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Abstract 
Large organic debr i s  has h i s t o r i c a l l y  been an important 

element i n  small mountain streams of  t h e  Pacific Northwest. The 
d e b r i s  serves t o  slow t h e  movement of water and inorganic  and f i n e  
organic matter through t h e  channel. 
f o r  decades o r  longer ,  and tends t o  s t a b i l i z e  some sec t ions  of a 
streambed and streambanks while d e s t a b i l i z i n g  other  areas .  The com- 
b ina t ion  o f  c l e a r c u t t i n g  and t h e  complete removal of l a rge  debr i s  i n  
a channel may deprive a stream of  t h i s  n a t u r a l  f e a t u r e  of streams f o r  
a century o r  longer.  The consequences are l i k e l y  t o  be downcutting 
and ffchannelization" of  t h e  stream, accelerated t ranspor t  o f  f i n e  
organic  and inorganic sediment, and a poss ib le  decrease i n  b io log ica l  
p roduc t iv i ty  of t h e  stream ecosystem. Therefore, stream debr i s  manage 
ment during logging operat ions  should include leaving undisturbed t h e  
n a t u r a l ,  s t a b l e  organic debr is  i n  t h e  channel. 

Debris may remain i n  t h e  channel 

The p r i n c i p a l  f a c t o r s  con t ro l l ing  t h e  concentration,  s t a b i l i t y ,  
and funct ions  of  stream debr is  a r e  t h e  h i s t o r y  and condition o f  t h e  
surrounding timber s t and ,  f lush ing  h i s t o r y  o f  t h e  channel, s t a b i l i t y  
and abundance of  bedload mate r ia l ,  steepness of t h e  channel and adjacent 
h i l l s l o p e s ,  and s lope s t a b i l i t y  i n  t h e  drainage.  Because of  t h i s  
complexity, each stream presen t s  a unique s i t u a t i o n  which should be 
inspected i n  t h e  f i e l d  and considered on an individual  b a s i s  before a 
debr i s  management decis ion is made. 

KEYWORDS: Stream environment - )debr i s ,  m a s s  movement, res idue,  
western Oregon. 
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TABLE OF METRIC CONVERSIONS 

1 foot . = 0.305 meter 

= 0.914 meter 1 yard 

1 ton = 0.907 tonne 

1 ton/100 foot of channel 

1 acre 

= 2.976 tonne/100 meter 

L 0.405 hectare 

1 event/mile 2 8 0.386 event./ki:ometer 2 

3 0.765 meter 3 
1 yard 



Introduction 

Determining optimum amounts of 
l a rge  debr i s  i n  streams i s  d i f f i c u l t .  
The s i t u a t i o n  i s  complicated by t h e  
complexity and v a r i a b i l i t y  of  t h e  
stream environment and t h e  v a r i e t y  of 
ways resource managers view stream 
debr is .  F i she r i e s  b i o l o g i s t s ,  stream 
eco log i s t s ,  water q u a l i t y  exper ts ,  
and road design and maintenance per-  
sonnel would a l l  probably s e t  d i f f e r -  
e n t  s tandards f o r  stream debr i s  con- 
cen t ra t ions .  Much of  t h e  present  
indecis iveness  about management of  
stream debr is  may stem from lack of  
understanding of t h e  b io log ica l  and 
physical  functioning of  debr i s  i n  
small mountain streams. The theme 
o f  t h i s  paper is t h a t  streams and 
t h e i r  b i o t a  developed through a long 
h i s t o r y  of high concentrat ions of 
debr is  and t h a t  perhaps a c loser  
look a t  t h e  h i s t o r y  of n a t u r a l  debr is  

i n  stream environments w i l l  help i n  
managing these  streams i n  t h e  f u t u r e .  

The following comments are the  
r e s u l t  of a reconnaissance study' of 
l a rge  debr is  i n  streams which i s  being 
ca r r i ed  out by the  authors along with 
hydrologist  R. L. Beschta (Oregon 
S t a t e  Univers i ty) .  We are attempting 
t o  assess t he  o r ig ins  and h i s t o r y  
and b io log ica l ,  hydrologic and geo- 
morphic impacts of stream debr is  i n  
both undisturbed and man-influenced 
streams i n  western Oregon. The 
r e s u l t s  of t h i s  work a r e  s t i l l  i n  a 
prel iminary form. 

Background 
The streams of western Oregon 

and Washington a re  commonly' l i t t e r e d  
with t r e e  tops ,  limbs, roo t  wads, and 
whole t r e e s  ( f ig .  1 ) .  Debris g r e a t l y  

F i g u r e  l . - - l a r g e  o r g a n i c  d e b r i s  i n  Lookout 
Creek, H .  J .  Andrews Exper imen ta l  Forest. 
Note f i g u r e  i n  l e f t  center of p i c t u r e .  



influences stream biology,  hydrology, 
and sediment , t r anspor t .  Therefore, it 
i s  su rpr i s ing  how l i t t l e  study t h e r e  
has  been of the  o r ig in ,  f a t e ,  and con- 
sequence of l a rge  organic debr is  i n  
streams. 

The only published work on quan- 
t i t ies  of organic matter i n  P a c i f i c  
Northwest streams is t h a t  of H. A. 
Froehlich and h i s  s tudents  (Froehlich 
1971; Froehlich,  McGreer, and Sedel l  
1972; Lammel 1972; Froehlich 1973). 
Their  s t u d i e s  have been designed t o  
assess volume and weight 0.f coarse 
and f i n e  debr is  i n  streams flowing 
through various types of s tands .  
They sampled streams before  and after  
f a l l i n g  and after yarding i n  u n i t s  
harvested with various logging systems 
and stream pro tec t ion  procedures. The 
measured q u a n t i t i e s  of organic  debr i s  
i n  undisturbed streams were both very 
l a r g e  and extremely va r iab le .  Meas- 
ured concentrat ions range from 0.9 
ton up t o  26 tons/100 f t  of channel. 
They a l s o  observed t h a t ,  following 
logging, t h e  volume of debr i s  i n  t h e  
streams had been modified t o  l e v e l s  
ranging between 60 and 360 percent 
of prelogging debr i s  concentrat ions,  
depending on the  management procedures 
used. 

The b io log ica l  consequences of 
l a rge  debr is  have been reviewed by 
Narver (1971), Brown (1974), Hall and 
Baker (1975), Tr iska  and Sedel l  (1975), 
and o the rs .  Excessive l a rge  debr i s  
may form jams which block f i s h  passage, 
cause spawning areas t o  be flooded 
with gravel ,  and increase  streambank 
c u t t i n g .  
gravel ,  poss ib ly  destroying eggs and 
a levins .  
f ic ia l  funct ions  i n  t h e  stream environ- 
ment. 
tends t o  s t a b i l i z e  t h e  streambed and 
banks. 
slows t h e  rout ing of f i n e  organic 
matter through t h e  stream, allowing 
g r e a t e r  opportunity f o r  b io log ica l  
processing of f i n e  organic d e t r i t u s .  
Bustard and Narver (1975) a lso c i te  
t h e  importance of logs and r o o t s  as 

Movement of debr i s  may s h i f t  

Large debr i s  a l s o  has bene- 

In  many s i t u a t i o n s  l a rge  debr i s  

The presence of s t a b l e  debr is  

overwinter cover sources f o r  salmon and 
warn aga ins t  "overzealous stream cleaning.  I' 

Geomorphic consequences of l a rge  

In 
debr is  i n  streams have been s tud ied  even 
less than t h e  b io log ica l  e f f e c t s .  
small New England streams, Zimmerman 
e t  al .  (1967) observed t h a t  channel 
width i n  fo res ted  stream sec t ions  tended 
t o  be wider and more va r i ab le  than streams 
cut through sod covered banks. 
vegeta t ion may have a var iab le  effect on 
t h e  s t a b i l i t y  of t h e  banks and bed. 
S t a b i l i t y  is enhanced and the  channel is  
narrowed where r o o t  systems extend through 
t h e  banks and channel bottom. The channel 
may a l s o  be des tab i l i zed  and widened above 
debr is  dams and where t r e e s  are t ipped 
over. In  drainages l a r g e r  than severa l  
square miles, stream width i s  more uniform 
than i n  smaller bas ins .  Zinunerman and 
o the r s  bel ieve  t h a t  i n  small streams 
l i v i n g  and dead vegeta t ion i s  important 
i n  shaping channel geometry, but  t h i s  
influence drops o f f  sharply  i n  l a rge r  
streams where hydraul ic  c a p a b i l i t i e s  of  
t h e  stream become dominant. 

Forest  

Several  unpublished USDA Forest  
Service repor t s  and Colman (1973) note  
t h a t  l a rge  debr is  i n  streams tends t o  
d e s t a b i l i z e  t h e  streambed and banks. 
This i s  p a r t i c u l a r l y  common i n  gravel-  
r i c h  streams where na tu ra l  and man-caused 
h i l l s l o p e  i n s t a b i l i t y  has accelera ted  
sediment supply t o  the  channel. 
these  s e t t i n g s ,  l a rge  organic debr is  
may slow sediment t r anspor t ,  cause 
bra iding o r  meandering of t h e  channel 
over i t s  widened bed and lead t o  stream 
bank cu t t ing .  Increased bank erosion 
aggravates t h e  stream problems by 
introducing more sediment t o  t h e  channel 
and poss ib ly  causing more extensive 
i n s t a b i l i t y  of adjacent h i l l s l o p e s .  

In 

Although t h e  b io log ic  and geomorphic 
consequences of debr i s  i n  streams cannot 
ye t  be quant i f ied  i n  terms of f i s h e r i e s  
product iv i ty ,  sediment y ie ld ,  o r  o the r  
impacts, t h e r e  does seem t o  be a growing 
recogni t ion of t h e  importance of l a rge  
organic debr i s  i n  the  stream environment. 
P a s t  recommendations f o r  stream debr i s  
management s tate a need t o  maintain 
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moderate, premanagement l e v e l s  of l a rge  
stream debr i s  (Heede 1972a, b; Brown 
1974; Bustard and Narver 1975; and 
o the rs ) .  

Movement of Large Organic 
Debris Into Streams 

Large organic debr i s  en te r s  the 
t h e  stream channel by a v a r i e t y  of 
mechanisms. Several  of t h e  mechanisms 
are i n t e r r e l a t e d ,  allowing debr is  t o  
e n t e r  t h e  stream by a chain reac t ion  
of events.  

A high percentage of stream 
debr i s  i s  comprised of t r e e  tops,  
l a rge  limbs, and whole trees blown 
i n t o  streams by s t rong winds. 
p ieces  may land d i r e c t l y  i n  the creek 
o r  on t h e  adjacent h i l l s l o p e s  and 
then s l i d e  i n t o  t h e  creek. 
streams i n  narrow, s t eep  walled va l l eys  
may tend t o  receive  more l a rge  debr i s  
than streams flowing through similar 
timber s tands  on broad, f l a t  f lood 
p l a i n s .  

These 

Therefore, 

Undercutting o f  streambanks may 
a l s o  cause t r e e s  t o  t i p  i n t o  t h e  
channel. This process i s  p a r t i c u l a r l y  
e f f e c t i v e  i n  g e t t i n g  massive , s t a b l e  
roo t  wads and t r e e  t runks  i n t o  streams. 
In western Oregon this  process is most 
important on t h e  l a r g e r  streams which 
can rework t h e i r  flood plain. 
small first- , second-, and th i rd- order  
channels a r e  commonly cut on bedrock 
so t h e  streams have l imi ted a b i l i t y  
f o r  lateral cu t t ing .  (Stream order  
is defined by Harr (1976) and Leopold, 
Wolman, and Mil ler ,  1964). 

The 

In a v a r i e t y  of ways the  slow 
encroachment of deep-seated slumps 
and earthflows on stream channels 
leads t o  heavy loading o f  l imi ted  
reaches o f  channel (up t o  hundreds 
of yards) with both l a rge  organic 
debr is  and inorganic sediment 
(Swanson and James 1975). Earthflow 
movement t i p s  t r e e s  , making them 
highly  s e n s i t i v e  t o  windthrow. 
Earthflows a l s o  c o n s t r i c t  a stream 

channel u n t i l  a high discharge event 
undermines the t o e  of t h e  earthflow 
and t h e  opposite streambank, causing 
a s e r i e s  of small slumps and s l i d e s  
which carry organic matter, including 
whole trees, i n t o  t h e  channel. The 
continued closing of t h e  channel and 
i n s t a b i l i t y  of t h e  streambanks r e s u l t  
i n  t h e  formation of high s tacks  of 
loosely s t ruc tu red  debr is .  

Debris s l i d e s  and avalanches from 
adjacent h i l l s l o p e s ,  but  well  above 
t h e  influence of any streambank cu t t ing ,  
a l s o  introduce l a rge  organic matter t o  
stream channels. As discussed i n  the  
following sec t ion ,  these  events commonly 
r e s u l t  i n  debr is  t o r r e n t s ,  or "s luice  
outs t t ,  which pick up organic and inorganic 
material along t h e  channel as they move 
rapidly  downstream. 

I t  is of ten  d i f f i c u l t  t o  pin-point  
a s i n g l e  mechanism as t h e  means by which 
an individual  p iece  of l a rge  debr is  has 
entered t h e  channel. For example, a t  
t h e  toe  of an earthflow, t h e  combined 
fo rces  of bankcutting, windthrow, and 
deep-seated e a r t h  movement may work 
together-- the earthflow t ipp ing  t h e  
t r e e  and a iding streambank erosion,  
both o f  which render t h e  t r e e  highly 
suscept ib le  t o  blowdown. 

Movement of Large Organic 
Debris Along Streams 
Large pieces  of organic debr i s  

are moved through a stream system by 
a v a r i e t y  of mechanisms ranging from 
episodic  f lushing during extreme flood 
events t o  t h e  everyday release of 
dissolved o r  f i n e l y  divided material 
as a r e s u l t  of decomposition and physical  
breakdown by wood processing inver tebra tes .  
In many cases, streams bypass debr i s  
accumulations, leaving the  debr i s  buried 
i n  t h e  flood p l a i n  t o  decompose f o r  long 
periods u n t i l  t h e  stream cuts  back t o  
rework t h e  deposit .  These slow, per-  
s i s t e n t  processes of debr is  decay and 
breakup are probably dominant mechanisms 
of movement of l a rge  organic debr is  out  
of many western Oregon streams. I t  is 
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the:violent f lush ing  events,  houever, 
which p resen t  . t h e  g r e a t e s t  concern t o  
land managers .. Flushing .occurs e i t h e r  
by f l o t a t i o n  during h i g h  water o r  by 
t r a n s p o r t  i n  debr i s  . . torrents as l a rge  
volumes of organic d e b r i s ,  s o i l ,  rocks,  
and: water are "sluiced out" of. channels. 

. .  . .  

The.. a b i l i t y  o f  a 'stream o r  r i v e r  
t o  f l o a t  l a r g e  debr i s  ,depends on both 
t h e  s ize  of t h e  free-flowing p a r t  of 
t h e  water .course and t h e  s i z e  of 
debr i s . .  En) l a rge  r ive r s .  such as the 
<mai'n .branch o f  t h e  +McKenzie, near ly  
-any.piece  .of oxganic mater.ia1 that 
en te r s  t h e ' r i v e r  can b e . f l o a t e d  and 

. t r anspor ted  downriver. O f  course,  . 
smaller streams:. can f l o a t  only small 
.debr is .  . F.loated debr i s ,  e s p e c i a l l y  
i n  small -s treams, usual ly  does no t  
t r a v e l  far before it is s t randed 
on streambanks at  high flow l e v e l s  

. o r  against  obst ruct ions  i n  t h e  
:channel. Culverts. and stream crossings 

. are !par t i cu la r ly .  %roublesome obstruc-  
t i o n s  :which- may s u s t a i n  heavy damage 
fTom : f loa ted  d e b r i s  and assoc ia ted-  . 
draina'ge .pfoblems (Rothacher ,1959; 
Rothacher and .Glazebrook 1968) . 

. .  .. 1 , . .. , . . .  . 

.- Very large' .debris .can be t r a n s-  
por ted  through. small channels only i n  
d e b r i s  t o r r e n t s .  such as those described 
by Fredriksen (1963, 1965). Such 
highly 'destrucfive:events are of 
g rea t  concern, ; t o1  land managers. 
Torrents d&nage roads',' 'denude s i g n i-  
ficant. ,are,as of t imber growing land, 
and. severe ly :  d i s t u r b  .the stream., 
environment , . , . -  .:._ . 

by: the  breakup ,of debr i s  jams i n  a 
chqmel ,  t h e  c o l l a p s e -o f  a road fi.11 
i n  a channe;l way,: o r  a s l i d e  en te r ing  
th'e channe.i' from . the  ,adjacent. h i l l s l o p e .  
S l ides  and d!ebris ava.lanches from 

. * e  ' - ,  : ... 
Debris ' : torrents  may be t r iggered  

. 

, h i l l s l o p e s  .may t r i g g e r  debr i s  t o r r e n t s  
' i n  several. ways. S l i d e ' d e b r i s  may , 

e n t e r  t h e ,  channel and temporarily block 
it, backing up a small lake u n t i l  t h e  

.dam is. sa tu ra ted  o r  undercut,  r e l e a s i n g  
a surge of de-bris down t h e  channel.' 

. In  many cases s l i d e  d e b r i s  probably 
moves d i r e c t l y  down t h e  channel, main- 

t a i n i n g  the momentum picked up coming 
down t h e  steep s lope at  t h e  s i d e  o r  
head of t h e  stream. 

Regardless o f  t h e  t r i g g e r i n g  
mechanism, once a d e b r i s  t o r r e n t  has 
begun, it moves r a p i d l y  down channel, 
en t ra in ing  sediment and debr i s  i n  t h e  
channel a d  s o i l ,  organic  d e t r i t u s ,  
and l i v i n g  vegetat ion from adjacent 
h i l l s l o p e s  as it  scours t h e  streambed 
and banks. Decreasing stream gradient  
and channel obs t ruc t ions ,  including 
heavy s tands  o f  t imber,  eventual ly  
s t o p  t h e  t o r r e n t  and c r e a t e  an a rea  
of deposi t ion.  
i n  channels l a r g e r  than second- o r  
th i rd- order  because a s t e e p  channel 
gradient  is' needed t o  maintain t h e  
momentum of t h e  churning mass of  debr i s .  

Such t o r r e n t s  are r a r e  

Torrents .commonly scour up t o  20 
fee t  on t h e  streambanks, exposing bare 
s o i l  which i s  sub jec t  t o  su r face  erosion 
and small scale slumping and sloughing 
f o r  a per iod  of years  after t h e  i n i t i a l  
event.  
downstream as bedload and c o l l e c t s  
behind t h e  sediment and debr is  deposited 
by t h e  t o r r e n t .  
t h e  organic matter i n  t h e  jam acts as a 
regu la t ing  valve,  r o t t i n g  over t h e  
course of one t o  two cen tur ies  and 
slowly r e l e a s i n g  t h e  s to red  mineral 
sediment t o  downstream areas. 

This material i s  eventual ly  moved 

In low gradient  s e t t i n g s  

T o  develop a f e e l i n g  f o r  t h e  fre-  
quency and s ign i f i cance  of debr is  t o r r e n t s ,  
we can t u r n  t o  two study si tes i n  t h e  
Cascades. The H. J .  Andrews Experimental 
Forest  near  Blue River,  Oregon, has 
experienced at  least 38 debr i s  t o r r e n t s  
s ince  1950'. These events scoured 
bet'ween 50 and 1,650 yd of stream 
channel each. Morrison (1975) s tud ied  
15 debr is  t o r r e n t s  which occurred i n  the  
Alder Creek drainage,  a t r i b u t a r y  t o  
F a l l  Creek i n  t h e  Willamette National 
Fores t .  He estimated t h e  debr i s  t o r r e n t s  
i n  the '  4,300-acre drainage scoured s o i l  

1 
Swanson, Frederick J .  Unpublished 

d a t a  on f i l e  at t h e  School of Forest ry ,  
Oregon S t a t e  Univers i ty ,  Corva l l i s .  
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from'about 17 acres  of s treamside 
h i l l s l o p e s  i n  t h e  p a s t  90 years .  
45 percent  of  t h i s  erosion w a s  t h e  
r e s u l t  of management a c t i v i t i e s  during 
t h e  p a s t  11 years .  

About 

S i t e  
h i l l s lope s l ides  i n  1975 

The s i t e s  where debr i s  t o r r e n t s  
were i n i t i a t e d  have been analyzed t o  
determine land management h i s t o r y  and 
whether o r  not  s l i d e s  from adjacent  
h i l l s l o p e s  appeared t o  have s t a r t e d  
t h e  debr i s  t o r r e n t  ( t ab le  1 ) .  These 
da ta  ind ica te  s l i d e s  from h i l l s l o p e s  
a r e  t h e  dominant mechanism of i n i t i -  
a t ing  debr is  t o r r e n t s ,  having been 
a cont r ibut ing  f a c t o r  i n  83 percent  
of  t h e  53 t o r r e n t s  analyzed. The 
dominance of  roads as s l i d e  i n i t i a t i o n  
sites (Dyrness 1967; Morrison 1975; 
Swanson and Dyrness 1975) i s  r e f l e c t e d  
i n  t h e  high frequency of  debr is  
t o r r e n t s  t r igge red  by road- re la ted  
s l i d e s  ( t ab le  1 ) .  Most ,of  t he  road 
f a i l u r e s  t h a t  r e su l t ed  i n  debr is  
t o r r e n t s  were f i l l  f a i l u r e s  i n  s t e e p  
headwall s e t t i n g s  where organic debr is  
had no apparent r o l e  i n  t r igge r ing  
t h e  s l i d e .  
appear t o  have been i n i t i a t e d  i n  stream 

Only n ine  of t h e  t o r r e n t s  

* Per square 

per year related s l ide  

channels i n  fo res t ed  and c l ea rcu t  a reas .  
In  these s e t t i n g s ,  mobil izat ion of  organic 
debr is  i n  t h e  channels i s  a l i k e l y  t r i g -  
gering mechanism for t o r r e n t s .  
of these  cases,  slump and earthflow movement 
i n t o  t h e  stream probably contr ibuted s ign i-  
f i c a n t l y  t o  channel i n s t a b i l i t y .  In  one 
drainage where t h e  headwaters have been 
cle.arcut and t h e r e  is  a c t i v e  deep-seated 
m a s s  movement, t h e  channel has had t h r e e  
debr is  t o r r e n t s  i n  t h e  p a s t  25 years.  
A la rge  fan  of debr is  at  t h e  foo t  of t h e  
watershed ind ica te s  debr is  torrent 's  a l s o  
occurred f requent ly  before t h e r e  were 
any management a c t i v i t i e s  i n  t h e  area .  

In s i x  

Although these  ,reconnaissance s tud ies  
wgges t  t h a t  d e b r i s ' i n  streams i s  no t  a 
primary cause of debr is  t o r r e n t s  i n  t h e  
Cascades, debr is  is  commonly bel ieved t o  
aggravate t h e  des t ruc t iveness  of t o r r e n t s  
once they have begun. As a t o r r e n t  moves 
down ch-mnel, it picks up debr is  which 
had previously col lec ted  i n  t h e  channel. 
The work of Froehlich (1973) and o thers  
ind ica te  t h i s  may amount t o  more than 
20 tons of downed organic mat ter  pe r  
100 f t  of  stream channel. 
of  entrained debr i s ,  however, may cause 

Large volumes 

Table l - - W - u s e  s ta tus  of triggering s i t e s  of debris torrents  in the 
E .  J .  Andrews ExperhentaZ Forest' aad A&r beck drainage 

Debris torrents 

- - - - - - - - - Number - - - - - - - - - - Years 
H .  J .  Andrews Experimental Forest (15,860 acres): 
C1 e arcu t 18.7 25 5 6 11 0.10 
Road 3.3 25 17 -- 17 .83 
Forest 78.0 25 9 1 10 .02 

Total 100.0 -- 31 7 38 -- 
Alder Creek drainage (4,300 acres) : 
C1 earcu t 26.0 15 2 1 3 .ll 
Road 3.5 15 6 -- 6 1.67 
Forest 70.5 90 5 1 6 . 01 

Total 100.0 -- 13 2 15 -- 

'Swanson, Frederick J .  Unpublished data on f i l e  a t  the School of Forestry, Oregon State '  
University, Corvall is. 
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a t o r r e n t  t o  s top  sooner due t o  increased 
f r i c t i o n  among t h e  l a rge  pieces  o f  d e b r i s  
being churned along and agains t  the adja-  
cent va l l ey  w a l l s  and vegeta t ion.  
may be a t r a d e  off of  s h o r t e r ,  wider 
t o r r e n t  t r acks  down debris f i l l e d  
channels i n  comparison with longer,  
narrower t r acks  i n  c leared streams. 
From observations i n  t h e  H. J. Andrews 
Experimental Forest  and Alder Creek 
Watershed , it appears des t ruct iveness  
of t o r r e n t s  reflects t h e  volume of 
s l i d e  material i n i t i a l l y  enter ing 
the  stream r a t h e r  than t h e  p r e t o r r e n t  
debr is  load of t h e  channel. 

There 

Origins of Debris Accu mu1 at ions 
The s p a t i a l  d i s t r i b u t i o n  of debr is  

accumulations i n  streams i s  control led  
by the  s t a b i l i t y  of adjacent s o i l s  and 
timber, t h e  h i s t o r y  of debr i s  movement 
down t h e  channel, t h e  shape of t h e  
channel , and perhaps o t h e r  processes.  
Accumulations may form as a r e s u l t  of. 
instream s o r t i n g  during high streamflow. 
In  l a r g e r  streams t h e r e  i s  g r e a t e r  
opportunity f o r  debr i s  t r anspor t  
and s o r t i n g  t o  take  place;  consequently, 
t h e  debr is  i n  intermediate and l a r g e  
streams tends t o  be  concentrated i n  
d i s t i n c t  accumulations. Generally , 
organic debr is  i n  small streams is  
randomly d i s t r i b u t e d .  Because of 
t h i s  s c a t t e r i n g  of debr i s  and t h e  
l a rge  s i z e  of individual  p ieces  
r e l a t i v e  t o  channel dimensions, it 
i s  seldom poss ib le  t o  i d e n t i f y  
individual  accumulations i n  first- 
and second-order streams. 

Accumulations may a l s o  o r ig ina te  
from inf luences  outs ide  t h e  channel 
where severa l  l a rge  pieces  of debr is  
e n t e r  t h e  stream i n  a s i n g l e  event.  
This may happen where a group of 
t r e e s  a r e  blown down i n  "dominof1 
fashion,  where streamside o r  h i l l s l o p e  
s l i d e s  e n t e r  a stream, o r  where 
deposi t ion occurs a t  the  end o f  a 
debr i s  t o r r e n t  t r a c k .  

The mode of o r i g i n  of an accumu- 
l a t i o n  determines i t s  s t r u c t u r e  and 
funct ion.  For example, t h e  large  

accumulations at the toes  of earthflows 
tend t o  be high, open s tacks  of debr i s  
which are very i n e f f i c i e n t  a t  trapping 
sediment and d ive r t ing  water movement. 
On t h e  other  hand, debr i s  t o r r e n t  accwnu- 
l a t i o n s  a r e  t y p i f i e d  by t i g h t  networks 
of organic debr i s  with t h e  upstream 
por t ion  flooded with inorganic  sediment. 
Such a s t r u c t u r e  e f f i c i e n t l y  t r a p s  
sediment t ranspor ted  from upstream. 

Most debr i s  accumulations are formed 
by a v a r i e t y  of i n t e r a c t i n g  mechanisms 
operating i n t e r m i t t e n t l y  throughout the  
h i s t o r y  of t h e  accumulation. 
i n  a second- o r  th i rd- order  channel, an 
i n i t i a l  accumulation may be formed by 
severa l  p ieces  of blowdown. 
obst ruct ion may then t r a p  f i n e r  f l o a t e d  
d e b r i s ,  f u r t h e r  c los ing o f f  t h e  channel 
and de f l ec t ing  the  stream agains t  the  
bank. The r e s u l t i n g  erosion may undermine 
t h e  bank and cause l a r g e  pieces  of 
streamside vegeta t ion t o  f a l l  i n t o  t h e  
stream. Such a h i s t o r i c a l  sequence may 
span severa l  decades marked by pe r iod ic  
s h i f t s  i n  the  conf igura t ion of the  
accumulation as l a rge  storms change the  
stream channel and the  amount of trapped 
sediment. 

For example, 

This channel 

Case Studies 
I t  i s  use fu l  t o  examine case s t u d i e s  

of seGeral streams t o  i l l u s t r a t e  how 
these  genera l iza t ions  about the  o r ig ins ,  
h i s t o r y ,  and consequences of p ieces  and 
accumulations of d e b r i s  apply i n  r e a l  
streams. 
l a rge  organic debr i s  i n  severa l  western 
Oregon streams. These ,streams have been 
the  sub jec t  of o ther  b io log ic  and geo- 
morphic research;  and they were se lec ted  
t o  represent  a v a r i e t y  of drainage areas, 
s tand types and ages, management h i s t o r i e s ,  
and geologic and geomorphic s e t t i n g s .  In 
each study area ,  at  l e a s t  800 f t  of stream 
channel were mapped. Here we present  
observations on sec t ions  of f i v e  channel 
reaches : 
of an intermediate s i z e  stream, Mack Creek; 
an old-growth reach of a smaller  stream, 
Zog Creek; and two unnamed streams flowing 
through young s tands  developed after wild- 
f i r e s  75 and 135 years  ago. A l l  streams 

For t h i s  reason,  we have s tudied 

c lea rcu t  and old-growth sec t ions  
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dra in  areas of  volcanic  bedrock of t h e  
western Cascade range i n  land managed 
by t h e  Willamette National Fores t .  

The study sec t ion  of Mack Creek, 
located i n  t h e  H. J .  Andrews Experi- 
mental Forest  near  Blue River is  a 
th i rd- orde r  channel which dra ins  about 
1,500 acres .  
about 10 percent .  Where streamflow 
i s  no t  influenced by organic debr is ,  
t h e  bed is  made-up of  l a rge  boulders 
up t o  6 f t  i n  diameter. 

The channel gradient  i s  

Zog Creek i s  located 30 m i  e a s t  
of  Eugene i n  t h e  Alder Creek drainage 
which has r ecen t ly  been t h e  sub jec t  
of  erosion s t u d i e s  by Morrison (1975). 
The study sec t ion  dra ins  approximately 
160 acres .  The mapped channel has an 
average gradient  of  about 30 percent ;  
and where t h e r e  i s  l i t t l e  inf luence  
of  organic debr is ,  it flows over a 
s e r i e s  of  bedrock chutes and patches 
of  gravel .  

The unnamed streams flowing 
through young s tands  a r e  t r i b u t a r i e s  
of  Blue River just nor th  o f  t h e  H.  J .  
Andrews Experimental Fores t .  These 
boulder dominated streams dra in  
watersheds of  less than 40 acres. 

Met hods 
In each of  t h e  study reaches t h e  

stream channel and all pieces of organic 
debr i s  longer than 5 f t  were mapped 
using a t ape ,  r q g e - f i n d e r ,  and 
compass. For each s i g n i f i c a n t  p iece  
of  debr is  o r  debr i s  accumulation, da ta  
were co l l ec t ed  descr ib ing  t h e  s i z e  of 
p r i n c i p a l  p ieces  of debr i s ,  i t s  
s t a b i l i t y ,  o r ig in ,  and degree of 
decomposition; t h e  volume of trapped 
sediment; he ight  of debris- influenced 
drop i n  water l eve l ;  and, channel 
c h a r a c t e r i s t i c s .  Since most l a rge  
p ieces  i n  t h e  study a rea  had not  been 
t ranspor ted  by t h e  stream, t h e  o r ig ins  
of most p i eces  of  debr is  more than 
20 t o  30 f t  i n  length could be 
determined by ca re fu l  inspect ion  of 
t h e  pos i t ion  of t h e  roo t  wad o r  nearby 
snags o r  topped and downed t r e e s .  

The time of emplacement o f  ind i-  
vidual  p ieces  i n  t h e  Mack Creek sec t ion  
w a s  estimated by da t ing  small t r e e s ,  
commonly western redcedar and western 
hemlock, which were gTowing on the  
debr is .  These est imates are c l e a r l y  
minimum values because a period of 
perhaps 5 o r  more years  may have 
elapsed before establishment. In  
some cases, i t  w a s  poss ib l e  t o  d a t e  
scars on l i v i n g  trees damaged by t h e  
l a rge  debr i s  f a l l i n g  i n t o  t h e  channel. 
Where dated debr i s  ove r l i e s  o ther  
mater ia l ,  it w a s  assumed t h a t  t h e  
underlying mater ia l  was o lde r  than 
t h e  dated log .  

Results 
ZOG CREEK 

The 200-ft reach of Zog Creek 
mapped i n  f i g u r e  2 is  t y p i c a l  of many 
small western Oregon and Washington 
streams flowing through a s t eep  walled 
va l l ey  (average s ides lopes  about 90 
percent)  and an old-growth Douglas-fir,  
western redcedar, and western hemlock 
f o r e s t .  The abundant l a rge  organic 
debr i s  has a g rea t  influence on t h e  
stream--31 p ieces  of debr is  5 o r  more 
f e e t  i n  length have some influence over 
t h e  movement of sediment and water 
through the  200-ft s ec t ion .  Deeply 
scoured pools a r e  formed a t  f a l l s  o r  
a reas  of  convergent flow below obstruc- 
tions. Approximately 32 percent of 
t h e  drop of  t h e  stream is  influenced 
by d e b r i s .  The debr is  has trapped an 
estimated 25 yds of  sediment i n  small 
ba r s  and shallow pools above obs t ruc t ions .  
All of t h e  l a rge  debr is  appears t o  be 
very s t a b l e .  Several  trees of  about 
1 .5- f t  dbh have grown on old,  r o t t e n  
p ieces  of debr is  i n  t h e  channel, sug- 
ges t ing  t h a t  as t h e  old debr is  was 
los ing  s t r eng th  during decomposition, 
it was a l so  being anchored and re inforced 
by t h e  developing roo t  system of the  
l i v ing  t r e e .  This a l s o  ind ica te s  t h a t  
t h e  channel has experienced no v io len t  
f lushing event i n  t h e  pas t  60 p lus  years.  
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Figure  2.--Map of l a r g e  o r g a n i c  d e b r i s  and other m a t e r i a l  
i n  a 2 0 0- f t  forested section of Zog Creek. 

MACK CRE.EK - FORESTED SECTION 

Maps of two adjacent  200-ft 
sec t ions  of .Mack Creek are shown i n  
figures 3 and ,4 .  This stream reach 
i s  probably represen ta t ive  of s t e e p  
channels 20 t o  30 f t  i n  width flowing 
through old-growth s tands  i n  t h e  
Pacific Northwest.. As i n  t h e  case of 
Zog Creek, Mack Creek contains abundant 
coarse organic debr i s .  The s tudy area 
i s  p a r t  of a stream sec t ion  i n  which 
Froehlich e t  a l .  (1972) measured 
11.7 tons  of l a r g e  debr i s  (g rea te r  
than 4 i n )  pe r  100 f t  of channel. 

The l a rge  debr i s  i n  t h e  fo res ted  
s e c t i o n  o f  Mack Creek forms a series 
of d i s t i n c t  accumulations which play 
a v a r i e t y  of  r o l e s  i n  t h e  stream ' 

environment. Accumulations MA-14 and 
MA-18 ( f i g s .  3 and 4) converge t h e  
flow i n t o  a scoured pool near  t h e  
cen te r  of  t h e  channel'; MA-13 and MA-15 
d e f l e c t  t h e  stream away from one bank, 
forming scour pools  aga ins t  t h e  far  
bank; MA-16 and MA-17 e f f e c t i v e l y  . 
i n t e r c e p t  sediment and f l o a t a b l e  f i n e  
organic matter across  t h e  e n t i r e  
channel and develop broad, shallow, 
depos i t iona l  pools upstream and deeper , 
narrower plunge pools a t  t h e  base of 
f a l l s ;  MA-12 i s  mainly f l o a t e d  debr i s  

thrown up on the  bank on t h e  ou t s ide  
of a bend, thereby o f f e r i n g  some pro- 
t e c t i o n  from streambank undercut t ing.  
These accumulations have trapped and 
temporarily s t a b i l i z e d  over 300 yd3 of 
sediment. The debr i s  a l s o  inf luences  
about 50 percent  o f  t h e  drop of  t h e  
stream through t h i s  400- ft  reach. A 
v a r i e t y  of d a t a  on each accumulation 
is shown i n  t a b l e  2 .  

Most pieces  of debr i s  more than 
30 f t  i n  length 'have no t  moved s i n c e  
they entered t h e  stream as windfal l .  
Only a few trees appear t o  have been 
undercut by t h e  stream p r i o r  t o  toppl ing 
i n t o  t h e  channel. The accumulations are 
composed of  10 t o  60 percent  f l o a t e d  
debr i s  u p . t o  about 25 f t  i n  length.  

Minimum dates  on t h e  emplacement 
of major pieces  of debr i s  i n d i c a t e  they 
have had s u r p r i s i n g l y  long h i s t o r i e s  
of  s t a b i l i t y  i n  t h e  channel ( t a b l e  2 
and f i g u r e s  3 and 4 ) .  Five of  t h e  seven 
accumulations o r ig ina ted  more than 20 
y,ears .ago, and MA-13 appears t o  be i n  
p a r t  more than 100 years  o ld .  
ind ica tes  t h a t  f lush ing  of  major p ieces  
of debr i s  through t h i s '  channel has not  
occurred i n  t h e  past century.  

This 

In t h e  mapped stream reach,organic 
d e b r i s  has g r e a t l y  modified gross 
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F i g u r e  3.--Map o f  l a r g e  o r g a n i c  d e b r i s  and other m a t e r i a l  i n  a 2 0 0- f t  
f o r e s t e d  section of Mack Creek i m m e d i a t e l y  ups t ream from the section 
i n  f i g u r e  4 .  

-- - 

/ - - - -WATER FLOC --TRAPPED SEDIMENT 
--LOG: HEIGHT AB'OVE LOW WATER, F T  ,*!-LARGE ROCK 

=-ROOT WAD MA- I3 -ACCUMULATION NUMBER 0-0 
'%%%-FLOATED ORGANIC DEBRIS - MIMIMUM TIME AT SITE,YR FEET 

\ 

F i g u r e  4.--Map of  l a r g e  o r g a n i c  d e b r i s  and other m a t e r i a l  i n  a 2 0 0- f t  
f o r e s t e d  section o f  Mack Creek i m m e d i a t e l y  downstream f r o m  the section 
shown i n  f i g u r e  3 .  
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Table 2--Data on debris accumuZations in 400-foot section of forested Mack 
Creek. Shawn in figures 3 and 4 .  Ages were determrined i n  1975.  

Debris Debris 
accumulation f ~ ~ ~ ~ n ~ ~ $  

Trapped c ~ ~ ~ : ~ ’  Floated c$z $ 
sediment affected debris 

Feet 
MA-12 0 

. MA-13 3 
MA-14 0 
MA-1 5 0 
MA- 16 a 
MA-17 5 

4 WA-18 
20 
- 

Cubic years 

15 
45 
40 
5 

120 
50 
30 

305 
- .  

Percent 

30 
60 
100 
30 
100 
75 
80 

Percent 

60 
10 
50 
10 

25 
50 
40 

Years 

6 3+ 
108t 
21+ 
21+ 
30+ 
11+ 

9 to 10 

channel morphology i n  two cases. 
Accumulations MA-16 and MA-17 have 
caused a pronounced widening of  t h e  
channel by developing overflow channels 
along t h e  e a s t  bank. 
MA-13 began over 100 years ago when 
t h e  c e n t r a l  p iece  of t h e  accumulation, 
a massive western redcedar,  f e l l  
diagonally up t h e  channel, perhaps 
as a r e s u l t  of  streambank cu t t ing .  
As  o the r  organic  debr i s  col lec ted  
agains t  t h i s  obs t ruc t ion ,  t he  channel 
was more e f f e c t i v e l y  d iver ted  i n t o  
t h e  eroding streambank; s o  now most 
of  t h e  streamflow goes around t h e  
accumulation. 

The h i s t o r y  of  

MACK CREEK - CLEARCUT SECTION 

A 200-ft s ec t ion  of t h e  c l ea rcu t  
po r t ion  of Mack Creek i s  shown i n  
f i g u r e  5. The area w a s  cut but not  
yarded before t h e  winter  of  1964-65. 
Extremely high stream flows during 
winter  moved logs,  s l a s h ,  and roo t s  
downstream and lodged them behind a 
massive, pre- exis t ing  debr i s  jam i n  
a s tand of  o ld  growth at  t h e  base of  
t h e  u n i t .  Froehlich e t  a l .  (1972) 
found t h e  c l ea rcu t  s ec t ion  contains 
only about 4 percent  of t h e  l a rge  
debr is  observed i n  t h e  fo res t ed  sec t ion  
immediately upstream. They a l s o  found 

- 
0 IO 20 

FEET 

/-WATER FLOW 

--ROOT WAD 
*-LOG: HEIGHT ABOVE LOW WATER, FT 

V B - F L O A T E D  ORGANIC DEBRIS 

Figure 5.--Map of large organic debris and other material i n  a 2 0 0- f t  clearcut 
section of Mack Creek downstream from sections shown i n  figure 3 and 4 .  
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the f i n e  debr i s  i n  the c lea rcu t  area 
w a s  44 percent of t h e  concentrat ion 
i n  t h e  fo res ted  stream reach 7 years  
after  logging. The la rge  d e b r i s  
present  has  p r a c t i c a l l y  no inf luence 
on sediment s torage and the p a t t e r n  
of pools ,  fa l ls ,  and r i f f l e s .  A l l  of 
t h e  debr i s  i n  t h e  channel appears t o  
be f l o a t a b l e  at  high streamflow. 
Although we do not know channel con- 
d i t i o n s  before logging and roadbuilding, 
t h e  present  appearance and d i s t r i b u-  
t i o n  of the  debr is  ind ica tes  none of 
t h e  prelogging debr is  is  i n  i t s  
o r i g i n a l  pos i t ion .  

Streams in Young Stands 

The stream flowing through t h e  
75-year-old s tand contains numerous 
pieces  of l a rge  organic debr i s  derived 
from t h e  previous old-growth s tand as 
well as smal ler  diameter p ieces  from 
t h e  p o s t f i r e  s tand.  The o lde r  debr is  
s t i l l  has an important inf luence on 
t h e  movement of sediment and water 
through t h e  channel. The stream i n  
t h e  135-year-old s tand a l s o  contains 
abundant debr i s ,  but  p ieces  from the  
p r e f i r e  s tand a r e  h ighly  decomposed 
and have less inf luence on t h e  stream 
than debr i s  from the  p o s t f i r e  s tand.  
Large organic debr i s  is  an important 
f a c t o r  i n  these  stream environments 
even after  severe  w i l d f i r e s .  

Discussion 
The quan t i ty  of debr i s  i n  a 

stream channel a t  any time r e f l e c t s  
a balance between t h e  processes con- 
t r o l l i n g  t h e  debr is  inputs  and outputs 
of t h e  stream system. Factors which 
control  the  input  of l a rge  debr is  are 
age and condit ion of t h e  surrounding 
timber s tand,  t h e  s t a b i l i t y  and s teep-  
ness of banks and adjacent h i l l s l o p e s ,  
and t h e  a b i l i t y  of t h e  stream t o  
t r anspor t  i n  new mater ia l  from 
upstream channel areas .  The export 
of l a rge  organic debr i s  is determined 
by t h e  a b i l i t y  of the  stream t o  f l o a t  
debr i s  downstream, rates of decomposi- 
t i o n  and physical  breakdown of debr i s  
i n  channels, and t h e  p robab i l i ty  of 

debr is  t o r r e n t s  f lushing out the channel. 
In  many ins tances  input and output take  
place  i n  sporadic events occurring every 
few decades OT cen tu r ies .  These include 
major episodes of blowdown, extreme 
discharge events,  debr i s  t o r r e n t s ,  
and stream cleanup following logging, 
In  most streams, however, it i s  a 
continual  give and take  s i t u a t i o n ,  with 
one debr is  accumulation slowly growing 
a s  it t r a p s  f l o a t e d  mater ia l  while the  
next accumulation along t h e  stream may 
be collapsing and breaking up i n t o  small, 
f l o a t a b l e  p ieces  a f t e r  a long per iod of 
r o t t i n g .  I t  is, the re fo re ,  important 
t o  view t h e  status of stream debr is  i n  
a h i s t o r i c a l  perspect ive .  

Several l i n e s  of evidence suggest 
t h a t  during premanagement time, small 
streams have had high concentrat ions 
of debr is  throughout most s t ages  of 
succession of t h e  surrounding vegetation.  
Rott ing of logs  i n  o r  above streams is 
appreciably slower than where they are 
lying on t h e  ground. Therefore, debr i s  
may have a long residence time i n  t h e  
stream environment, poss ib ly  remaining 
i n  channels well i n t o  a second-growth 
s tand developed after wi ld f i re .  Flushing 
of channels appears t o  be control led  more 
by slope s t a b i l i t y  f a c t o r s  (debris  s l i d e  
and earthflow a c t i v i t y  within the  drainage) 
than by cycles of debr i s  accumulation i n  
the  channel t h a t  are terminated by 
pe r iod ic  cleaning. These observations 
ind ica te  small streams draining moderately 
s t a b l e  watersheds have contained abundant 
l a r g e  organic debr i s  f o r  much of t h e  p a s t  
few thousand years .  

Many of the  b a s i c  elements of the  
h i s t o r y  and funct ion of l a rge  stream 
debr is  are c l e a r l y  seen i n  the  study 
sec t ions  of Zog and Mack Creeks. On 
t h e  b a s i s  of  these  f i e l d  s t u d i e s ,  we 
conclude t h a t  (1) la rge  coficentrations 
of debr i s  i n  streams occur na tu ra l ly ;  
(2) debr is  may have residence times t o  
more than a century; (3) debr i s  increases  
t h e  "roughness" of t h e  channel, causing 
sediment and f l o a t e d  organic matter  t o  
be trapped and slowing t h e  movement of 
these  materials through the  stream system; 
(4) a la rge  proport ion of t h e  stream drop 
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i s  i n  f a l l  over debr i s ,  thereby d i s s i -  
pa t ing  much of the stream's. energy a t  
a few p o i n t s  along the channel rather 
than more uniformly along the channel 
as is t h e  case i n  similar streams 
which are debr is- free;  and (5) the 
impact of l a rge  debr i s  on channel 
morphology is complex because debr i s  
causes widening and narrowing, 
deepening and shallowing, and s t a b i l i -  
zat ion and d e s t a b i l i z a t i o n  at d i f f e r e n t  
p o i n t s  along t h e  channel bed and banks. 
On l a r g e r  streams which can f l o a t  
most of t h e  debr i s  which e n t e r s  them, 
t h e  d e b r i s  p lays  a r a t h e r  mindr r o l e  
i n  t h e  stream environment. 

In add i t ion  t o  stream s ize ,  t h e  
r o l e  of d e b r i s  i n  streams a l s o  v a r i e s  
i n  response t o  some f a c t o r s  which 
change i n  a roughly systemat ic  
fashion from one geographic area o f  
t h e  S t a t e  t o  another.  For example, 
many streams i n  t h e  Klamath Mountains 
c a r r y  heavy gravel  loads,  but  streams 
draining t h e  sandstones of t h e  Coast 
Ranges general ly  contain  l i t t l e  gravel .  
P lan t  communities a l s o  vary between 
t h e  two areas. Consequently, t h e  
con cent ra t  ion,  s t a b  i 1 i t y  , and funct ion 
of stream debr i s  i s  l i k e l y  t o  vary 
s i g n i f i c a n t l y ,  n e c e s s i t a t i n g  d i f f e r e n t  
management s t r a t e g i e s .  In  Coast 
Range streams, d e b r i s  might p r o f i t a b l y  
be managed a t  somewhat higher  con- 
cen t ra t ions  t o  slow bedload movement 
and enlarge spawning areas; but i n  

. sediment- rich Klamath Mountain streams 
lower l e v e l s  of  debr i s  may f a c i l i t a t e  
t h e  movement of gravel  and reduce 
aggradation and bank cu t t ing .  Such 
g e n e r a l i t i e s  c l e a r l y  requ i re  more 
study, b u t . t h e y  may eventual ly  be 
useful  i n  developing regional  guidel ines  
f o r  debr i s  management. 

Clearcut t ing and cleaning o f  t h e  
stream cor r idor  w i l l  have d i f f e r i n g  
impacts under d i f f e r e n t  stream condi- 
t i o n s ;  b u t ,  i n  general ,  these  a l t e r a t i o n s  
have t h r e e  important effects on stream 
debr i s :  (1) removing l a rge ,  pre- exis t ing 
s t a b l e  pieces  of debr i s  from t h e  stream; 
(2)  poss ib ly  increasing t h e  concentration 
of small. unstable  debr i s  both bv f r e s h  

input  t o  the  channel. and by release of 
material previously  s to red  behind l a rge  
debr i s ;  and (3) e l iminat ing t h e  source 
of f r e s h ,  p o t e n t i a l l y  s t a b l e  pieces  by 
removing t h e  timber s tand.  Consequently, 
a c leared stream is  deprived of coarse 
organic mat ter  u n t i l  it is supplied by 
debr is  t r anspor t  from fores ted  sec t ions  
upstream o r  u n t i l  t h e  second-growth s tand 
begins t o  supply f r e s h  inputs  o f  l a r g e  
debr i s .  This second f a c t o r  is  a long- 
term proposi t ion which may be shor t-  
c i r c u i t e d  by frequent cropping of  t h e  
t r e e s .  

What are t h e  long-term consequences 
o f  e l iminat ing l a r g e  organic matter 
from streams? O f  course,  it i s  impossible 
t o  answer with ce r ta in ty ;  but  i t  seems 
l i k e l y  many small streams w i l l  undergo 
downcutting and become e f f e c t i v e l y  
ltchannelizedll on bedrock o r  a s t a b l e  
boulder pavement. 
previously  flowed over a series o f  
s t e p s  formed by debr i s  w i l l  assume a 
more uniformly s t e e p  p r o f i l e  and 
experience o ther  changes i n  channel 
geometry. 
decrease i n  d i v e r s i t y  of stream h a b i t a t  
as b i o l o g i c a l l y  productive,  debr is-  
r e l a t e d  deposi t ional  pools are eliminated.  
Increased water v e l o c i t y  w i l l  a lso .con-  
t r i b u t e  t o  t h e  accelerated t ranspor t  of 
f i n e  organic  matter through t h e  channel 
system, thereby decreasing t h e  opportunity 
of stream organisms t o  process t h e  
material. Consequently, t h e  removal of  
l a rge  debr i s  from streams may reduce 
long-term b io log ica l  p roduc t iv i ty  and 
inc rease  t h e  ra te  of sediment t r a n s f e r  
from headwater streams t o  downstream 
areas. 

A stream which had 

There w i l l  be a r e s u l t i n g  

Progressive design and management 
of logging operat ions  and/or buf fe r  
s t r i p s  (Froehlich 1973, Brown 1974) w i l l  
he lp  t o  minimize t h e  impacts of both 
long- and short- term a l t e r a t i o n s  of 
t h e  stream environment. Some generalized 
guidel ines ,  now prac t i ced  i n  many 
management circles,  are : 

1)  Minimize or  e l imina te  any input 
of new mater ia l  t o . t h e  stream, 
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Base stream cleaning decis ions  
on b io log ica l  considerat ions .  
Money f o r  cleaning t o  minimize 
debr i s  t o r r e n t  hazards i n  
channels might be b e t t e r  spent 
on improved roads and logging 
layout ,  

Leave p re- ex i s t ing ,  s t a b l e  
p ieces  of l a rge  debr i s  i n  t h e  
stream without dis turbing 
them. This could be done by 
c ru i s ing  t h e  channel and marking 
l a rge  s t a b l e  pieces  t o  be l e f t  
by t h e  logger. If f l o a t a b l e  
logging s l a s h  does e n t e r  t h e  
stream, t h e  presence of s t a b l e  
p ieces  may help  minimize t h e  
t h e  type of f lush ing  problems 
described by Rothacher (1959). 

When considering t h e  t rade- of f s  
o f  b u f f e r  s t r i p s ,  recognize 
them as f u t u r e  sources of 
l a rge  s t a b l e  debr i s  fo r  t h e  
stream. Maintaining buf fe r  
s t r i p s  may help  t o  keep some 
stream management options 
open i f  f u r t h e r  s tudy demon- 
strates i n  c e r t a i n  s i t u a t i o n s  
streamside s tands  are important 
as sources of l a r g e  organic 
matter f o r  t h e  stream. 

The management of  massive debr is  
jams presen t s  a s p e c i a l  set  of problems. 
There p r e s e n t l y  seems t o  be a s t rong 
concern t o  remove jams because, 
although they do occur n a t u r a l l y ,  
many s tand  as monuments t o  pas t  
management mistakes.  Where jams have 
trapped la rge  volumes of mineral sed i-  
ment containing abundant f i n e  mate r ia l  , 
as i s  o f t e n  t h e  case i n  deposi t ional  
areas of debr i s  t o r r e n t s ,  t h e r e  are 
d i s t i n c t  advantages t o  not  removing 
t h e  l a rge  organic debr i s .  
is  o f ten  one of re leas ing  a la rge  
volume of  sediment over a few years  
o r  allowing i t  t o  be n a t u r a l l y ,  slowly 
routed downstream over much longer 
per iods  of time. 

The question 

With both moderate and excessive 
debr i s  loads i n  streams, t h e r e  i s  no 

s ing le ,  simple se t  of r u l e s  which can 
be applied indiscr iminate ly  throughout 
western Oregon. Each s -ite p resen t s  a 
d i f f e r e n t  set  of condi t ions  of stream 
biology, channel g rad ien t ,  s t a t u s  of 
stream debr i s ,  condi t ions  of surrounding 
timber s tand,  abundance and s i z e  of 
bedload, and s lope s t a b i l i t y  i n  t h e  
drainage.  The grea t  complexity of t h e  
stream environment means each s i t e  must 
be inspected i n  t h e  f i e l d  and t r e a t e d  on 
an individual  b a s i s .  Debris management 
problems ca l l  f o r  a high degree of 
cooperation between s p e c i a l i s t s  and 
adminis t ra t ive  personnel.  
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