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Abstract .--Woody debris is an important part of the 
stream habitat used by juvenile salmonids. As part of an 
examination of the effects of logging debris and its 
removal, this s t u d y  examined some methods f o r  measuring 
t h e  amount and e f f e c t s .  S e v e r a l  i n d i c e s  of  channe l  mor- 
phology v e r e  deve loped  from s t r e a m  c r o s s- s e c t i o n  measure- 
ments. Some differences were detected. Differences in , 

d e b r i s  load ing  f o l l o w i n g  removal were observed ,  bu t  t h e  
patchy d i s t r i b u t i o n  of  d e b r i s  and changes i n  s t r e a m  
channel boundaries masked some differences. Stream maps 
revea led  year- to- year  bank changes and changes  in  debr i s   
o r i e n t a t i o n  f o l l o w i n g d e b r i s  removal. Coho p o p u l a t i o n s  
appeared t o  respond t o  d e b r i s  removal w i t h  fewer  numbers 
i n  c l e a r e d  s t ream s e c t i o n s .  

I N T R O D U C T I O N  

Woody debris is a natural additive to forest 
s t r e a m s .  A s  such ,  it p l a y s  an impor tan t  r o l e  i n
t h e  s t r u c t u r e  and f u n c t i o n  of s t ream ecosystems.  
I t  i n f l u e n c e s  channel  shape ,  p rovides  a c o l o n i -  
z a t i o n  h a b i t a t  and food s o u r c e  f o r  micro- and 
m a c r o - i n v e r t e b r a t e s ,  and p r o v i d e s  cover  f o r  s a l m -
o n i d s .  Timber h a r v e s t  f r e q u e n t l y  i n c r e a s e s  t h e  
r a t e  and amount of o r g a n i c  d e b r i s  added t o  
s t r e a m s .  Although t h e  m a t e r i a l  is n a t u r a l ,  t h e  
amount of t h e  m a t e r i a l  i n  t h e  s t ream i s  n o t .  A t  
t h i s  p o i n t ,  management of d e b r i s  becomes a prob- 
lem; and methods t o  measure, a n a l y z e ,  and t r e a t  
o r g a n i c  d e b r i s  a r e  necessary .  

T h i s  paper  p r e s e n t s  some of  t h e  t e c h n i q u e s  
t h a t  have been used t o  measure o r g a n i c  d e b r i s  and 
i t s  e f f e c t  on  channe l  morphology and on f i s h  pop- 
u l a t i o n s .  I  w i l l  d i s c u s s  t h e  m e t h o d s  u s e d  i n  a   
s p e c i f i c  s t u d y of l o g g i n g  d e b r i s  a n d  i t s  r e m o v a l  
i n two s m a l l  salmonid n u r s e r y s t reams .  The t e c h-  
n i q u e s  p r o v i d e  a method t o  measure t h e  e f f e c t  of 
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o r g a n i c  d e b r i s  and i t s  removal on salmonid nur- 
s e r y  s t r e a m s .  The r e s u l t s  i l l u s t r a t e  t h e  e f f e c -  
t i v e n e s s  of t h e  methods and some of t h e  problems 
in application. The emphasis is on the methods 
r a t h e r  t h a n  t h e  s p e c i f i c  r e s u l t s .  

The s t u d i e s  were done o n  two s m a l l  streams i n  
t h e  S taney  Creek d r a i n a g e  on P r i n c e  of Wales 
I s l a n d .  The two s t u d y  s t r e a m s  were small, first 
and second o r d e r ,  l o w  g r a d i e n t  ( l e s s  t h a n  5 % )  
s t r e a m s  f lowing  th rough  a r e a s  logged i n  t h e  l a t e  
1960's .  Both s t r e a m s  had p o p u l a t i o n s  o f  coho 
salmon (Oncorhynchus k i s u t c h  (Walbaum)) and D o l l y  
Varden (Salvelinus malma (Walbaum)). Lower num-  
b e r s  of c u t t h r o a t  t r o u t  (Salmo c lark i  R i c h a r d s o n ) ,  
rainbow t r o u t  (Salmo gairdneri  R i c h a r d s o n ) ,  and 
c o a s t r a n g e  s c u l p i n  ( C o t t u s  a l e u t i c u s  G i l b e r t )  were 
a l s o  p r e s e n t .  Both s t r e a m s  had heavy c o n c e n t r a-  
t i o n s  of  logging d e b r i s .

A number of s t u d i e s  d i s c u s s  t h e  e f f e c t ,  
f u n c t i o n ,  and p h y s i c a l  a s p e c t s  of wood d e b r i s  i n  
streams, f o r  example, Swanson e t  a l .  ( 1 9 7 6 ) ,  
K e l l e r  and Swanson (1979) ,  K e l l e r  and T a l l e y  
(1979),  and Bilby and Likens  (1980) .  M a r z o l f
(1978) d i s c u s s e s  t h e  e f f e c t s  of removing l a r g e  
d e b r i s  i n  s t r e a m s .  The importance o f  f i n e  and 
c o a r s e  o r g a n i c  d e b r i s  t o  t h e  s t ream b i o t a  i s  
reviewed by C u m i n s  e t  a l .  (1973),  T r i s k a  and 
S e d e l l  (1975) ,  and Anderson e t  a l .  (1978).  
Various s t u d i e s ,  p r i m a r i l y  o f  n a t u r a l  o r g a n i c  
m a t e r i a l ,  show t h a t  l a r g e  d e b r i s  i s  e x t e n s i v e l y  
used by j u v e n i l e  sa lmonids  a s  c o v e r  ( f o r  example 
Hartman 1965,  Mundie 1969, Hall  and Baker 1975).  
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Salmonid p o p u l a t i o n  e s t i m a t e s  w e r e  made 
p e r i o d i c a l l y  from J u n e  th rough  September u s i n g  
between 12 and 20 sections in each creek which 
were s a t u r a t e d  w i t h  minnow t r a p s  b a i t e d  w i t h  
salmon eggs .  A Pe te rson  mark- recap ture  es t imate   
was made d u r i n g  e a c h  sampling p e r i o d .  Because 
t h e  s t r e a m s  w e r e  blocked by weirs and because 
sampling periods were lessthan 10 days, the 
population was considered to be closed with no 
immigration or emigration. 

RESULTS AND DISCUSSION 

D e b r i s  Loading 

The quantity of fine debris (less than 10-cm 
d i a m e t e r )  and c o a r s e  d e b r i s  ( g r e a t e r  than  10-cm 
d i a m e t e r )  was e s t i m a t e d  i n  1977 and in 1981 after 
d e b r i s  removal i n  1979. F ine  d e b r i s ,  e s t i m a t e d  
from p i e c e  c o u n t s ,  shows c o n s i d e r a b l e  change in 
t h e  i n t e r v e n i n g  p e r i o d .  Changes were a l s o  ob- 
s e r v e d  i n  c o a r s e  d e b r i s  load ing  f o r  both s t reams .  

Table  1.- Fine d e b r i s  ( l e s s  t h a n  10-cm d i a m e t e r )  
f o r  Tye Creek  and Toad Creek,  1977 and 1981 
(kg/m2).

1977 1981 % Reduction 

Tye Creek:  
U n t r e a t e d  41.5 12.85 69 
T r e a t e d  49.2 1.83 96 

Toad Creek :  
U n t r e a t e d  14.6 2.76 81 
T r e a t e d  14.3 6.22 (2 .29)*  84* 

* After removal of a single high transect. 

Fine debris estimates in 1981 were substan- 
tially lover than those in 1977 for both streams. 
The estimate f o r  t h e  c l e a n e d  s e c t i o n  of Tye Creek 
in 1981 vas about 14 percent of that in the 
u n t r e a t e d  s e c t i o n  ( t a b l e  1). The f i n e  d e b r i s  
d e n s i t y  i n  Toad Creek was lower i n  1981 t h a n  i n  
1977. A s i n g l e  t r a n s e c t  i n  t h e  t r e a t e d  s e c t i o n  
of Toad Creek  i n c r e a s e d  t h e  t o t a l  l o a d i n g  e s t i -
mate t o  6.22 kg/m2 ( t a b l e  1 ) .  
t r a n s e c t  i n  t h e  estimate b r i n g s  t h e  a v e r a g e  den- 
s i t y  f o r  t h e  t r e a t e d  s e c t i o n  of Toad Creek t o  
2.29 k g / m 2 ,  s l i g h t l y  l o v e r  t h a n  t h e  estimate 
f o r  t h e  t r e a t e d  s e c t i o n .  A similar p o i n t  o c c u r s  
i n  Tye Creek ,  but  it  o c c u r s  i n  t h e  u n t r e a t e d  sec- 
t i o n  where g r e a t e r  d e b r i s  l o a d i n g  vas e x p e c t e d  
and t h e  e f f e c t  is less d r a m a t i c .  

Removal o f  t h i s  

Throughout the study a wide range in quanti- 
t i e s  of f i n e  d e b r i s  was observed .  Tye Creek  
v a l u e s  f o r  i n d i v i d u a l  t r a n s e c t s  ranged from 0.061 
t o  80.5 kg/m2; Toad Creek  v a l u e s  ranged from 
0.512 t o  41.63 k g / m 2 .  
d i s t r i b u t i o n  of f i n e  d e b r i s  in t h e s e  s t r e a m s .  
Throughout t h e  streams, f i n e  d e b r i s  f r e q u e n t l y  
o c c u r r e d  as  clumps h e l d  by l a r g e r  p i e c e s  fo rming  
dams o r  b r e a k s  i n  v e l o c i t y .  I n  between, r i f f l e  
and p o o l  a r e a s  were r e l a t i v e l y  c l e a r  of  m a t e r i a l ,  
p a r t i c u l a r l y  i n  t h e  t r e a t e d  s e c t i o n s .  

T h i s  r e f l e c t s  t h e  p a t c h y  

The l o a d i n g  estimates f o r  c o a r s e  d e b r i s  i n  
k i lograms  p e r  s q u a r e  meter do not f o l l o v  a n  
expec ted  p a t t e r n  of  d e c r e a s e  w i t h time and l o v e r  
d e n s i t i e s  i n  t h e  t r e a t e d  s e c t i o n .  I n  f a c t ,  Tye 
Creek shovs  a n  i n c r e a s e  i n  d e n s i t y  from 1977 t o  
1981, bu t  a l o v e r  d e n s i t y  i n  t h e  t r e a t e d  s e c t i o n  
( t a b l e  2 ) .  Toad Creek shows a d e c r e a s e  i n  den- 
s i t y  from 1977 t o  1981 i n  t h e  t r e a t e d  s e c t i o n ,  
w h i c h c o u l d  be e x p e c t e d  ( t a b l e  2).  D i f f e r e n c e s  
may a r i s e  from t h e  methods used t o  compute chan- 
n e l  area and i n  o b s e r v e r  d i f f e r e n c e s  b e t v e e n  t h e  
tvo sample periods. At Tye Creek, hovever, shifts 

Table  2.--Coarse d e b r i s  ( g r e a t e r  t h a n  10-cm d i a m e t e r )  f o r  Tye Creek and Toad 
Creek,  1977 and 1981 (kg/m2). 

1977 1981 

Potent ial         I n s  tream         Potent ia1            Instream 

Tye Creek: 
U n t r e a t e d  a r e a  (m2)-- 595. 243.1 

D e b r i s  l o a d i n g  ( k g / m 2 )      1 . 4  17.0 7.4 31.7 
512. 272.4 T r e a t e d  a r e a  (m2)-- 

Debr i s  l o a d i n g  (kg/m2) 4.3 12.1 2.7 21.6 

Toad Creek: 
Unt rea ted  area (m2)--                                     1/191      3/320

D e b r i s  l o a d i n g  (kg/m2)  12 .2  40.3 8.5                   40.4 

Debris l o a d i n g  (kg/m2) 19 .1  82.6
   2/141   4/373

5/ 46.3 
T r e a t e d  a r e a  (m2)-- 

1 / A r e a  from 200 - 300 meters along the stream. 
2 / A r e a  from 50 - 150 meters  a l o n g  t h e  s t ream. 
3/Area from 170 - 310 meters  a l o n g  t h e  s t ream.  
4 / A r e a  from 0 - 170 meters  a long  t h e  stream. 
5 / N o t  e s t i m a t e d .  
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i n  t h e  s t r e a m  c h a n n e l  may account  f o r  p a r t  of t h e  
i n c r e a s e .  For example. a l a r g e  l o g  a t  60 m w a s  
i n  t h e  o f f- c h a n n e l  a r e a  i n  1977. By 1981,  t h e  
stream had c u t  around t h e  l o g  and i t  w a s  i n c l u d e d  
i n  t h e  i n s t r e a m  e s t i m a t e  ( f i g .  2 ) .   

Loading estimates were recomputed on the basis  
of t o t a l  volume ( s q u a r e  meters) f o r  e a c h  s t ream 
t o  remove t h e  a r e a  d i f f e r e n c e s  ( t a b l e  3 ) .  The 
1 9 8 1  estimates show l o w e r  volumes in t h e  t r e a t e d  
s e c t i o n s ;  hovever ,  t h e  1981 e s t i m a t e s  f o r  Toad 
Creek a r e  g r e a t e r  t h a n  t h o s e  f o r  1977; b u t  in
1981, a l o n g e r  s e c t i o n  o f  t h e  s t r e a m v a s  surveyed.  
Because of t h e s e  d i f f i c u l t i e s ,  y e a r  t o  y e a r  com- 
p a r i s o n s  are t e n u o u s ,  b u t  w i t h i n  y e a r  c o m p a r i s o n s
a r e  r e a s o n a b l e .  

The i n d i v i d u a l  estimates of c o a r s e  d e b r i s  f o r  
each 10-m section varied considerably. For ex- 
ample,  i n  t h e  u n t r e a t e d  s e c t i o n  of Toad Creek 
between 270-280 m, the estimate was 26.1 m3;  
and f o r  t h e  s e c t i o n  betveen 220-230 m, t h e  es t i-  
mate was 0.67 m3. For Tye Creek, volume esti- 
mates ranged b e t w e e n  0.15 and 5.63 m3 .   

TYE CREEK 1977 

  0      2           5 

TYE CREEK 1961  

Figure 2.--A section of Tye Creek in 1977 before  
and in 1981 after debris removal.

Table 3.--Large debris (greater than 10-cm diameter) loading by volume (m3) for Tye Creek and Toad
Creek,  1977 and 1981. 

1977 1981 

S t ream D e b r i s  
length (L)  P i e c e s  volume 

Stream D e b r i s  
volume length (L)  P i e c e s  

m n

Tye Creek:  
T r e a t e d  100 4 8  
Unt r e a t e d  7 0  8 5  

Toad Creek: 
T r e a t e d  50 29 
U n t r e a t e d  7 0  29 

20.91 .209 100     48 12.28 .123 
19.97 .285 7 0  72 12.44 .178 

13.68 .274 
14.48 .207 

40 3 5  13.58 .339 
7 0  42 82.4 1.177 

The methods and t h e  d a t a  p r o v i d e  one means of 
e v a l u a t i n g  t h e  i n t e n s i t y  of d e b r i s  l o a d i n g  i n  
s t r e a m s .  The d e f i n i t i o n  of t h e  stream c h a n n e l  
boundary must be e x p l i c i t  in b o t h  t h e  method t o  
e v a l u a t e  f i n e  d e b r i s  and t h e  method t o  e v a l u a t e  
c o a r s e  d e b r i s .  The c a l c u l a t i o n  o f  a r e a  i n  t h e  
density estimate is incorporated in the method 
f o r  d e t e r m i n i n g  f i n e  d e b r i s .  b u t  t h e  limits of  
t h e  t r a n s e c t  are not- - these are de te rmined  by t h e  
o b s e r v e r ' s  p e r c e p t i o n  o f  v h e r e  t h e  bank ends.  
The same is true of the coarse debris estimates  
e x c e p t  t h a t  a r e a  is d e r i v e d  i n d e p e n d e n t l y .  Again, 
c h a n n e l  b o u n d a r i e s  must be d e f i n e d  t o  d e t e r m i n e  
which p i e c e s  s h o u l d  be i n c l u d e d  and hov much of a 
p i e c e  shou ld  be s c a l e d .  

The p o i n t  estimates do n o t  r e f l e c t  t h e  o r i e n -
t a t i o n  of thc c o a r s e  d e b r i s .  nor  do they  shov  t h e  
e f f e c t  on stream c h a n n e l  morphology. I n  t h e  case 
of l o g s ,  the  p o s i t i o n  of t h e  m a t e r i a l  w i l l  h a v e  a  
g r e a t e r  e f f e c t  on t h e  s t r e a m  t h a n  s i z e  or  amount. 
To determine distribution of the material, the 
point estimates must be dissected and the point 
estimates a l o n g  t h e  stream must be c o n s i d e r e d .  
O r i e n t a t i o n  and d i s t r i b u t i o n  of o r g a n i c  material 
a re  more e x p l i c i t l y  s t u d i e d  from s t r e a m maps con- 
structed to show specific instream features.   i n s t r e a m  
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Stream c h a n n e l  morphology 

Because t h e  method of d e b r i s  removal pre-  
s c r i b e d  t h a t  s t a b l e  l a r g e  m a t e r i a l  be l e f t  i n  
p l a c e ,  changes  i n  t h e  log- s ized  m a t e r i a l  in t h e  
two t r e a t e d  s e c t i o n s  were r e l a t i v e l y  s m a l l .  
Accumulat ions of  large mater ia l  were dis t r ibuted 
throughout  both s t reams in both years .  In  many  
c a s e s ,  t h e  l a r g e r  mater ial  remained i n  place w i t h  
little movement, for example the large log at 
60 m on Tye Creek (fig. 2) and the log at 130 m 
on Pond Creek ( f i g .  3 ) .  Movement of s m a l l e r  
p i e c e s  h a s  o c c u r r e d ,  however; and i n  many c a s e s ,  
p a r t i c u l a r l y  i n  Tye Creek,  p i e c e s  have been moved 
so that t h e y  are  now p a r a l l e l  t o  t h e  s t reamflow.  
I n  o t h e r  c a s e s ,  a c c u m u l a t i o n s  forming small dams 
have broken down f o l l o w i n g  d e b r i s  removal. One 
example o f  t h i s  i s  found i n  Toad Creek a t  140 m 
( f i g .  3 )  where t h e  accumula t ion  h a s  opened i n t o  a 
c h u t e .  For  t h e  most p a r t ,  t h e  a c t i v e  channel  i n  
t h e  t r e a t e d  s e c t i o n s  is c l e a r  of most s m a l l e r  de- 
b r i s ,  l i m b s  and b r a n c h e s ,  whereas in  1977, ex ten-  
s i v e  a r e a s  were covered .  

I n  s e v e r a l  i n s t a n c e s  l a r g e  m a t e r i a l  remained 
e s s e n t i a l l y  unchanged from 1977 t o  1981. For 
example, in Toad Creek the large logs at 210 m 
and to  some extent  those a t  200 m are  in  about  
t h e  s a m e  p l a c e .  
r e i n f o r c e d  by o n- s i t e  i n s p e c t i o n .  The channe l  
h a s  i n c o r p o r a t e d  t h e  l a r g e r  p i e c e s ,  whereas t h e  
smaller  m a t e r i a l  h a s  been moved o u t  o f  t h e  "sum- 
mer" channel shown in the maps. 

The e v i d e n c e  on t h e  maps is 

TOAD CREEK 1978 

10 , 5 0  

METERS 

TOADCREEK 1981 CHANNEL BOUNDARY 
ACTIVE CHANNEL 
WATER FLOW 
LIVING TREE 
SURVEY STAKE 
LOGGING SLASH 
LARGE ORGANIC DEBRIS
POTENTIAL STREAM DEBRIS 
(height above water, m)
SURVEY POINTS 
ROCK 

Figure 3.--Stream map sect ions of  Toad Creek 
b e f o r e  d e b r i s  removal  (1978) and a f t e r  (1981). 

In several instances substantial changes in 
the  s t ream channel  are  shown on the maps,  the 
most a p p a r e n t  b e i n g  i n  t h e  u n t r e a t e d  s e c t i o n  
above 70 m in Tye Creek. In general, the Tye 
Creek channel  was less  well  defined than the Toad 
Creek channel  which f lows through a  V-notch from 
about  40 m to  200 m. 

Stream c h a n n e l  c r o s s- s e c t i o n s  were t a k e n  i n  
1977 t o  document p o s s i b l e  changes i n  channe l  pro-  
f i l e  th rough  d e b r i s  removal. These were t r a n s-  
l a t e d  i n t o  n u m e r i c a l  measures  t o  r e f l e c t  t h e  
c r o s s- s e c t i o n  p e r i m e t e r  and c r o s s- s e c t i o n  a r e a .  

Table  4  summarizes  cross- sect ion per imeters  
and a r e a s ,  and a v e r a g e  d e p t h s  and p e r i m e t e r s  for 
1977 and f o r  2 y e a r s  f o l l o w i n g  t r e a t m e n t .  
C r o s s- s e c t i o n  p e r i m e t e r  and cross-section area 
show no t r e n d s .  
streams is consistently less in the treated sec- 
tion than in the untreated section for all years. 
Average p e r i m e t e r  ( t h e  r a t i o  of p e r i m e t e r  t o  
cross-section width) decreases following removal 
in  both streams. 

The a v e r a g e  d e p t h  f o r  b o t h  

T h i s  l i k e l y  r e f l e c t s  removal  of i r r e g u l a r i t i e s  
in t h e  c h a n n e l  caused by e i t h e r  i n d i v i d u a l  p i e c e s  
of d e b r i s  o r  of a c c u m u l a t i o n s  of  d e b r i s  which were 
removed d u r i n g  t r e a t m e n t .  

Table 4.--Means for cross-section perimeters (P), 
c r o s s - s e c t i o n  area ( A ) ,  "average  dep ths"  (A/L), 
and "average  p e r i m e t e r "  (P/L).  

S e c t i o n  P A A/L P/L 

Tye Creek: 

Unt rea ted  
T r e a t e d  

U n t r e a t e d  
T r e a t e d  

Unt rea ted  
Trea ted  

Toad Creek: 

T r e a t e d  
U n t r e a t e d  

T r e a t e d  
U n t r e a t e d  

T r e a t e d  
U n t r e a t e d  

m             m 

1977 

(0-70) 2.43 .286
(80-170) 2.79 .266 

1979 

(0-70) 2.89 .51 
(80-170) 2.79 . 4 1  

1981 

(0- 70) 2.64 .34 
(80-170) 2.90 .35 

1977 

(0-170) 3.27 .29 
(180-320) 2.77 .30 

1980 

(20-160) 2.33 .25 
(233-300) 1.72 .28  

1981 

(30-160) 1.89 .25 
(180-320) 2.42 .38 

m 

.167 

.110 

.181 

.133 

. 1 5 3

.131 

.178 

.208  

.121 

.163 

.129 

.162 

m 

1 .19  
1.30 

1.10 
1.08 

1.15 
1.06 

2.33 
1.43 

1.05 
1.05 

1.04 
1.07 
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c o a r s e  d e b r i s .  A s i m i l a r  t r e n d  d i d  not appear  i n  
Toad Creek w i t h  t h e  e x c e p t i o n  of 0-age coho. 
C a r d i n a l  (1980)  s u g g e s t e d  t h a t  t h e  e x t e n s i v e  
s t r e a m e i d e  s h r u b  v e g e t a t i o n  i n  Toad Creek masked 
s n y  r e l a t i o n s h i p s  b e t v e e n  f i s h  d e n s i t i e s  and 
d e b r i e  d e n s i t y .  T y e  C r e e k  v a s  m o r e  e x p o s e d  a n d  
d i d  n o t  have t h e  e x t e n s i v e  s h r u b  g r o w t h  a long  i t s  
banks;  t h e r e f o r e ,  d e b r i s  vas more l i k e l y  t o  pro- 
v i d e  cover .  

The l a c k  of d i f f e r e n c e  shown i n  t h e  average  
d e p t h  measures  i s  not  s u r p r i s i n g  because 
c r o s s - s e c t i o n  measurements were not s t r a t i f  i e d  
w i t h  r e s p e c t  t o  c h a n n e l  t y p e  ( i . e .  poo l  o r  
r i f f l e ) .  F u r t h e r  a n a l y s i s  from more i n t e n s i v e  
t r a n s e c t  d a t a  may show a r e d u c t i o n  i n  average  
d e p t h  i n  the t r e a t e d  a r e a s ,  a l t h o u g h  t h e  p r e s e n t  
d a t a  d o  n o t  r e f l e c t  t h i s  r e s u l t .  Both a r e a  and 
p e r i m e t e r  are a f f e c t e d  by t h e  s i re  of t h e  system 
and l o c a t i o n  of t h e  meaeurement a long  the  system; 
"average depth" and "average per imeter"  are  not  
as  l ikely to  be affected within a  s t ream sect ion 
because the width of  the t ransect  i s  included,  

F i s h  P o p u l a t i o n s  

Coho and D o l l y .  Varden d e n s i t i e s  (numbers per  
s q u a r e  meter) i n  1977 and 1978 were about  t h e  
same f o r  upper  and l o v e r  s e c t i o n s  of both s t reams.  
D i f f e r e n c e s  among sampl ing  s t a t i o n s  were a t t r i b -  
u t e d  t o  s p e c i f i c  h a b i t a t  f e a t u r e s .  I n  Tye Creek, 
d e n s i t i e s  of coho and s m a l l e r  Dolly Varden were 
p o s i t i v e l y  c o r r e l a t e d  t o  d e n s i t y  of f i n e  and 

Figure  4  shows the  populat ion levels  for  coho 
i n  both streams f o l l o w i n g  d e b r i s  removal. In all  
cases ,  the t reated sect ions supported smaller  num- 
b e r s  of coho t h a n  t h e  u n t r e a t e d  s e c t i o n s .  Sur-
v i v a 1  rates  f o r  t h e  summer of  1980 f o r  coho and 
D o l l y  Varden do not  showany marked differences  
b e t v e e n  t r e a t e d  and u n t r e a t e d  s e c t i o n s .  On t h e  
b a s i s  of  s t u d i e s  by Bus ta rd  and Narver  (1975),  
g r e a t e r  d i f f e r e n c e s  i n  m o r t a l i t y  r a t e s  might be 
e x p e c t e d  d u r i n g  w i n t e r  t h a n  in  summer.  In both 
st reams,  populat ion levels  of  age 1+ coho in un-  
t r e a t e d  s e c t i o n s  are  n e a r l y  t v i c e  t h o s e  i n  t h e  
t r e a t e d  s e c t i o n s .  





CONCLUSIONS 

1. Ins t ream v a r i a t i o n  of f i n e  d e b r i s  accumula- 
t i o n s  and t h e  pa tchy  d i s t r i b u t i o n  of m a t e r i a l  i s  
l i k e l y  t o  mask t r e a t m e n t  d i f f e r e n c e s  when f i n e  
debris  is  scaled with cross- sect ion t ransects .  
An o v e r a l l  i n d e x  of  d e b r i s  l o a d i n g  of a system 
c a n  be o b t a i n e d .  

2. L a r g e  d e b r i s  e s t i m a t e s  a r e  a f f e c t e d  by d i f -  
f e r e n c e s  ins t r e a m  a r e a  de te rmina t ions  and d e t e r -  
m i n a t i o n s  of c h a n n e l  boundar ies  by d i f f e r e n t  
o b s e r v e r s .  S e a s o n a l  changes i n  t h e  s t ream channe l  
may i n f l u e n c e  year- to- year  comparisons. 

3. Numerical i n d i c e s  of d e b r i s  l o a d i n g do not re-  
f l e c t  t h e  e f f e c t  of  d e b r i s  on  s t ream channe l  mor- 
phology,  but  may be d e s c r i b e d  w i t h  s t r e a m  channe l  
maps, showing s t r e a n  c o u r s e ,  d e b r i s  o r i e n t a t i o n ,
and l o c a t i o n s  and e x t e n t  of accumula t ions .  

4. Absolu te  measurements of c ro s s - s ec t i on  a r e a s  
and c r o s s- s e c t i o n  p e r i m e t e r s  may be i n f luenced by 
o b s e r v e r  p e r c e p t i o n  of s t r e a m  bank b o u n d a r i e s .
Average d e p t h s  and a v e r a g e  p e r i m e t e r  i n c l u d e  more 
c o n s i s t  en t yea r-t o-yea r comparison of 
c r o s s- s e c t i o n  l e n g t h  and y i e l d .  

5 .  
t i o n  l e v e l s  f o l l o w i n g  d e b r i s  removal. 

There is  an apparent  reduct ion of  coho popula-  
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APPENDIX I 

C r i t e r i a  f o r  D e b r i s  Removal Trea tment  f o r  Toad 
Tye Creeks  1979 

All  debris  less  than 60-mm diameter  removed.  

Larger  mater ia l ,  greater  than 60-mm diameter  
removed i f  i t  i s :  
( a )  l o o s e  and not  f i r m l y  embedded, 
( b )  c o m p l e t e l y  a c r o s s  t h e  c h a n n e l  b lock ing  

f l o w  and is  not  f i rmly embedded in the 
c h a n n e l  o r  i n  t h e  bank, and 

t i n g  t h e  channe l .  
( c )  par t  of  an extensive debris  dam obstruc-  

Trailing branches on larger instream material 
removed .

No material removed in the control sections. 
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