a c e  waters ,  a s h i f t  from a d e t r i -  
t a l  energy base t o  a s o l a r  base 

Table 1--Anadromous f i s h  use of s treams by stream orde r ,  i n  a t y p i c a l  c o a s t a l  
watershed, e a s t  f o r k  of t h e  Winchuck River, Oregon 

Percent  anadromous 
Stream o rde r  Linear  m i  l e  s Percent  t o t a l  m i l e s  f i s h  use  

I 290 48.4 8- 6 
I1 165 27.5 48.8 
I11 110 18- 4 32.5 
IV 34 5.7 10.1 

Tota l  599 100 .0  1 0 0 . 0  
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( a u t o t r o p h i c  system) , and o f t e n  
i n c r e a s e s  t h e  q u a n t i t y  of woody d e b r i s  
added t o  t h e  channels .  Road develop- 
ment, c l e a r c u t t i n g ,  s i te  p repa ra t i on ,  
and o t h e r  a c t i v i t i e s  i n  t h e  watershed 
above a stream may r a p i d l y  i nc rease  
sediment t r a n s p o r t  t o  t h e  channel.  
Changes i n  h a b i t a t  o f t e n  have a 
nega t ive  impact on product ion  of 
anadromous salmonids. 

Large s t reams,  un l ike  s m a l l  
streams, are " i n t r i n s i c "  i n  c h a r a c t e r  
because they  are not  e a s i l y  i n f luenced  
by changes i n  t h e i r  immediate environ-  
ment. Wide streams wi th  l a r g e  volumes 
of f low a r e  u s u a l l y  open t o  d i r e c t  
s u n l i g h t  bu t  are more r e s i s t a n t  t o  
s o l a r  hea t ing  and more capable of 
t r a n s p o r t i n g  sediment and woody d e b r i s .  
Human a c t i v i t i e s  a long l a r g e  streams 
can a f f e c t  t h e  q u a l i t y  of f i s h  h a b i t a t ,  
bu t  t o  a lesser degree t han  s imilar  
a c t i v i t i e s  a long  s m a l l  streams. 

Figure  2.--Zones i n  western No,rth 
America where s i l v i c u l t u r a l  t reat-  
ments have t h e  h i g h e s t  r i s k  of 
damaging h a b i t a t  of anadromous 
salmonids as a r e s u l t  of s o l a r  
hea t ing .  

Small streams s u f f e r  a g r e a t e r  r i s k  
of h a b i t a t  degrada t ion  t han  l a r g e  
streams; and soils, c l imate ,  and geo- 
morphology w i t h i n  a watershed g e n e r a l l y  
determine t h e  degree of r i s k .  The r i s k  
of f i s h  h a b i t a t  degrada t ion  r e s u l t i n g  
from s i l v i c u l t u r a l  t r ea tmen t s  i s  l i n k e d  
t o  two primary f a c t o r s :  t h e  p o t e n t i a l  
f o r  (1) inc reased  o r  decreased w a t e r  
t empera tures ,  and ( 2 )  i nc reased  sed i-  
mentat ion.  

Phys i ca l  and c l i m a t i c  f e a t u r e s  
w i th in  t h e  range of anadromous 
salmonids cause a g r e a t l y  e l e v a t e d  
r i s k  of damage i n  some geographic 
a r ea s .  Maximum r i s k  from s o l a r  
hea t ing  occurs  i n  western and nor th-  
e a s t  Oregon, western and c e n t r a l  
Washington, northwest  C a l i f o r n i a ,  and 
c e n t r a l  Idaho ( f i g .  2 ) .  These geo- 
graphic  areas produce both commercial 
t imber  and anadromous f i s h  and have 
mean monthly maximum tempera tures  i n  
Ju ly  which exceed 27'C. Damage from 
decreased  w a t e r  t empera tures  can occur  
dur ing  co ld  win te r  weather where 
i n s u l a t i n g  s t reamside  vege t a t i on  has  
been removed. High- risk areas are 
loca t ed  i n  no r the rn  and c e n t r a l  Idaho, 
n o r t h e a s t e r n  Oregon, sou theas t e rn  
Washington, no r the rn  B r i t i s h  Columbia, 
and Alaska. 
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The maximum r i s k  of damage from 
sedimenta t ion  a l s o  covers  an ex tens ive  
a r e a  ( f i g .  3 ) .  Areas of c e n t r a l  
Idaho;  northwest  C a l i f o r n i a ;  wes tern  
Oregon, Washington, and B r i t i s h  
Columbia; and sou theas t  Alaska a re  
vu lne rab le  t o  su r f ace  e ros ion  and mass 
wasting. Streams i n  mountainous a r e a s  
wi th  sedimentary o r  g r a n i t i c  s o i l s  
t h a t  r ece ive  more than  1 2 0  c m  annual  
p r e c i p i t a t i o n ,  o r  i n t e n s e  r a ins to rms  
( o r  r a i n  on snow), and t h a t  produce 
both  commercial t imber and anadromous 
f i s h  are  most vu lne rab le  t o  damage 
from sediment r e l eased  by s i l v i -  
c u l t u r a l  a c t i v i t i e s .  Fish h a b i t a t  
could  be degraded by s i l v i c u l t u r a l  
t r ea tmen t s  i n  o t h e r  geographic a r e a s ,  
but  t h e  r i s k  of damage i s  s u b s t a n t i a l l y  
lower. 

/ 

Figure 3.--Zones i n  western N o r t h  
America where s i l v i c u l t u r a l  t r ea tmen t s  
have t h e  h i g h e s t  r i s k  of damaging 
h a b i t a t  of anadromous salmonids as  a 
r e s u l t  of sedimentat ion.  

RELATION BETWEE 
F 
P 

The r e l a t i o n  between land  manage- 
ment a c t i v i t i e s  and f i s h  product ion  i s  
d i f f i c u l t  t o  p r e d i c t  q u a n t i t a t i v e l y o  
The l i n k  between watershed manipula- 
t i o n  and f i s h  product ion  i s  complex 
and depends on many v a r i a b l e s .  
Various combinations of phys i ca l ,  
c l imat ic ,  and b i o l o g i c a l  v a r i a b l e s  can 
be e i t h e r  a n t a g o n i s t i c  o r  s y n e r g i s t i c  : 
t h e r e f o r e ,  e f f e c t s  are d i f f i c u l t  t o  
p r e d i c t  . 

Some gene ra l  p r e d i c t i v e  r e l a t i o n-  
s h i p s  have been def ined ,  however, t h a t  
l i n k  changes i n  f i s h  h a b i t a t  t o  f i s h  
product ion .  Some of t h e  r e l a t i o n s h i p s  
were developed through l abora to ry  
s t u d i e s  and o t h e r s  r e s u l t e d  from f i e l d  
i n v e s t i g a t i o n s .  For example, l a b  and 
f i e l d  s t u d i e s  have demonstrated an  
i n v e r s e  r e l a t i o n s h i p  between t h e  
p ropor t ion  of f i n e  sediments (e6.4 mm- 
d i ame te r )  i n  g r a v e l s  and s u r v i v a l  t o  
emergence of salmonid f r y  ( f i g .  4). 
I f  watershed manipulat ion i n c r e a s e s  
t h e  p r o p o r t i o n  of f i n e  sediments i n  
spawning a r e a s  ( a s  determined by 
sampl ing) ,  a rough p r e d i c t i o n  of t h e  
e f f e c t s  on salmonid reproduct ion  can 
be made. P r e d i c t i n g  t h e  e f f e c t  on 
smo It product  i on ,  however , r e q u i r e  s 
a d d i t i o n a l  informat ion  because t h e  
r e a r i n g  h a b i t a t  , r a t h e r  t h a n  spawning 
success ,  might be l i m i t i n g  product ion .  

90 
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Figure  4 .  --Per- 
centage  emergence 
of fry from newly 
f e r t i l i z e d  eggs 
i n  mixtures  of 
g r a v e l  and sand. 
F ine  sediment was 
g r a n i t i c  sand 
wi th  pa r t i c l es  
less t han  6 . 4  mm 
(adapted  f rorn 
Reiser and 
Bjornn 1 9 7 9 ) .  

Percent fine sediment 
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Sediment can  a l s o  a f f e c t  t h e  r e a r i n g  
p o t e n t i a l  of streams by a l t e r i n g  sub- 
s t r a t e  composition and r i f f  le- pool  
r a t i o s .  J u v e n i l e  coho, f o r  example, 
p r e f e r  pool  h a b i t a t  ( f i g .  5 )  whereas 
j u v e n i l e  s t e e l h e a d  i n  t h e  same streams 
p r e f e r  t h e  s w i f t e r  water  of r i f f l e s  
( f i g .  6 )  . Channel aggrada t ion  r e s u l t i n g  
from sedimenta t ion  can reduce channel  

1 

0 10 20 30 40 50 60 70 80 
Pool volume (m3) 

Figure  5.--Relat ionship 
between pool  volume and 
juven i l e  coho s t and ing  
c rop  (from Nickelson,  
T. E . ;  Hafele, R. E .  
Streamflow requirements  
of  salmonids. Po r t l and ,  
OR: Oregon Department 
of F i s h  and W i l d l i f e ;  
1978; Prog. R e p .  AFS-62, 
Cont rac t  14-16-0001-77- 
538. 25 p.  

s t a b i l i t y  and reduce pool  area i n  a 
stream. The r e s u l t  could be reduced 
r e a r i n g  p o t e n t i a l  f o r  coho and 
inc reased  h a b i t a t  a v a i l a b i l i t y  f o r  
s t ee lhead .  Winter s u r v i v a l  of anadro- 
mous salmonids i n  co ld  streams (e5"C) 
i s  a l s o  reduced by f i n e  sediments.  
Juven i l e  salmonids surv ive  ha r sh  i c i n g  
c o n d i t i o n s  i n  t h e  win te r  by e n t e r i n g  
c r e v i c e s  i n  t h e  s u b s t r a t e  (Bjornn 1971, 
Everes t  1969, M i l l e r  1970) .  Carrying 
c a p a c i t y  i n  t h e  win te r  i s  reduced i f  
sediment f i l l s  t h e  c rev ices .  

cy 
E 

Surface velocity (m/s) 

Figu re  6.--Relat ionship 
between s u r f a c e  v e l o c i t y  and 
t h e  d e n s i t y  o f  y e a r l i n g  and 
o l d e r  s t e e l h e a d  t r o u t  p a r r  
(adapted from Eve re s t  and 
Chapman 1972) .  
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Rela t ionsh ips  between suspended 
sediment and (1) growth of salmonids/ 
( f i g .  71, and ( 2 )  ang le r  b e h a v i o r i i  
( f i g .  8 )  have also been documented. 

n 

Y 

5 I 0.601 
0 

0 100 200 300 
Turbidity (NTU) 

Figure  7.--Relat ionship 
between t u r b i d i t y  and 
growth of s t ee lhead  t r o u t  
f r y  (adapted from S i g l e r ,  
J. W . ;  Bjornn, T.  C.  
E f f e c t s  of  chronic  t u r -  
b i d i t y  on feeding  , growth, 
and s o c i a l  behavior  o f  
s t e e l h e a d  t r o u t  and coho 
salmon. Moscow, I D :  
Un ive r s i ty  of Idaho, 
Idaho Cooperat ive F i s h  
Research Uni t ;  1980; 
Completion R e p .  157 p . ) .  

/ S i g l e r ,  J. W e ;  Bjornn, T. C. 
E f f e c t s  of ch ron ic  t u r b i d i t y  o n  
f eed ing ,  growth, and social  behavior  
of s t e e l h e a d  t r o u t  and coho salmon. 
Moscow, I D :  Un ive r s i ty  of Idaho, Idaho 
Cooperat ive F i sh  Research Uni t ;  1 9 8 0 ;  
Completion Rep. 157 p. 

4/E)uckett, L. Sport  f i s h e r i e s  of t h e  
E e l  River ,  1972-1973. Eureka, CA: 
C a l i f o r n i a  Department of F i sh  and 
G a m e ;  1975; Memorandum Rep. 35 p.  
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Figure  8 . - -Rela t ionship  
between t u r b i d i t y  and 
ang l ing  e f f o r t ,  (adapted  
f r o m  Pucke t t ,  L .  Sport 
f i s h e r i e s  of t h e  E e l  R i v e r ,  
1972-1973. Eureka, CA: 
C a l i f o r n i a  Department of 
F i sh  and G a m e ;  1975; 
Memorandum R e p .  35 p. ) 

Because j u v e n i l e  salmonids are s i g h t  
f e e d e r s ,  suspended sediment i n  excess  
of 50 NTU a t  w a t e r  t empera tures  above 
5OC g e n e r a l l y  reduces  f eed ing  success ,  
growth, and compe t i t i ve  a b i l i t y .  Chron- 
i c a l l y  t u r b i d  waters,  p a r t i c u l a r l y  
du r ing  t h e  s p r i n g ,  can s u b s t a n t i a l l y  
reduce growth of salmonid fry A l s o ,  
ang l ing  g e n e r a l l y  ceases when suspended 
sediment concen t ra t ions  exceed 20 JTU 
(Jackson t u r b i d i t y  u n i t s ) .  Even i f  
f i s h  product ion  i s  una f fec t ed ,  ang l ing  
o p p o r t u n i t i e s  can be s u b s t a n t i a l l y  
reduced. 

The e f f e c t s  of changes i n  stream 
tempera ture  are a lso  roughly p r e d i c t -  
able .  The e f f e c t s  are most c r i t i c a l  
du r ing  t h e  summer when j u v e n i l e s  a re  
r e a r i n g ,  and dur ing  t h e  win te r  when 
embryos are incuba t ing .  I n  g e n e r a l ,  
p roduc t ion  of anadromous salmonids 
begins  t o  d e c l i n e  when summer w a t e r  
t empera tures  exceed 2OoC; t o t a l  
m o r t a l i t y  of salmonids u s u a l l y  occur s  
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if tempera tures  exceed 25OC f o r  a few 
days ( f i g .  9). Letha l  o r  n e a r- l e t h a l  
high tempera ture& o r  low tem- 
p e r a t u r e s  (Chapman 1962) can  r e s u l t  
from removal of r i p a r i a n  vege ta t ion  
border ing  streams. I f  water  temper- 
a t u r e s  i n  t h e  win te r  f a l l  low enough t o  
a l low format ion  of anchor i c e  i n  a r e a s  
where salmonid eggs a r e  incuba t ing ,  
complete m o r t a l i t y  of embryos can 
r e s u l t  (see f i g .  9 ) .  

Water temperature ("C) 

Figure  9. --Temperature p r e f  - 
erence  zone and danger zones 
f o r  i ncuba t ing  and r e a r i n g  
anadromous salmonids (adapted 
i n  p a r t  from B r e t t  1952) .  

The r e l a t i o n  between l a r g e  woody 
d e b r i s  and r e a r i n g  salmonids is  not  
w e l l  qyan t i f  i e d ,  but  some t r e n d s  have 
been noted (Baker 1979, Meehan and 
o t h e r s  1977, S e d e l l  and Tr iska  1977).  
I n  gene ra l ,  t h e  more h a b i t a t  d i v e r s i t y  
c r e a t e d  by l a r g e  woody d e b r i s ,  t h e  
g r e a t e r  t h e  r e a r i n g  p o t e n t i a l  f o r  
anadromous f i s h .  The abundance of 
j u v e n i l e  c u t t h r o a t  (and s t e e l h e a d )  i n  
second- and th i rd- orde r  s t reams is  
c l o s e l y  c o r r e l a t e d  wi th  cover  ( f i g .  l o ) ,  
and most cover  i n  smal l  f o r e s t  s t reams 
i s  provided by l a r g e  woody d e b r i s .  
Woody d e b r i s  i s  important  f o r  enhancing 

ZlMoring, J. R.; Lantz, R. L. 
Immediate e f f e c t s  of logging  on t h e  
f r e shwa te r  environment of salmonids. 
Por t land ,  OR: Oregon W i l d l i f e  
Commission, Research Divis ion;  1974; 
P ro jec t  AFS-58 F i n a l  Report. 1 0 1  p .  

r e a r i n g  h a b i t a t  du r ing  summer and f o r  
p rov id ing  s u r v i v a l  cover  i n  off- channel  
a r e a s  du r ing  win te r  f loods .  Large 
woody d e b r i s  a l s o  provides  a n u t r i e n t  
r e s e r v o i r  f o r  t h e  aqua t i c  ecosystem. 
A t  some undefined p o i n t ,  d e b r i s  loading 
i n  small  streams can become so g r e a t  
t h a t  t h e  upstream mig ra t ion  of a d u l t  
salmonids i s  stopped by b a r r i e r s ,  and 
product ion  ceases.  

The e f f e c t s  of s i l v i c u l t u r a l  
t r ea tmen t s  on r e l a t i o n s  bc :ween f i s h  
and f i s h  h a b i t a t  mentioned above a r e  
u s u a l l y  minimal. The s i l v i c u l t u r a l  
a c t i v i t i e s  d iscussed  i n  t h i s  paper  
seldom r e s u l t  i n  major changes t o  
stream h a b i t a t  of anadromous salmonids, 
and p o t e n t i a l  c o n f l i c t s  can  usua l ly  be 
mi t iga t ed  through coordina ted  planning.  

Y a 
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L u 

0.1 0.2 0.3 0.4 0.5 
Cover index 

Figure  10.- -Relat ionship 
between cover  index and 
c u t t h r o a t  t r o u t  s t and ing  
c rop  i n  t h r e e  c o a s t a l  
Oregon streams (adapted  
f r o m  Nickelson,  T. E . ;  
Re i senb ich le r ,  R. R. 
Streamflow requirements  
of  salmonids. Po r t l and ,  
OR: Oregon Department of 
F i sh  and W i l d l i f e ;  1977; 
Prog. Rep .  AFS-62, 
Cont rac t  14-16-0001- 
4247. 24 p . )  . 
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SILVICULTURAL 
TREATMENTS 
CUTTING PRESCRIPTIONS 

On a number of s i tes  throughout  t h e  
geographica l  range of anadromous f i s h ,  
s p e c i a l  c u t t i n g  p r e s c r i p t i o n s  are used 
t o  ensure  p rope r  regenera t ion .  Such 
p re sc r ip t  i o n s ,  which inc  lude s h e l t e r  - 
wood c u t s  and s m a l l  pa t ch  c l e a r c u t t i n g s  
t o  provide  a f avorab le  environment f o r  
s e e d l i n g  s u r v i v a l  and growth on dry 
sites,  may occas iona l ly  d i c t a t e  
t r a n s p o r t a t i o n  systems o r  ya rd ing  
systems t h a t  could  l e a d  t o  m o r e  e r o s i o n  
and stream sedimenta t ion  than  would 
o therwise  be t h e  case. 

For example, a p resc r ibed  s h e l t e r -  
wood c u t  might r e q u i r e  yard ing  by 
t r a c t o r  or  sk idde r  t o  protect l eave  
t rees  r a t h e r  t h a n  use of a cable system 
more t y p i c a l l y  used i n  c l e a r c u t s .  More 
h a u l  roads,  s k i d  roads,  s o i l  compaction, 
and ground d i s tu rbance  would l i k e l y  
r e s u l t  from t r ac to r  o r  sk idde r  yard ing  
(Bockheim and o t h e r s  1975, Dyrness 
1965, CJooldridge 19601, and e r o s i o n  
p o t e n t i a l  a t  t h e  s i t e  would be  
increased .  Damage t o  f i s h  h a b i t a t  
r e s u l t i n g  from such a choice of c u t t i n g  
p r e s c r i p t i o n s  might o r  might not  occur  
depending on f a c t o r s  such as e r o s i o n  
hazard,  proximi ty  t o  streams, pos t-  
yarding  t r ea tmen t ,  e tc .  The h i g h e s t  
r i s k  of damage from sedimenta t ion  would 
occur i n  areas o u t l i n e d  i n  f i g .  3.  

,”. r . 

BROADCAST BURNING 

) - 

Broadcast  burning i s  a common 
s i l v i c u l t u r a l  pract ice used t o  p repa re  
a s i t e  f o r  p l a n t i n g  or t o  reduce f i r e  
hazard.  I n  some i n s t a n c e s ,  such burn- 
i n g  may a f f e c t  anadromous f i s h  h a b i t a t  
by caus ing  e r o s i o n  and sedimenta t ion ,  
r e l e a s i n g  n u t r i e n t s ,  i n c r e a s i n g  water 
temper a t  u re  by removi ng st reams i de  
shade and by d i r e c t  h e a t i n g  d u r i n g  
burning,  and by s l i g h t l y  i n c r e a s i n g  
summer base f lows.  The most impor tant  
e f f e c t s  of burning on f i s h  h a b i t a t  
r e s u l t  from e r o s i o n  and sedimen- 
t a t i o n ;  o t h e r  e f f e c t s  are minor i n  mos 
cases. The na tu re  of t h e  e f f e c t  of 
burning depends on c h a r a c t e r i s t i c s  of 
t h e  burn i t s e l f  as  w e l l  as  physio-  
graph ic  c h a r a c t e r i s t i c s  of t h e  s i t e ,  
s o i l  p r o p e r t i e s ,  and c l imate  because 
they  all r e l a t e  t o  v e g e t a t i v e  recovery 
of t h e  s i t e  a f t e r  burning. 

t 

10 



S o i l  Heating 

The degree of damage t o  s o i l  
p r o p e r t i e s  t h a t  may, i n  t u r n ,  r e s u l t  i n  
damage t o  anadromous f i s h  h a b i t a t  i s  
d i r e c t l y  r e l a t e d  t o  t h e  degree of s o i l  
hea t ing .  During broadcas t  burning, 
92 pe rcen t  of t h e  hea t  genera ted  i s  
r e l ea sed  upward i n t o  t h e  atmosphere ; 
t h e  remaining 8 pe rcen t  absorbed a t  t h e  
s o i l  s u r f a c e  ( W e l l s  and o t h e r s  1979) 
can a l t e r  a l l  phys i ca l ,  chemical,  and 
b i o l o g i c a l  p r o p e r t i e s  of s o i l  t h a t  a r e  
dependent on organic  matter. 

The degree of hea t ing ,  which i s  
h ighly  v a r i a b l e  a t  both s o i l  su r f ace  
and s o i l  depth,  depends on (1) t ype  and 
amount of f u e l  p r e s e n t ,  ( 2 )  t h e  i n t e n-  
s i t y  of burning,  ( 3 )  t h e  na tu re  of t h e  
l i t t e r  l a y e r  i nc l u d i  ng t h i  ckne s s , 
packing,  and moisture  con ten t ,  and ( 4 )  
s o i l  p r o p e r t i e s .  If s o i l  t empera tures  
reach  t h e  p o i n t  where l i t t e r  and 
organic  m a t t e r  i n  t h e  su r f ace  l a y e r s  
are consumed, t h e  s t a b i l i t y  of s o i l  
aggrega tes  i s  a l t e r e d  and t h e  e ros ion  
hazard i s  u s u a l l y  increased .  Subsequent 
s torms might cause  ex t ens ive  t r a n s p o r t  
of sediment and n u t r i e n t s  t o  spawning 
and r e a r i n g  a r e a s  of anadromous 
salmonids. S o i l '  moisture  conten t  i s  
t h e  s i n g l e  most important  s o i l  p rope r ty  
c o n t r o l l i n g  t h e  degree of hea t ing .  
When w a t e r  i s  p r e s e n t  i n  t h e  s o i l ,  t h e  
temperature a t  any s o i l  depth does no t  
exceed 1 0 0 ° C  u n t i l  t h e  w a t e r  a t  t h a t  
depth has evaporated or moved t o  a 
lower depth  ( D e  Ban0 and o t h e r s  1976).  

F i r e  I n t e n s i t y  

The p o t e n t i a l  e f f e c t  of f i r e  on 
e ros ion ,  n u t r i e n t  loss, and u l t i m a t e l y  
on f i s h  h a b i t a t  can be es t imated  by 
a s s e s s i n g  f i r e  i n t e n s i t y .  A s  i n t e n s i t y  
of f i r e  i n c r e a s e s ,  t h e  p o t e n t i a l  f o r  
s o i l  e ro s ion ,  s u b s t a n t i a l  loss of 
n u t r i e n t s ,  and damage t o  f i s h  h a b i t a t  
i n c r e a s e s .  It i s  important  f o r  
resource  managers, t h e r e f o r e ,  t o  
determine t h e  i n t e n s i t y  of t h e  f i r e  so 
m i t i g a t i n g  t r ea tmen t s  such as g r a s s  
seeding  can be i n i t i a t e d  immediately on 
seve re ly  burned s p o t s  o r  e n t i r e  water- 
sheds. A l s o ,  i f  cond i t i ons  t h a t  can 
l ead  t o  severe  burns a r e  recognized, 
such seve re  burns may be e l imina t ed  by 
postponing burning. 

I n t e n s i t y  of a f i r e  can be c l a s s i -  
f i e d  accord ing  t o  t h e  appearance of 
l i t t e r  and s o i l  a f t e r  t h e  f i r e  ( W e l l s  
and o t h e r s  1979).  Any p a r t i c u l a r  spo t  
of a f i r e  i s  c l a s s i f i e d  l i g h t l y  burned 
i f  both l i t t e r  and duff  are scorched 
but  not  a l t e r e d  over  t h e  e n t i r e  depth.  
During moderate bu rns ,  l i t t e r  and duf f  
a r e  char red ,  but  underlying s o i l  i s  not  
v i s i b l y  a l t e r e d .  I n  s eve re ly  burned 
s p o t s ,  all t h e  organic  l a y e r  i s  
consumed, and both t h e  s t r u c t u r e  of 
minera l  s o i l  and i t s  c o l o r  a r e  v i s i b l y  
a l t e r e d .  These c r i te r ia  f o r  s p o t s  may 
be extended t o  c l a s s i f y  l a r g e r  o r  
e n t i r e  a r e a s  burned. An area i s  
c l a s s i f i e d  s eve re ly  burned i f  more t h a n  
10 pe rcen t  of it has spo t s  s e v e r e l y  
burned, more t han  8 0  pe rcen t  a t  l eas t  
moderately burned, and t h e  rest l i g h t l y  
burned. A moderately burned area has  
less than  1 0  pe rcen t  s eve re ly  burned 
but  over  15  pe rcen t  moderately burned. 
I n  a l i g h t l y  burned area, less than  
2 pe rcen t  i s  seve re ly  burned, less than  
1 5  pe rcen t  moderately burned, and t h e  
rest l i g h t l y  burned o r  not  bur-ned. 

W e l l s  and o t h e r s  (1979) s ta te  t h a t  
t h e  appearance of t h e  remaining brush 
should a l s o  be used t o  estimate f i r e  
i n t e n s i t y .  Af t e r  a l i g h t  burn, l i t t e r  
i s  singed and less than  40 pe rcen t  of 
t h e  brush canopy remains. Some l eaves  
and s m a l l  twigs  remain on p l a n t s  e i t h e r  
unharmed o r  s l i g h t l y  s inged.  A moder- 
a t e l y  i n t e n s e  burn occurs  when most of 
t h e  l i t t e r  i s  cha r r ed  but  not  ashed, 
40-80 pe rcen t  of t h e  p l a n t  canopy i s  
burned, and t h e  remaining cha r r ed  twigs  
are 6-12 mm i n  diameter .  After a ' 

severe  f i r e ,  t h e  area i s  completely 
burned, and only a shes  remain on t h e  
s o i l  sur face .  P l a n t  s t e m s  t h a t  remain 
are g r e a t e r  t han  1 2  mm i n  diameter .  
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Surf ace Erosion 

Though f i r e  may a f f e c t  anadromous 
f i s h  h a b i t a t  through both su r face  and 
mass e ros ion ,  su r face  e ros ion  i s  by f a r  
the  most p r e v a l e n t  because it may occur 
on any burn s u r f a c e ;  mass e r o s i o n  i s  
usua l ly  r e s t r i c t e d  t o  s teeplands .  Sur- 
f a c e  e ros ion  i s  a two-step p rocess  con- 
s i s t i n g  of detachment of s o i l  p a r t i c l e s  
and t h e i r  t r a n s p o r t  downslope. The 
s i z e  and d e n s i t y  of s o i l  p a r t i c l e s ,  t h e  
degree of cementing of p a r t i c l e s  i n t o  
aggregates ,  and t h e  degree of p ro t ec-  
t i o n  af forded  by p l a n t  and l i t t e r  cover 
c o n t r o l  t h e  detachment process .  

The two types  of su r face  e r o s i o n  
a r e  ca t egor i zed  according t o  mode of 
t r anspor t- - ra ind rop  s p l a s h  or f lowing 
water.  P a r t i c l e s  can be detached and 
moved downslope by ra indrop splash--a 
type  of e ros ion  c a l l e d  shee t  e ros ion .  
Sheet e ros ion ,  which may go v i r t u a l l y  
unnoticed,  can be i d e n t i f i e d  by 
p e d e s t a l s  of s o i l  under impervious 
m a t e r i a l s  such a s  s tones ,  wood ch ips ,  
or exposed roo t s .  Water f lowing over  
t h e  s o i l  s u r f a c e  c r e a t e s  r i l ls  and 
g u l l i e s  which a r e  e a s i l y  recognized 
from s c a r s  l e f t  on t h e  ground. Rill 
and g u l l y  e r o s i o n  fol lowing f i r e  
gene ra l ly  t r a n s p o r t  f a r  more sediment 
t o  s treams than  shee t  e ros ion  and a r e  
t h e r e f o r e  f a r  more de t r imen ta l  t o  f i s h  
h a b i t a t  . 

S t r u c t u r a l  and hydrologic p r o p e r t i e s  
of s o i l  a r e  i n d i c a t o r s  of e ros ion  poten-  
t i a l .  Surface  e ros ion  i s  r a r e  on most 
undis turbed  f o r e s t  s o i l s  because of (1) 
t h e  l i t t e r  l a y e r  and ( 2 )  t h e  f a c t  t h a t  
i n d i v i d u a l  p a r t i c l e s  a r e  cemented 
t o g e t h e r  by organic  mat te r  and c l a y  t o  
form aggregates- - larger  s t r u c t u r a l  
u n i t s  whose movement r e q u i r e s  more 
energy. Af t e r  broadcas t  burning of 
logging r e s idue  and t h e  p r o t e c t i n g  
l a y e r  of l i t t e r  and organic  m a t e r i a l ,  
ra indrops  may f r e e l y  impact s o i l  and 
de tach  s o i l  p a r t i c l e s .  I f  t he  burning 
i s  of high enough i n t e n s i t y ,  even t h e  
organic ma t t e r  cementing p a r t i c l e s  i n t o  
aggregates  may be consumed, t h u s  
render ing  s o i l  aggregates  s u s c e p t i b l e  
t o  ra indrop impact and f lowing water .  

The s t r e n g t h  of aggregates  i s  o f t e n  
i n d i c a t e d  by t h e  type  of bedrock from 
which soi ls  a r e  formed. Lowest 
s t r e n g t h s  of aggregat ion  and h i g h e s t  
e r o d i b i l i t i e s  a r e  a s s o c i a t e d  wi th  s o i l s  
der ived  from g r a n i t e ,  q u a r t z  d i o r i t e ,  
g r a n o d i o r i t e ,  and c e r t a i n  high q u a r t z  
sands tones .  I n  g e n e r a l ,  t h e  h igher  t h e  
q u a r t z  con ten t  of t h e  p a r e n t  m a t e r i a l ,  
t h e  g r e a t e r  t h e  p o t e n t i a l  e r o s i o n  of 
t h e  r e s u l t a n t  s o i l .  

The g r e a t e r  e r o s i o n  hazards of 
s o i l s  high i n  q u a r t z  a r e  l a r g e l y  t h e  
r e s u l t  of poor aggregat ion .  G r a n i t i c  
soils t end  t o  be coa r se  t e x t u r e d  i n  
s u r f a c e  l a y e r s  and d e f i c i e n t  i n  s i l t s  
and c l a y s .  Because of l i t t l e  c l a y ,  
coa r se- tex tu red  s o i l s  tend  a l s o  t o  have 
few s t a b l e  aggregates  t h a t  can resist 
t h e  f o r c e  of ra indrop impact or t h e  
wearing a c t i o n  of f lowing water  
(Clayton and o t h e r s  1979).  On t h e  
o t h e r  hand, b a s a l t s ,  a n d e s i t e s ,  and 
gabbro con ta in  mine ra l s  t h a t  decompose 
t o  form c l a y ,  a primary cementing agent  
i n  aggregate  formation.  Because s o i l s  
de r ived  from t h e s e  l a t t e r  p a r e n t  
m a t e r i a l s  t end  t o  have h igher  
p r o d u c t i v i t i e s ,  they  a l s o  have h ighe r  
o rgan ic  ma t t e r  c o n t e n t s  which a l s o  
c o n t r i b u t e  t o  t h e  s t a b i l i t y  of s o i l  
aggregates .  Thus, s o i l s  of t h e  Idaho 
B a t h o l i t h  and o t h e r  a r e a s  of g r a n i t i c  
i n t r u s i v e s  t end  t o  be h ighly  e r o d i b l e ,  
whereas most soils of t h e  wes tern  
Cascades of Oregon, having developed 
from v o l c a n i c l a s t i c  rocks,  a r e  r e s i s t a n t  
t o  s u r f a c e  e r o s i o n  (F red r iksen  and Harr 
1979) 

Water r epe l l ency ,  an important  
e f f e c t  of f i r e  i n  t h e  Southwest, i s  
g e n e r a l l y  of minor importance 
throughout  t h e  geographic range of 
anadromous f i s h  h a b i t a t  i n  western 
North America. I t  has been d e t e c t e d ,  
however, i n  a r e a s  burned by w i l d f i r e  i n  
Oregon (Dyrness 1976) . 
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Broadcast  burning may a l s o  i n d i -  
r e c t l y  a f f e c t  e ro s ion  through changes 
i n  n u t r i e n t  c o n t e n t s  of s o i l s .  V o l a t i l e  
e lements  such as n i t rogen ,  s u l f u r ,  and 
phosphorous a r e  l o s t  from s o i l  when 
burning tempera tures  exceed t h e  tempera- 
t u r e  of v o l a t i l i z a t i o n  ( W e l l s  and 
o t h e r s  1979).  Other n u t r i e n t s  may be 
removed by l each ing  and by su r f ace  
e ros ion .  Nu t r i en t  l o s s e s  from t h e  s i t e  
are important  on ly  i f  they  cannot be 
r e supp l i ed  t o  t h e  ecosystem t o  m e e t  
requirements  f o r  optimum p l a n t  growth. 
I n  some cases, p r o d u c t i v i t y  may be so 
reduced t h a t  r evege t a t i on  i s  slowed, 
and t h e  s i t e  remains s u s c e p t i b l e  t o  
s u r f a c e  e r o s i o n  f o r  a much longer  
pe r iod  (Heav i l i n  1977) . 
Mass Erosion 

Another i n d i r e c t  e f f e c t  of broad- 
c a s t  burn ing  on e ros ion  invo lves  m a s s  
e ros ion .  Where r o o t s  of r e s i d u a l  brush 
provide  s t r e n g t h  t o  s o i l  masses, k i l l i n g  
brush species by broadcast  burning of 
logging r e s idue  could cause mass 
f a i l u r e s .  This  p o t e n t i a l  e f f e c t  would 
be g r e a t e s t  on s t e e p  s lopes  when burning 
i s  of s u f f i c i e n t  i n t e n s i t y  t o  k i l l  
brush species. 

Fire- caused e r o s i o n  could a f f e c t  
salmonid reproduct ion ,  r e a r i n g ,  and 
ang le r  use o r  success  i n  streams dra in-  
i n g  f o r e s t e d  watersheds by i n c r e a s i n g  
t h e  amount of f i n e  sediment i n  t h e  
streambed and t h e  annual  number of days 
with t u r b i d  streamflow. S u b s t a n t i a l  
i n c r e a s e s  i n  bedload and suspended 
sediments  caused by f i r e  can be 
avoided, however, by yard ing  heavy 
concen t r a t i ons  of unmerchantable s l a s h  
from c u t t i n g  u n i t s  and then  burning t h e  
r e s idue  when s o i l  moisture  conten t  i s  
high enough t o  prevent  damage t o  s o i l  
s t r u c t u r e  and f e r t i l i t y .  I n  a r e a s  
where s o i l s  a r e  extremely f r a g i l e ,  
burning might be avoided a l t o g e t h e r .  

Stream Temperature 

Broadcast  burning may i n c r e a s e  
st  ream water temperature d i r e c t l y  
dur ing  t h e  burning and i n d i r e c t l y  
dur ing  t h e  summer by k i l l i n g  s t reamside  
vege t a t i on  t h a t  p rovides  shade. For 
example, a f te r  a 96-ha watershed i n  t h e  
western Cascades of Oregon was 
c l e a r c u t ,  s l a s h  and unders tory  
vege t a t i on  provided enough shade t o  
prevent  t h e  average weekly maximum 
w a t e r  temperature from inc reas ing  more 
t han  2OC i n  J u l y  and August; bu t  a f t e r  
b roadcas t  burning, which k i l l e d  
s t reamside  vege t a t i on  and a l s o  consumed 
most of t h e  s l a s h ,  average weekly 
maximum water tempera tures  w e r e  7-8OC 
higher  t han  before  logging and burning 
(Levno and Rothacher 1969). 

The magnitude of temperature 
i n c r e a s e s  a r i s i n g  f r o m  shade removal may 
be e a s i l y  p r e d i c t e d  by an equa t ion  
developed by Brown (1969).  Stream 
temperature depends on t h e  amount of 
s u n l i g h t  absorbed by t h e  stream and t h e  
a c c r e t i o n  of coo l  ground w a t e r .  Tem- 
p e r a t u r e  i n c r e a s e  i s  i n v e r s e l y  propor-  
t i o n a l  t o  streamflow r a t e .  Thus i n  
some cases, i nc reased  summer f lows 
a f t e r  c l e a r c u t  logging may somewhat 
o f f s e t  i nc rea sed  hea t  load t o  streams. 
The p o t e n t i a l  i n c r e a s e  i n  summer w a t e r  
temperature depends on l a t i t u d e  , 
c loudiness ,  and t h e  i n f luence  of ground 
w a t e r .  

Streamf l o w  , Increases  

C l e a r c u t t i n g  f r e q u e n t l y  i n c r e a s e s  
base flow dur ing  p e r i o d s  of l o w  f low i n  
t h e  summer by reducing i n t e r c e p t i o n  and 
t r a n s p i r a t i o n  l o s s e s  and by making more 
water a v a i l a b l e  f o r  streamflow. Gener- 
a l l y  such i n c r e a s e s  are temporary, and 
may d i sappea r  i n  less than  5 y e a r s  
(Harr 1979).  Any a d d i t i o n a l  reduc t ion  
i n  t r a n s p i r a t i o n  and i n t e r c e p t i o n  
caused by k i l l i n g  brush s p e c i e s  by 
broadcas t  burning w i l l  be very s m a l l  
and s h o r t  l i ved .  
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R e  l ea  se of Nut ri e : i t  s 

P 1 a n t  c omnu n i  t i e s a c c u m u  1 a t  e and 
c y c l e  n u t r i e n t s  i n  t h e i r  role a s  t h e  
b i o l o g i c a l  continuum l i n k i n g  s o i  1, 
w a t e r ,  and atmosphere !Jutrieiits are 
cyc led  i n  an  o r d e r l y  and r e l a t i v e l y  
p r e d i c t a b l e  manner u n t i l  some 
d i s tu rbance  a l t e r s  t h e  form o r  
d i s t r i b u t i o n  O E  n u t r i e n t s .  Tiedemann 
and o t h e r s  ( 1979) summarized t h e  
response o f  var ious  ecosystems t o  f i r e  
and o t h e r  t r ea tmen t s .  I n  a l l  s t u d i e s  
of  e f f e c t s  of broadcast  burning on 
n u t r i e n t  c o n t e n t  of streams, burning 
followed clearcut  logging.  E f f e c t s  of 
burning a lone ,  t h e r e f o r e ,  have been 
determined fo r  only  w i l d f i r e  (Hoffman 
and F e r r e i r a  1976, Johnson and Needham 
1966, Tiedemann and o t h e r s  1978) .  

I n  g e n e r a l ,  l e v e l s  of n u t r i e n t s  i n  
streams have been low a f t e r  burning of 
s l a s h  (Tiedemann and o t h e r s  1979) .  
Lotspeich and o t h e r s  (1970) concluded 
t h a t  changes i n  t h e  chemical makeup o f  
w a t e r  a f t e r  a w i l d f i r e  i n  Alaska w e r e  
below t h e  l e v e l s  r equ i red  t o  e x e r t  a n  
impact on stream macroinver tebra tes .  
S imi la r  conc lus ions  w e r e  reached by 
Wood (1977) f o r  macro inver teb ra tes  and 
by Hoffman and F e r r e i r a  (1976) f o r  
p e r i p h y t i c  a l g a e  product ion.  Toxic 
c o n c e n t r a t i o n s  of  n u t r i e n t s  and heavy 
metals  have Seen found on ly  where 
logging r e s i d u e  w a s  burned i n  stream 
channels  (F redr iksen  1 9 7 1 ) .  

b 

MECHANICAL SIT 
PREPARATION 

A number of t echn iques  o t h e r  t h a n  
b roadcas t  burning are commonly used t o  
reduce logging re s idue  and t o  prepare 
a s i t e  f o r  r e f o r e s t a t i o n .  Mechanical 
s i t e  p r e p a r a t i o n  methods i n c l u d e  
machine p i l i n g  of s l a s h  wi th  a t r a c t o r  
equipped wi th  a brush rake  o r  s o m e  
o t h e r  type  of b lade ,  removing brush by 
machine, and r i p p i n g  areas such as  
l and ings  and primary s k i d  roads  t h a t  
have been compacted dur ing  logging.  
Although such a c t i v i t i e s  improve 
seedbed c o n d i t i o n s ,  t hey  may a l so  l e a d  
t o  s o i l  e r o s i o n  and stream 
sedimenta t ion i n  some i n s t a n c e s .  

The p o t e n t i a l  f o r  e r o s i o n  i s  
d i r e c t l y  r e l a t e d  t o  t h e  e x t e n t  s o i l  i s  
exposed or d i s t u r b e d ,  slope g r a d i e n t ,  
i n t e n s i t y  of r a i n f a l l ,  and s t a b i l i t y  
of exposed s o i l  aggregate .  The 
p o t e n t i a l  f o r  adverse  e f f e c t s  on 
anadromous f i s h  h a b i t a t  a l s o  depends 
on t h e  proximity  of t h e  s i t e  t o  w a t e r  
cour ses .  I n  t h e  case of r i p p i n g  
p rev ious ly  compacted areas, t h e  loose  
exposed s o i l  i s  p r e f e r a b l e  t o  
compacted exposed s o i l  because  t h e  
l a t t e r ,  owing t o  r e v e g e t a t i o n  problems, 
may remain a ch ron ic  source  of t u r b i d  
w a t e r  and sediment f o r  a much longer  
t i m e  
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PLANTING REDUCTION OF 
COMPETITION 

Rees tab l i sh ing  a f o r e s t  s t and  by 
p l a n t i n g  does not  immediately a f f e c t  
anadromous f i s h  h a b i t a t ,  bu t  l a t e n t  
e f f e c t s  might occur.  For example, 
streams r e c e i v i n g  energy i n p u t s  
( l e a v e s  o r  t w i g s )  from deciduous 
canopies  are appa ren t ly  more 
product ive  f o r  i n v e r t e b r a t e s  t han  
streams r e c e i v i n g  energy i n p u t s  from 
con i fe rous  canopies  .6/ Manipulat ing 
s t reamside  vege ta t ion  by p l a n t i n g  
c o n i f e r s  i n  l i e u  of hardwoods might 
reduce food product ion  f o r  salmonids 
i n  t h e  ad jacen t  reach of stream. 
A l s o ,  because open o r  semiopen stream 
reaches  a r e  o f t e n  more product ive  t h a n  
reaches  wi th  c losed  canopies  (Murphy 
and H a l l  1981, Newbold and o t h e r s  
1980), it might be best f o r  f i s h  
product ion  t o  mainta in  t h e  semiopen 
c o n d i t i o n  as long as  s o l a r  hea t ing  i s  
not  a problem. I n  open areas where 
water tempera tures  are too h igh  for 
optimum product ion  of salmonids, 
p l a n t i n g  c o n i f e r s  or fast- growing 
deciduous species (cottonwood or a l d e r )  
might improve f i s h  production.  

6 / C .  Hawkins. C o r v a l l i s ,  OR: Oregon 
State Un ive r s i ty ;  1981. Personal  
communication. 

Depending on t h e  age of a 
r e e s t a b l i s h e d  f o r e s t ,  one of s e v e r a l  
methods may be used t o  reduce 
competi t ion.  When trees are between 
seed l ing  and s a p l i n g  s i z e ,  brush  
compet i t ion  may be reduced by 
he rb ic ide  a p p l i c a t i o n  or manual 
removal of brush. Appl ica t ion  of 
h e r b i c i d e s ,  d iscussed  i n  d e t a i l  i n  
paper  9 of t h i s  compendium, w i l l  no t  
be d i scussed  f u r t h e r  here .  The o t h e r  
method of brush removal, t h e  manual 
method, does not  adverse ly  a f f e c t  
anadromous f i s h  h a b i t a t  because damage 
t o  t h e  s i te  is so l i m i t e d  both  i n  
s e v e r i t y  and area l  e x t e n t .  

As t rees  i n  a f o r e s t  s t and  reach 
t h e  p o i n t  when t h e  s t r u g g l e  f o r  
e x i s t e n c e  t h r e a t e n s  t o  become 
i n j u r i o u s ,  precommercial t h i n n i n g s  may 
be used t o  remove least d e s i r a b l e  
trees. The e f f e c t s  of precommercial 
th inn ing  on anadromous f i s h  h a b i t a t  
are s l i g h t .  Any s u r p l u s  of n u t r i e n t s  
or  water r e s u l t i n g  from th inn ing  i s  
immediately used by remaining trees. 
N o  changes occur  i n  e ros ion  or  
sedimenta t ion  because t h e  roads  used 
du r ing  t imber  h a r v e s t  provide  adequate  
access f o r  t h inn ing .  

b 
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The s i l v i c u l t u r a l  a c t i v i t i e s  
d i scussed  i n  t h i s  paper are those  
necessary t o  r a p i d l y  e s t a b l i s h  and 
nur tu re  young f o r e s t  s t ands .  These 
a c t i v i t i e s  inc lude  (1) c u t t i n g  pre- 
s c r i p t i o n s  t o  improve n a t u r a l  regenera-  
t i o n ,  ( 2 )  p repar ing  s i tes  f o r  p l a n t i n g ,  
( 3 )  removing s l a s h  t o  reduce f i r e  
hazard,  ( 4 )  seeding and p l a n t i n g ,  and 
( 5 )  reducing compet i t ion t o  enhance 
growth of young trees. Timber h a r v e s t ,  
road c o n s t r u c t i o n ,  and use of pes t i-  
c i d e s  and f e r t i l i z e r s  are d i scussed  i n  
o t h e r  paper s  i n  t h i s  compendium. 

The d i s t r i b u t i o n  of con i fe rous  
f o r e s t s  and anadromous salmonids 
co inc ides  a long much of t h e  P a c i f i c  
slope, and simultaneous management of  
t h e  two resources  creates some 
c o n f l i c t s .  Severa l  t imber  management 
a c t i v i t i e s ,  i nc lud ing  some 
s i l v i c u l t u r a l  t r ea tmen t s ,  have t h e  
p o t e n t i a l  t o  damage t h e  h a b i t a t  of 
anadromous f i s h  through a c c e l e r a t e d  
sedimenta t ion and s o l a r  heat ing .  The 
a b i l i t y  t o  p r e d i c t  t h e  consequences of  
s p e c i f i c  s i l v i c u l t u r a l  a c t i v i t i e s  on 
f i s h  p roduc t ion ,  however, i s  no t  w e l l  
developed. 

Anadromous salmonids have exac t ing  
h a b i t a t  requirements  and m o s t  pro- 
duc t ion  i n  f o r e s t e d  watersheds occi.1r.s 
i n  s m a l l  ( f i r s t -  t o  t h i r d- o r d e r )  
streams. Some s i l v i c u l t u r a l  t r e a t -  
ments such a s  b roadcas t  burning and 
machine s c a r i f i c a t i o n  and p i l i n g  can 
degrade w a t e r  q u a l i t y  and f i s h  h a b i t a t  
i n  s m a l l  streams, bu t  seldom do so 
because of t h e  low spa t i a l  and 
temporal i n t e n s i t y  of t h e  a c t i v i t i e s .  
The h i g h e s t  r i s k  of h a b i t a t  damage 
from s i l v i c u l t u r a l  a c t i v i t i e s  occurs  
i n  areas wi th  e r o s i v e  s o i l s  and high 
annual  p r e c i p i t a t i o n ,  o r  h igh sumrner  
s o l a r  r a d i a t i o n  and l o w  streamflow. 

The e f f e c t s  of t h e  s i l v i c u l t u r a l  
a c t i v i t i e s  d i scussed  i n  t h i s  paper are 
g e n e r a l l y  much l o w e r  t h a n  t h e  e f f e c t s  
of t imber  h a r v e s t  and road cons t ruc-  
t i o n  a c t i v i t i e s .  

METRIC EQUIVALENTS 
1 m i l l i m e t e r  (mm) = 0.03937 i n c h  
1 cen t ime te r  ( c m )  = 0.3937 i n c h  
1 k i lomete r  ( k m )  = 0.6214 m i l e  
1 hec ta re  ( h a )  = 2.471 acres 
1 mil l igram (mg) = 0.03527 ounce 

1 l i t e r  = 1.0567 q u a r t s  
OC = 5/9 ( O F  - 32) 

( a v o i r d u p o i s )  

1 
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