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INTRODUCTION          sys t em and on a v a r i e t y  of  t ime s c a l e s .  
Hack and G o o d l e t t  (1960) a r g u e  t h a t  t h e  
l a n d s c a p e  and v e g e t a t i o n  development models N a t u r a l  ecosys tems deve lop  th rough  the 

i n t e r p l a y  of p h y s i c a l  and b i o l o g i c a l  f ac -  c f  Davis and Clements are i n c o r r e c t  i n  
t o r s .  B i o l o g i c a l  f a c t o r s  have  t r a d i t i o n a l l y  t h e i r  a p p l i c a t i o n  t o  t h e  Appalachian  Moun- 
been emphasized because  most e c o l o g i s t s  have t a i n s  where t hey  were i n i t i a l l y  developed.  
l i f e  s c i e n c e  backgrounds.  The purpose  of 
t h i s  pape r  i s  t o  e x p l o r e  t h e  s i g n i f i c a n c e  
of  e a r t h  s c i e n c e  p e r s p e c t i v e s  i n  under-  
s t a n d i n g  ecosys tems.  P a r t i c u l a r l y  i n  moun- 
t a i n  l a n d s c a p e s  and a long  streams and 
r i v e r s ,  geomorphic p r o c e s s e s  and landforms 
have i m p o r t a n t  r o l e s  i n  t h e  development and 
geographic d i s t r i b u t i o n  of p l a n t  and animal 
communit ies.  Geomorphologists  and ecolo- 
g i s t s  working i n  t h e s e  dynamic l andscapes  
have l o n g  r e l i e d  on i n s i g h t s  from each 
o t h e r ' s  d i s c i p l i n e  t o  i n t e r p r e t  causes  and 
p a t t e r n s  of e c o l o g i c  and geomorphic change. 
The f u l l  r i c h n e s s  of geomorphic- biologic  
i n t e r a c t i o n s  r e a l l y  emerges from programs 
of  ecosys tem a n a l y s i s  where e a r t h  and l i f e  
s c i e n t i s t s  work c l o s e l y  t o g e t h e r  on com- 
m o n  t o p i c s ,  s i t e s ,  and time   f rames .  

I n  t h e  p r e- t w e n t i e t h  c e n t u r y  era of 
n a t u r a l i s t s ,  t h e  mixing of e a r t h  and l i f e  
s c i e n c e  p e r s p e c t i v e s  w a s  common. I n  t h i s  
c e n t u r y ,  t h e r e  h a s  been p a r a l l e l i s m  and 
i n t e r c h a n g e  i n  t h e  e v o l u t i o n  of  g e n e r a l  
models i n  geomorphology, p l a n t  ecology,  and 
animal  ecology (Drury and N i s b e t ,  1 9 7 1 ) .  
W i l l i a m  Mor r i s  Davis' c y c l i c a l  model of  
long-term (107-108 y e a r s )  landform develop-  
ment se t  t h e  s t a g e  f o r  t h e  views of vege- 
t a t i o n  development p u t  f o r t h  by Clements 
(1936) and Braun (1950). The i n t e r p r e t e d  
vegetation and 1 andforms as p r o g r e s s i n g  to-  
g e t h e r  toward a common end po in t - - t he  pene- 
p l a i n  w i t h  deep mature s o i l s  and "climax" 
v e g e t a t i o n  on a n e a r l y  l e v e l  l andscape .  

Hack and G o o d l e t t  (1960) p u t  f o r t h  a l t e r -  
n a t i v e  concep t s  of  landform- vegeta t ion  
r e l a t i o n s  based  on dynamic s h o r t- t e r m  
(immediate)  i n t e r a c t i o n s  among v e g e t a t i o n ,  
s o i l s ,  w a t e r ,  and landforms i n  an open 

G i l b e r t  (1880) ,  Gleason ( 1 9 2 6 ) ,  and 

A model i n v o l v i n g  s t e a d y  s t a t e  i n  a n  open 
sys t em ha s  g r e a t e r  e x p l a n a t i v e  power and 
h e u r i s t i c  v a l u e  i n  Hack and G o o d l e t t ' s  
view. A sys t em may be s h i f t e d  from s t e a d y  
s t a t e  by a v a r i e t y  of d i s t u r b a n c e s  r a n g i n g  
from s h o r t- t e r m  e v e n t s  s u c h  as f l a s h  f l o o d s  
t o  long- term changes i n  c l i m a t e  o r  r e l i e f .  
Those components of  t h e  sys t em,  whose r a t e  
of r e sponse  i s  f a s t  r e l a t i v e  t o  d i s t u r b a n c e  
f r equency ,  r e a c t  t o  produce  a new s t e a d y  
s t a t e .  

s y s t e m  w i t h  t h e  p o t e n t i a l  f o r  biotic-geomor- 
p h i c  i n t e r a c t i o n  o v e r  a broad r ange  of t i m e  
s c a l e s  i s  t h e  s u b j e c t  of t h i s  pape r .  F i r s t ,  
I  w i l l  d i s c u s s  t i m e  scales of geomorphic and 
ecosys tem v a r i a t i o n  and c o n s i d e r  t h e  impor- 
t a n c e  of  a b road  t ime p e r s p e c t i v e  i n  analyz-  

This view of a dynamic landscape-eco- 

i n g  l andscape  and ecosys tem development
From t h i s  p e r s p e c t i v e ,  I  w i l l  b r i e f l y  
examine an a r r a y  of i n t e r a c t i o n s  among 
f a u n a ,  f l o r a ,  l and fo rms ,  and geomorphic 
p r o c e s s e s ,  conc lud ing  w i t h  a more d e t a i  
a n a l y s i s  of s o i l  and sed imen t  movement 

ed 

through f o r e s t  w a t e r s h e d s  and t h e  r o l e  of 
v e g e t a t i o n  i n  r e g u l a t i n g  m a t e r i a l  t r a n s f e r  
and s t o r a g e .  

TEMPORAL PERSPECTIVES 

How one p e r c e i v e s  i n t e r a c t  i o n s  be tween 
geomorphic and ecosys  t em f a c t o r s  depends no t  
on ly  on  t h e  p a r t i c u l a r  l andscape  and eco- 
sys tem i n  q u e s t i o n ,  b u t  a l s o  on t h e  t i m e  
s c a l e  used f o r  v iewing t h e  sys tem.  Types 

e n s i t i e s  of i n t e r a c t i o n s  between 
and l and fo rms ,  f o r  example,  on t h e  
me frame of landform development and 

and i n
p l a n t s  
long- t 
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b i o l o g i c  e v o l u t i o n  c o n t r a s t  w i t h  t h e  s h o r t -  
term i n t e r a c t i o n  of d a i l y  o p e r a t i o n  of geo- 
morphic p roces ses  and growth r e sponse  of 
i n d i v i d u a l  p l a n t s .  Thus, i n  o r d e r  t o  
examine p h y s i c a l - b i o t i c  r e l a t i o n s h i p s  i n  
n a t u r a l  ecosys tems,  i t  i s  u s e f u l  t o  recog- 
n i z e  t h e  f u l l  r ange  of temporal  s c a l e s  of 
v a r i a t i o n  i n  b o t h  p h y s i c a l  and b i o l o g i c a l  
p a r t s  of  t h e  sys tem and then  compare sys tem 
b e h a v i o r  a t  a p p r o p r i a t e  t ime s c a l e s .  

To h e l p  c l a r i f y  t h i s  p o i n t ,  l e t  u s  
l ook  a t  a n  example from t h e  Doug la s- f i r /  
w e s t e r n  hemlock f o r e s t  ecosystem i n  t h e  
Cascade Mountains of Oregon (Table  1). Thi s  
c h a r t i n g  of tempora l  s c a l e s  of landscape-  
ecosys tem change is a n  outgrowth  of t h e  pro-  
cess of e a r t h  s c i e n t i s t s  and b i o l o g i s t s  
l e a r n i n g  t o  work t o g e t h e r  i n  an  i n t e r d i s c i -  
p l i n a r y  r e s e a r c h  team, t h e  Coniferous  For- 
est  Biome (CFB) of t h e  U . S . / I n t e r n a t i o n a l  
B i o l o g i c a l  Program. I n  e a r l y  1970,  I  began 
working w i t h  CFB as a g e o l o g i s t  mapping bed- 
rock i n  t h e  H. J .  Andrews Expe r imen ta l  For- 
e s t ,  a pr imary  CFB s t u d y  s i t e .  Although 
working s i d e  by s i d e  w i t h  t e r r e s t r i a l  and 
a q u a t i c  e c o l o g i s t s ,  w e  had l i t t l e  i n  com- 
mon, because  ou r  t i m e  frames were d i s j u n c t .  
I  w a s  mapping fo rma t ions  no younger t h a n  
3 . 5  m i l l i o n  y e a r s  o l d ;  t h e  t i m e  p e r i o d  of 
major concern  t o  t h e  e c o l o g i s t s  w a s  t h e  
annua l  s c a l e  of n u t r i e n t  budge t s  and phys io-  
l o g i c a l  behav io r  o f  p l a n t s  and an ima l s .  
These d i f f e r e n c e s  i n  t i m e  p e r s p e c t i v e  r a i s e d  
q u e s t i o n s  abou t  the s o r t s  of geomorphology- 
ecosys tem i n t e r a c t i o n s  t h a t  o c c u r  ove r  t h e  
f u l l  r ange  of  t i m e  scales f r o m  days t o  m i l -  
l i o n s  of y e a r s .  Where is t h e  common ground 
f o r  i n t e r a c t i o n  between geomorphologis t s  
and e c o l o g i s t s ?  

Major exogenous e v e n t s  a f f e c t  eco- 
sys tems and l andscapes  ove r  a b road  r ange  
of  f r e q u e n c i e s  of occu r r ence  (Table  1 ) .  
These e v e n t s  i n c l u d e  c l i m a t i c  and g e o l o g i c  
p r o c e s s e s  as w e l l  as major d i s t u r b a n c e s  of 
v e g e t a t i o n  such  as f i r e  f o r  which i g n i t i o n  
may be  cons ide red  exogenous,  b u t  i n t e n s i t y  
and areal e x t e n t  of bu rns  may b e  c o n t r o l l e d  
by endogenous v e g e t a t i o n  and l andscape  
f a c t o r s .  Some of t h e s e  e v e n t s  are r e g u l a r  
and c y c l i c a l  i n  occu r rence ,  w h i l e  o t h e r s  
are e p i s o d i c  and t h e i r  f requency would be  
cons ide red  h e r e  i n  terms of ave rage  r e t u r n  
p e r i o d .  

Geomorphic f a c t o r s  va ry  ove r  t h i s  t i m e  
s c a l e ,  r ang ing  from r e l a t i v e l y  f r e q u e n t  
changes i n  rates of geomorphic p r o c e s s e s  t o  
t h e  long- term development of t h e  physio-  
g r a p h i c  p rov ince  as a whole. Development 
of p r o g r e s s i v e l y  l a r g e r  landforms o c c u r s  on 
p r o g r e s s i v e l y  l o n g e r  t i m e  s c a l e s .  Geo- 
morphic response  t o  t h e  most f r e q u e n t  exo- 
genous e v e n t s  l i s t e d  does  n o t  l e a d  t o  
development of landforms a t t r i b u t a b l e  t o  an 
i n d i v i d u a l  e v e n t .  A t  i n t e r m e d i a t e  t i m e

scales, landforms of i n t e r m e d i a t e  s p a t i a l  
scale, such  as t e r r a c e s ,  f a n s ,  and mora ines ,  
form i n  r e sponse  t o  exogenous e v e n t s .  O n
still l onge r  t i m e  f rames ,  landform e l emen t s  
of greater geograph ic  e x t e n t  develop  as t h e  
sum of a l l  h i g h e r  f requency geomorphic 
r e sponses  t o  exogenous e v e n t s .  

ways a c r o s s  t h i s  b road  t i m e  range .  I n d i v i -  
d u a l  p l a n t s  have  p h y s i o l o g i c a l  r e sponse  t o  
d a i l y  and s e a s o n a l  f l u c t u a t i o n  of m o i s t u r e  
and t empera tu re  regimes .  On t h e  s c a l e  of 
c e n t u r i e s ,  v e g e t a t i o n  (secondary)  s u c c e s s i o n  
o c c u r s  f o l l o w i n g  major ecosys tem d i s t u r -  
bances such  as f i r e ,  l a n d s l i d e s ,  and ex- 
tensive blowdown e v e n t s .  Pr imary  succes-  
s i o n ,  s h i f t s  i n  t h e  r ange  of s p e c i e s  and 
plant  communit ies,  and mic roevo lu t ion  
occur, i n  p a r t ,  i n  r e sponse  t o  and on the 
t i m e  s c a l e  o f  major  c l i m a t i c  change.  Most 
significant mac roevo lu t ion  t a k e s  p l a c e  ove r  
still longe r  t ime p e r i o d s .  

To some e x t e n t ,  Table  1 is a r r a n g e d  i n  
a hierarchical s t r u c t u r e .  Geomorphic and 
vegetative changes on each  t i m e  s c a l e  in-  
v o l v e  r e sponse  t o  exogenous e v e n t s  a t  t h a t  
t i m e  s c a l e  as w e l l  as t o  t h e  sum of a l l  
higher f requency v a r i a t i o n  i n  t h a t  sys tem.  
For example, fo rma t ion  of t e r r a c e s  and 
alluvia1 f a n s  may be f a c i l i t a t e d  by c l i m a t e  
change and g l a c i a t i o n  on t h e  s c a l e  of 103 
to  104  y e a r s ,  b u t  t he  a c t u a l  c o n s t r u c t i o n a l  
processes occu r  a s  more f r e q u e n t  "base 
flow" e r o s i o n  and p u l s e s  of a c c e l e r a t e d  
sedimentation a t  t h e  s c a l e s  of decades  and 
centuries. 

One a s p e c t  of h i e r a r c h i a l l y  o r g a n i z e d  
systems; is t h a t  s y s t e m  b e h a v i o r s  a r e  "nearly 
decomposable,"  such  t h a t  sys tem b e h a v i o r  a t  
one level o r  f requency may b e  i s o l a t e d  from 
s c a l e s  of  v a r i a t i o n  of h i g h e r  and lower  
f r e q u e n c i e s  (Simon, 1973; Monk e t  a l . ,  
1977) .  Many s t u d i e s  of n a t u r a l  systems 
f o c u s  on one organizational l e v e l ,  assuming 
t h a t  lower f requency v a r i a t i o n s  of t h e  
sys t em a r e  so  s low t h a t  they  can be cons ide r-  
ed c o n s t a n t  and h i g h e r  f requency b e h a v i o r s  
a r e  no r a p i d  " t h a t  on ly  t h e i r  s t e a d y  s t a t e  
properties appea r  i n  t h e  sys tem d e s c r i p t i o n"  
(Mon e t  a l . ,  1977). However, CFB r e s e a r c h  
i n  natura1 sys tems has  r e v e a l e d  many pro- 
blems w i t h  t h i s  common assumpt ion .  A no t-  
a b l e  example a r o s e  when a q u a t i c  e c o l o g i s t s  
began t o  compi le  an annua l  carbon budge t  
f o r  a s m a l l  s t r e a m  ecosystem. A f t e r  sampl- 
i n g  two s u c c e s s i v e  y e a r s  and f i n d i n g  two 
ve ry  d i f f e r e n t  b u d g e t s ,  they  q u i c k l y  
r e a l i z e d  t h a t  t he  annua l  s c a l e  of b e h a v i o r  
o f  this sys tem depended s t r o n g l y  on s t r e a m -  
f low c h a r a c t e r i s t i c s  f o r  t h e  sample p e r i o d .  
I n p u t s  exceeded o u t p u t  by  abou t  40% i n  a 
d ry  year, but  were n e a r l y  ba l anced  i n  t h e  
wetter y e a r ,  a l t h o u g h  no major  peak f lows  
occurred ( T r i s k a  e t  al., i n  p r e s s ) .  

Vege ta t i on  a l s o  responds  i n  v a r i o u s  



Table 1 .  
array o f  time scales (example from Douglas-fir/western hemlock fores t s  i n  Cascade Mountains, Oregon) 

Geomrphic and vegetative variation and  exogenous events a f f e c t i n g  ecosystems and landscapes on an 

- ~ - _ _ _ _ - - ~ -  
-.-- _ _ ~ _ _  - _ . _ _ _ ~ _ _ _  -- 

Event frequency ( y r s )  Exogenous even t s  Geomorphic v a r i a t i o n  Vegeta t ion v a r i a t i c n  

10-2 t o  10-1 

1oG t o  1oi 

1 0 2  

1 0 3  t o  101 

106 

107 to 1 0 8  

P r e c i p i t a t i o n -  
d i scha rge  even t  

Annual water budget ,  
moderate s torms 

Extreme s to rms ,  major 
d i s t u r b a n c e s  of vege- 
t a t i o n  ( e . g . ,  f i r e )  

C l i m a t e  change, 
g l a c i a t i o n  

Episodes of volcanism 

"Base-f l o w"  e ros ion  by 
n o n c a t a s t r o p h i c  p rocesses  

P e r i o d s  of a c c e l e r a t e d  
e ros ion- - s l ide  s c a r s ,  
channel  changes,  e t c .  

In te rmed ia te - sca le  land-  
forms ; t e r r a c e s ,  f ans , 
moraines ,  e t c .  

Gross morphology of major 
d ra inage  and const ruc-  
t i o n a l  (vo lcan ic )  landforms 

Development of  physiographic  
province  as a whole 

Phys io log ic  response  
o f  i n d i v i d u a l  p l a n t s  

Secondary success ion  

Primary succession,
migra t ion ,  
microevolution

Macroevolution 
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Furthermore,  t h e  sys tem had a good memory 
f o r  d e t r i t a l  i n p u t  and channel  f l u s h i n g  
e v e n t s  i n  e a r l i e r  y e a r s .  I t  i s  n e c e s s a r y  
t o  p l a c e  annual  budgets  i n  the c o n t e x t  of 
b roade r  tempora l  v a r i a b i l i t y  of t h e  sys tem 
( t h e  1 0 2  y r  s c a l e  of Table  1) ~ 

are most d rama t i c  on i n t e r m e d i a t e  t ime 
sca les- - decades  and c e n t u r i e s  (Table  1) .  On
l o n g e r  and e s p e c i a l l y  s h o r t e r  t i m e  f rames ,  
geomorphic s e t t i n g  i s  commonly viewed a s  a 
p a s s i v e ,  i n v a r i a n t  s t a g e  on which e v o l u t i o n  
and p l a n t  p h y s i o l o g i c  behav io r  t a k e  p l a c e .  
But on t h e  i n t e r m e d i a t e  s c a l e  of  secondary  
s u c c e s s i o n ,  change i n  p l a n t  community com- 
p o s i t i o n ,  v i g o r ,  and s t r u c t u r e  can  profound- 
l y  a f f e c t  r a c e s  of geomorphic p r o c e s s e s .  
Geomorphic e v e n t s  may, i n  t u r n ,  se t  t h e  
s t a g e  f o r  s u c c e s s i o n  by c r e a t i n g  f r e s h  sub- 
strates and may de termine  t o  some e x t e n t  
t h e  ra te  and type  of p l a n t  community 
development t h a t  fo l l ows  a ma jo r  ecosys tem 
d i s t u r b a n c e .  

The d e t a i l e d  c h a r a c t e r  of  geomorpho- 
logy- ecosystem i n t e r a c t i o n s  v a r y  from one 
landscape- ecosys  t e m  t y p e  t o  a n o t h e r .  Th i s  
i n t e r a c t i o n  is  p a r t i c u l a r l y  dynamic i n  t h e  
c o n i f e r o u s  forest ecosys  t e m s  of t h e  s t e e p  
Cascade t e r r a i n ,  where v e g e t a t i o n  is impor- 
t a n t  i n  r e g u l a t i n g  s o i l  and sed imen t  move- 
ment down s l o p e s  and streams. H i s t o r i c a l l y ,  
t h e s e  f o r e s t s  and l andscapes  expe r i enced  
widespread  w i l d f i r e ,  f l o o d s ,  l a n d s l i d e s ,  
and windstorms,  which caused  profound 
f l u c t u a t i o n s  i n  s ed imen ta t ion .  Today, t h e  
major  p roces s  of s t a n d  and l andscape  d i s-  
tu rbance  i s  c l e a r c u t  l ogg ing  and a s s o c i a t e d  
road  c o n s t r u c t i o n  and s l a s h  d i s p o s a l .  

r e s e a r c h  p r o j e c t s ,  e a r t h  s c i e n t i s t s  and 
b i o l o g i s t s  i n  o u r  group have  developed a 
common focus  on q u e s t i o n s  a t  t h e  i n t e r -  
media te  t i m e  s c a l e  of sys tem b e h a v i o r  such  
as ecosys tem re sponse  t o  d i s t u r b a n c e s  l i k e  
l ogg ing ,  w i l d f i r e ,  and geomorphic e v e n t s .  
The o v e r r i d i n g  concern  is  t o  unde r s t and  how 
n a t u r e  h a s  "managed" f o r e s t s ,  streams, and 
l andscapes  on a v a r i e t y  of t i m e  scales t o  
set a b a s i s  f o r  e v a l u a t i n g  and d i r e c t i n g  
man's management programs. 

Geomorphology-ecosystem i n t e r a c t i o n s  

Over t h e  c o u r s e  of CFB and subsequen t  

GEOMORPHIC-BIOTIC INTERACTIONS

I n t e r a c t i o n s  between p h y s i c a l  and bio-  
l o g i c a l  rea lms of ecosys tems o f f e r  many un- 
exp lo red  b u t  i n t e r e s t i n g  and f r u i t f u l  
r e s e a r c h  t o p i c s  t h a t  tend  t o  f a l l  between 
d i s c i p l i n e s  (Fig .  1) .  Much of  geomorpho- 
logy concerns  t h e  long- term e f f e c t s  of  geo- 
morphic p r o c e s s e s  i n  s c u l p t i n g  landforms 
and t h e  ways t h a t  landforms de t e rmine  spa-  
t i a l  d i s t r i b u t i o n  of geomorphic p r o c e s s e s  
in  the short  term.  Many s tudies  in  geo-  

GEOMORPHOLOGY              ECOLOGY 

LANDFORMS 

F i g u r e  1 .  R e l a t i o n s h i p s  among l a n d f o r m s ,  
geomorphic p r o c e s s e s ,  f a u n a ,  and f l o r a .  
A .  Define h a b i t a t ,  r a n g e .  E f f e c t s  t h r o u g h  
flora. B .  D e f i n e  h a b i t a t .  Determine dis- 
turbance p o t e n t i a l  b y  f i r e ,  w i n d .  c. 
Affect so i l  movement b y  s u r f a c e  and m a s s  
eros on. A f f e c t  f l u v i a l  p r o c e s s e s  b y  dam- 
m i n g ,  t r a m p l i n g .  D .  S e d i m e n t a t i o n  p r o-  
cesses a f f e c t  a q u a t i c  o r g a n i s m s .  E f f e c t s  
t h r o u g h  f l o r a .  E .  D e s t r o y  v e g e t a t i o n .  
D i s r u p t  g r o w t h  b y  t i p p i n g ,  s p l i  t t i n g ,  ston- 
i n g .  C r e a t e  new s i tes  f o r  e s t a b l i s h m e n t  
and d i s t i n c t i v e  h a b i t a t s .  T r a n s f e r  n u t r i -  
ents.  F .  R e g u l a t e  s o i l  and s e d i m e n t  
t r a n s f e r  and s t o r a g e .  

morphology b e n e f i t  from b i o l o g i c a l  informa-  
t i o n  d e r i v e d  by methods such  as dendrochron- 
o logv t h a t  have been  e x p l o i t e d  t o  on ly  a
l imited e x t e n t .  F i e l d s  of ecology c e n t e r  
on relations between fauna  and f l o r a ,  i n-  
c l u d i n g  h e r b i v o r e ,  h a b i t a t  s t r u c t u r i n g ,  and 
t h e  like. E c o l o g i s t s  have a l o n g  t r a d i t i o n  
of using i n f o r m a t i o n  on t h e  p h y s i c a l  env i-  
ronment t o  i n t e r p r e t  b i o l o g i c a l  f a c t o r s ,  
b u t  t h e r e  a r e  s t i l l  m any i n s t a n c e s  where 
e c o l o g i c a l  unde r s t and ing  would be enhanced 
by improved a p p r e c i a t i o n  f o r  t h e  r o l e  of 
p h y s i c a l  f a c t o r s  i n  ecosys tems.  

Linkages  among geomorphic p r o c e s s e s ,  
landforms, f a u n a ,  and f l o r a  are man i fo ld .  
F igu re  1  shows i n t e r a c t i o n s  of major  impor- 
tance i n  f o r e s t  and stream ecosys tems i n  
geom orphically a c t i v e  l andscapes .  Many of 
t h e  following examples of t h e s e  i n t e r a c t i o n s  
have emerged as a r e s u l t  of i n t e r d i s c i p l i -  
na ry  ecosys tem r e s e a r c h .  W e  begin  w i t h  
landform e f f e c t s  on f l o r a  and f auna ,  t h e n  
move t o  f l o r a  and fauna  i n t e r a c t i o n s  w i t h  
geomorphic p r o c e s s e s ,  ending  w i t h  r e g u l a t i o n  
of geomorphic p r o c e s s e s  by v e g e t a t i o n ,  t h e  
l a t t e r  probably  having  g r e a t e s t  s i g n i f i -  
cance  t o  land  managers. 

E f f e c t s  of Landforms on F l o r a  

On t h e  t i m e  s c a l e  of secondary  suc-  
cession and r e l a t e d  major  d i s t u r b a n c e s  o f  
v e g e r a t i o n ,  landforms are r e l a t i v e l y  
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i n v a r i a n t  t empla t e s  on which mosaics of 
vege t a t i o n  develop .  
t a t i o n  types  and age c l a s s e s  ove r  landscapes 
a r e  de termined by t h e  i n t e r p l a y  o f  landforms 
and f l o r a .  Effects of landforms on v e g e t a -
t i o n  development a t  a s i t e  a r e  g e n e r a l l y  
media ted  by m i c r o c l i m a t i c ,  e d a p h i c ,  and 
h y d r o l o g i c  f a c t o r s .  E l e v a t i o n  s l o p e ,  and 
a s p e c t ,  f o r  example, a r e  e l emen t s  of  land-  
form whose main e f f e c t s  on v e g e t a t i o n  are 
through mic roc l ima te .  S lope  s t e e p n e s s ,  the  
p roduc t  o f  l ong-term landform development,
influences e r o s i o n  p o t e n t i a l  of s o i l  and 
s o i l  texture and n u t r i e n t  c a p i t a l .  Narrower 
r i d g e  tops  and s t e e p e r  s l o p e s  g e n e r a l l y  
experience g r e a t e r  s o i l  t u r n o v e r  and nutrient 
d e p l e t i o n  by p h y s i c a l  p r o c e s s e s  t han  more 
g e n t 1 e  topography.  These e f f e c t s  can  of ten 

be  r ecogn ized  i n  c h l o r o t i c  c o n d i t i o n  o f  
young c o n i f e r  s t a n d s  on these phys iograph 
s i tes .  Both s l o p e  s t e e p n e s s  and s o i l  tex-  
t u r e  de t e rmine  d r a i n a g e  c h a r a c t e r i s t i c s  of  
a s o i l .  

S o i l  p r o p e r t i e s  are p ro found ly  i n f l u -  
enced by g e o l o g i c  f a c t o r s ,  main ly  bedrock 
type ,  and geomorphic f a c t o r s  t h a t  c o n t r o l  
accumulat  ion  r e d i s t r i b u t i o n ,  and mixing of 
soil. I n  t he  P a c i f i c  Nor thwest ,  v o l c a n i c  
a s h  f a l l i n g  f r o m  t h e  s k y  i s  an i m p o r t a n t ,  
widespread type of  s o i l  p a r e n t  m a t e r i a l  t h a t  
can blanket d i v e r s e  landscapes from d i s t a n t  
sources. More t y p i c a l  depositional s o i l s  
(a1  l u v i a l ,  c o l l u v i a l ,  and a e o l i a n )  commonly 
f o r m  t h e  d e e p e s t ,  most f e r t i l e  s o i l s .  

a f f e c t i n g  t h e  p o t e n t i a l  f o r  d i s t u r b a n c e  of 
vegetation a t  a s i t e .  Th i s  vegetation 
p h y s i c a l  process- landform s e t  of r e l a t i o n -  
ships is obvious where r e c u r r e n c e s  o f  t h e  
physical p r o c e s s  have shaped t h e  landform 
as w e l l  as t h e  v e g e t a t i o n  community. An 
example i s  t h e  r o l e  p layed by f loodwa te r  i n  
i n u n d a t i o n  and sed imen t  d e p o s i t i o n ,  which 
form f loodplain f e a t u r e s  and a s s o c i a t e d  
Vege ta t ion  p a t t e r n s .  Both  t h e  magnitude of 
f l o o d  impact  on channe l  form and time f o r  
r ecove ry  of  channe l  form depend s t r o n g l y  on 
t h e  c h a r a c t e r  of s t r eams ide  v e g e t a t i o n  
(Wolman and Gerson,  1978) .  

de t e rmin ing  v e g e t a t i o n  c o n d i t i o n s  where the 
vegetation d i s t u r b a n c e  mechanisms are wind 
and f i r e  r a t h e r  t han  geomorphic p r o c e s s e s .  
S lope  p o s i t i o n  and v a l l e y  c o n f i g u r a t i o n  a r e  
impor t an t  v a r i a b l e s  a f f e c t i n g  windthrow 
p o t e n t i a l  of a s i t e  (Ruth and Yoder,  1953) .  
Topography can  channel  and f u n n e l  winds and 
create intense t u r b u l e n c e  on t h e  l e e  s i d e  
o f  r i d g e s .  S i n c e  windthrow p o t e n t i a l  i s  a 
f u n c t i o n  of t r e e  s i z e  and shape  and s t a n d  
s t r u c t u r e ,  topography and wind may c o n s p i r e  
a t  some s i t e s  t o  r e p e a t e d l y  blow down 
s t a n d s  a s  they  r each  a c e r t a i n  s t a g e  of 
development.  

Actual p a t t e r n s  of vege- 

Landforms also i nf l u e n c e  v e g e t a t i o n  b y  

Landforms p1ay a more subtle r o l e  i n  

Frequency and i n t e n s i t y  of  f i r e  a t  
s i t e  is  a l s o  r e g u l a t e d  by landforms i n  
several ways (Swanson, i n  p r e s s ) .  I n  many 
1andscapes and s t o r m  t y p e s ,  topography in-  
fluences geograph ic  d i s t r i b u t i o n  of l i g h t n-  
i n g  s t r i k e s .  Once i g n i t i o n  h a s  o c c u r r e d ,  
t ype  and r a te  of f i r e  s p r e a d  are de t e rmined  
by f u e l  c o n d i t i o n s ,  wind,  and topography 
(Brown and Davis ,  1973) .  F a s t e r ,  more i n-  
t e n s e  b u r n i n g  o c c u r s  on s t e e p e r  s l o p e s  i n  
response  t o  c o n v e c t i v e  winds  and p r e h e a t i n g  
of f u e l s  u p h i l l  of a f i r e  f r o n t .  S t e e p ,  
sunny s l o p e s  have  d r y e r  f u e l s  t h a n  f l a t t e r  
s l o p e s  o r  s l o p e s  of  o t h e r  a s p e c t .  The r o l e  
of  topography i n  channe l ing  winds a l s o  
af fec ts  t h e  geograph ic  p a t t e r n s  of  f i r e  
regime.  

Landforms a l s o  i n f l u e n c e  f i r e  p a t t e r n  
by c r e a t i n g  n a t u r a l  f i r e b r e a k s .  Completely 
f o r e s t e d  b u t  s h a r p  r i d g e s  may b e  e f f e c t i v e  
firebreaks where upslope mountain winds  p r e-  
v e n t  f i r e  from moving down l e e  s l o p e s .  
Lakes ,  streams ~ t a l u s  f i e l d s ,  snow ava- 
l a n c h e ,  and l a n d s l i d e  t r a c k s  form more con- 
s p i c u o u s  f i r e b r e a k s .  E f f e c t i v e n e s s  of  
t h e s e  l andscape  elemen ts as f i r e b r e a k s  de- 
pends on fire i n t e n s i t y  and d i r e c t i o n  of 
f i r e  s p r e a d  re la t ive  t o  t h e  " gra in"  of  
topographv (Swanson, i n  p r e s s ) .  Landforms 
are  more e f f e c t i v e  as  f i r e b r e a k s  d u r i n g  
1 ower intensit y  f ires burning pcrpendicular 
t o  d r a i n a g e  p a t t e r n  o r  o t h e r  p o t e n t i a l  f i re-  
b r e a k s .  

The n e t  e f f e c t s  o f  landforms on s o i l  
f o rma t ion ,  geomorphic p r o c e s s e s ,  v e g e t a t i o n  
dis turbance regime,  and l i g h t ,  water, and 
n u t r i e n t  a v a i l a b i l i t y  a t  a s i t e  r e s u l t  i n  
s y s t e m a t i c  v a r i a t i o n  i n  v e g e t a t i o n  w i t h  
respect t o  t opograph ic  p o s i t i o n ,  s l o p e ,  and 
a s p e c t .  These e f f e c t s  are most pronounced 
i n  steep t e r r a i n  where t opograph ic  s h a d i n g  
and r i d g e t o p  t o  channe l  s o i l  m o i s t u r e  
g r a d i e n t s  are i m p o r t a n t .  R e s u l t i n g  vege ta-  
t i o n  p a t t e r n s  i n c l u d e  more mesic  communi- 
t i e s  a l o n g  streams, more x e r i c  t y p e s  on 
r i d g e s ,  and g r e a t e r  e x t e n t  of  mes ic  t y p e s  
on s l o p e s  f a c i n g  away from t h e  a f t e r n o o n  
sun .  Hack and Good le t t  (1960) i n t e r p r e t  
t h i s  p a t t e r n  a t  a s i t e  i n  t h e  c e n t r a l  
Appalachians  principally i n  terms of  v a r i a -  
t i o n  i n  s o i l  wa te r- ho ld ing  c a p a b i l i t y  as 
de t e rmined  by s o i l  t e x t u r e  and soil-forming 
geomorphic p r o c e s s e s .  A s imi lar  v e g e t a t i o n  
p a t t e r n  i n  t h e  Cascade Range of Oregon h a s  
been i n t e r p r e t e d  more i n  terms of micro- 
c l i m a t e  and topograph ic  s h a d i n g  (Hawk, 
1979) .  

E f f e c t s  of Landforms on Fauna 

Landforms a f f e c t  f auna  by de  termini n g  
t h e  geograph ic  d i s t r i b u t i o n  of  h a b i t a t s  and 
by forming s p e c i a l  h a b i t a t s .  The major  
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i n f l u e n c e  of landform on fauna is  a r e s u l t  
of landform e f f e c t s  on v e g e t a t i o n  p a t t e r n s ,  
s i n c e  v e g e t a t i o n  s t r u c t u r e  and d i s t r i b u t i o n  
determine h a b i t a t  and range f o r  most f o r e s t -  
dwel l ing  animals .  Many examples come t o  
mind, e s p e c i a l l y  w i t h  r e s p e c t  t o  migra tory  
l a r g e  m a m m a l s  whose annual  ranges  cover  
d i v e r s e  v e g e t a t i o n  types .  D i s t r i b u t i o n  of 
t h i s  v e g e t a t i o n ,  a s s o c i a t e d  snow c o n d i t i o n s ,  
and o t h e r  h a b i t a t  f a c t o r s  are commonly 
s t r o n g l y  i n f l u e n c e d  by landforms. Flood- 
p l a i n s  and v a l l e y  bottom v e g e t a t i o n ,  f o r  
example, provide  w i n t e r  range,  connec to r s  
between d i v e r s e  t e r res t r ia l  h a b i t a t  t y p e s ,  
and c o r r i d o r s  f o r  m i g r a t i o n  (Thomas e t  a l . ,  
1979).  Vegeta t ion a n a l y s i s  of t h e  type  done 
by Whi t t ake r  (1956) i n  t h e  Smokies and else- 
where i l l u s t r a t e  s t r o n g l y  t h e  m u l t i p l e  
e f f e c t s  of landform on community p a t t e r n .  

I n  a more s p e c i a l  s e n s e ,  d i s t i n c t i v e  
landforms p rov ide  s p e c i a l  h a b i t a t  oppor- 
t u n i t i e s ,  termed "geomorphic h a b i t a t s "  by 
Maser and o t h e r s  ( in  p r e s s ) .  Caves, t a l u s ,  
and c l i f f  f a c e s  may be u t i l i z e d  by animals  
of a g r e a t  v a r i e t y  of s i z e s  and h a b i t s  de- 
pending on s i z e ,  s t a b i l i t y ,  and a c c e s s i b i l i t y  
of n e s t i n g ,  denning,  pe rch ing ,  and o t h e r  
types  of s i tes  (Maser e t  a l . ,  1979).  I n  t h e  
Basin  and Range physiographic  p rov ince  
c l i f f s  and a s s o c i a t e d  t a l u s  s l o p e s  formed 
a long r ivet  canyons, g l a c i a t e d  v a l l e y  w a l l s ,  
and f a u l t  s c a r p s  suppor t  r i c h  farina i n  
t e r r a i n  wi th  little o t h e r  l a r g e- s c a l e  
h a b i t a t  d e n s i t y .  The c h a r a c t e r  of t h e s e  
geomorphic h a b i t a t s  is determined i n  p a r t  
by r o c k  type ,  o v e r a l l  topography, and mode 
of o r i g i n .  Type of bedrock i n f l u e n c e s  t h e  
s i z e  of t a l u s  b locks  shed  from a c l i f f  and 
shape and s i z e  of c a v i t i e s  i n  c l i f f s .  
C l i f f  h e i g h t ,  shape,  and a s p e c t  a f f e c t  
l o c a l i z e d  wind c u r r e n t s  and u t i l i z a t i o n  by 
b i r d s ,  p a r t i c u l a r l y  r ap  t o r s  (Craighead and 
Craighead,  1969) .  Canyon w a l l s  c u t  by 
r i v e r s  provide  l e s s  t a l u s  and more c l i f f  
t ypes  of h a b i t a t s ,  because  t h e  r i v e r  c a r r i e s  
away many of t h e  t a l u s  b locks .  P ropor t ion  
of t a l u s  t o  c l i f f  h a b i t a t  i s  h i g h e r  o n
f a u l t  s c a r p s  and w a l l s  of U-shaped g l a c i a t e d  
v a l l e y s  where t a l u s  accumulates f o r  long 
p e r i o d s  of t i m e .  

f l u e n c e s  of landforms on f l o r a  and fauna 
sugges t  an i n f i n i t e  complex of  more s u b t l e  
p h y s i c a l- b i o l o g i c a l  i n t e r a c t i o n s  running 
through a l l  l a r g e- s c a l e  n a t u r a l  ecosystems. 
A t  s u c c e s s i o n a l  and h i g h e r  f requency t i m e  
s c a l e s  most landforms can be viewed a s  the  
s t a g e  o r  template  on which geomorphic- 
b i o l o g i c  process  i n t e r a c t i o n s  occur .  

These examples of r a t h e r  obvious in-  

Effects of Fauna on Geomorphic 
P rocesses  

A n i m a l  a c t i v i t i e s  i n c r e a s e  the  r a t e  of 
geomorphic p rocesses  by d i r e c t l y  moving 
s o i l  o r  by a l t e r i n g  s o i l  p r o p e r t i e s ,  hydro- 
logy,  o r  v e g e t a t i o n  w i t h  t h e  r e s u l t  of 
a c c e l e r a t i n g  subsequent  e r o s i o n  a t  a s i t e .  
S o i l  t h a t  i s  moved by burrowing animals  
ranging i n  s i z e  from earthworms t o  s m a l l  
mammals can be  a s i g n i f i c a n t  component of 
s o i l  c reep  (Carson and Kirkby, 1972).  Ex- 
cavat  ion of burrows u s u a l l y  invo lves  down- 
s lope  s o i l  movement, as does subsequent  
burrcw c o l l a p s e  and e r o s i o n  of b a r e  s o i l  on 
burrcw mounds (Imeson, 1976; Imeson and 
K w a a d ,  1976).  Char l e s  Darwin (1881) ob- 
se rved  i n  d e t a i l  downslope movement of 
earthworm c a s t i n g s  dur ing  d ry ,  r a i n y ,  and 
windy p e r i o d s  and a t t empted  t o  q u a n t i f y  t h e  
r o l e  of earthworms i n  o v e r a l l  landscape 
denudat ion.  Few s t u d i e s  s i n c e  have care-  
f u l l y  documented rates of s o i l  movement by 
an ima l s ,  b u t  q u a l i t a t i v e  o b s e r v a t i o n s  are  
common. Evidence of downslope s o i l  move- 
ment by l a r g e  m a m m a l s ,  p a r t i c u l a r l y  e l k ,  i s  
conspicuous where popu la t ion  d e n s i t i e s  are 
h i g h .  Grazing l i v e s t o c k  accelerates ero-  
s i o n  e s p e c i a l l y  where s t o c k  c o n c e n t r a t e  i n  
s creams and r i p a r i a n  zones, t rampl ing banks 
and s t i r r i n g  up sediment .  F l u v i a l  geomor- 
phic  processes a r e  a l s o  a f f e c t e d  by dam 
c o n s t r u c t i o n ,  h a r v e s t  of r i p a r i a n  vegcta-  
t i o n ,  and bank burrowing by beaver .  

p rocesses  a r e  t h e  r e s u l t  of i n d i r e c t  e f f e c t s  
of a l t e r e d  v e g e t a t i o n ,  s o i l  p r o p e r t i e s ,  and 
hydrology. Reduced l i t t e r  due t o  browsing 
and inc reased  compaction as a r e s u l t  of 
t rampl ing can cause  a c c e l e r a t e d  s u r f a c e  
erosion, b u t  t h e s e  e f f e c t s  a r e  n o t  l i k e l y  
t o  occur i n  f o r e s t  ecosystems where g raz ing  
intensities a r e  l o w .  Other  s u b t l e  e f f e c t s  
of animal a c t i v i t y  may occur. P ie r son  
( 1 9 7 7 ) sugges ted  t h a t  mountain beaver  
(Aplodontia r u f a )  burrows i n  areas o f  t h e  
Oregon Coast Ranges may p i p e  wa te r  r a p i d l y  
i n t o  m a s s  movement prone a r e a s ,  thereby 
i n c r c a s i n g  t h e  p o t e n t i a l  f o r  s o i l  mant le  
f a i l u r e .  Kelsey (1978) and o t h e r s  have 
d i scussed  the  p o s s i b i l i t y  t h a t  i n t r o d u c t i o n  
w i t h  l i v e s t o c k  of s h o r t- r o o t e d ,  annual  
g r a s s e s  t o  p r a i r i e s  and oak savanna,  e a r t h -  
flow a r e a s  of no r thwes te rn  Ca l i f o r n i a  may 
have l e d  t o  a c c e l e r a t e d  e a r t h f l o w  movement 
s i n c e  t h e  l a t e  1880's. They hypo thes ize  
t h a t  ea r th f low a c t i v i t y  w a s  l e s s  when 
native deep- rooted,  p e r e n n i a l  s p e c i e s  pro- 
vided g r e a t e r  e v a p o t r a n s p i r a t i o n  and r o o t  
s trength. 

anecdotal n a t u r e ,  c o l l e c t i v e l y  they i n d i -  
c a t e  t h a t  e f f e c t s  of fauna on geomorphic 

Many impacts of animals  on geomorphic 

Although t h e s e  examples are of a very  
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p r o c e s s e s  are probably s i g n i f i c a n t  i n  many  
F o r e s t  e c o s y s t e m s .  

E f f e c t s  o f  Geomorphic P r o c e s s e s  on 
Fauna 

Most e f f e c t s  o f  geomorphic  p r o c e s s e s  
on  f a u n a  o c c u r  i n d i r e c t l y  as a r e s u l t  o f  
i n f l u e n c e s  of geomorphic  p r o c e s s e s  on f l o r a  
and  l a n d f o r m s ,  d i s c u s s e d  i n  o t h e r  s e c t i o n s .  
D i r e c t  e f f e c t s  i n  t e r res t r ia l  e n v i r o n m e n t s  
a r e  min imized  i n  p a r t  by t h e  m o b i l i t y  of 
a n i m a l s .  I n  stream e c o s y s t e m s ,  on  t h e  
o t h e r  hand ,  s e d i m e n t a t i o n  p r o c e s s e s  c a n  have 
immedia te  and  d i r e c t  i m p a c t s  on a q u a t i c  
o r g a n i s m s .  M i c r o e n v i r o n m e n t s  w i t h i n  a 
stream r e a c h  are s h a p e d  by  t h e  i n t e r p l a y  of 
h y d r a u l i c  p r o c e s s e s ,  s e d i m e n t  characteris- 
t i c s ,  o r g a n i c  d e b r i s ,  and b e d r o c k .  Result- 
i n g  c h a n n e l  geomet ry  a t  the scales o f  
g r a v e l  f a b r i c ,  p o o l - r i f f l e  s e q u e n c e s ,  and  
downstream d e c r e a s e s  i n  g r a d i e n t  p r o v i d e  a 
g r e a t  v a r i e t y  o f  m i c r o h a b i t a t s .  The many 
s p e c i e s  and  f u n c t i o n a l  g r o u p s  ( C u m i n s ,  
1974)  of a q u a t i c  o r g a n i s m  are p r e c i s e l y  
d i s t r i b u t e d  over t h i s  p h y s i c a l l y  d e f i n e d  
a r r a y  o f  m i c r o h a b i t a t s  (Hynes,  1970) .  

a critical f a c t o r  i n  determining distribution 
of  o r g a n  i s m s  (Hynes,  1 9 7 0 ) . Leaf  and needle
p r o c e s s i n g  o r g a n i s m s  s u c h  a s  c a d d i s  flies 
r e s i d e  i n  t h e  r e l a t i v e l y  q u i e t  water o f  
e d d i e s  b e h i n d  b o u l d e r s  and l o g s  arid i n  p o o l s  
where  o r g a n i c  d e t r i t u s  c o l l e c t s  ~ Many col- 
l e c t o r  o r g a n i s m s  (Cummins, 1974) bui ld t h e i r  
t i n y  n e t s  on s t a b l e  s u b s t r a t e s  l i k e  l a r g e  
p i e c e s  o f  wood o r  i n  i n t e r s t i c e s  be tween  
r o c k s  where t h e  c u r r e n t  c a r r i e s  suf ficient 
o r g a n i c .  d e t r i t u s  t o  s u p p o r t  t h c  o r g a n i s m s ,  
b u t  d o c s  n o t  f l o w  a t  s u c h  h i g h  v e l o c i t y  t h a t  
i t  d e s t r o y s  t h e  n e t s .  

t r a n s p o r t ,  and  d e p o s i t i o n  c a u s e s  a v a r i e t y  
o f  d i s r u p t i o n s  o f  a q u a t i c  o r g a n i s m s  i n  
t h e s e  h a b i t a t s .  A t h i n  f i l m  o f  clay and 
s i l  t - s i z e d  s e d i m e n t  deposited o v e r  organic 
d e t r i t u s  can r e n d e r  t h i s  food  and  case- 
b u i l d i n g  m a t e r i a l  u n u s a b l e  by clogging 
mouths and g i l l s  of  s h r e d d e r  o r g a n i s m s .  
The n e t s  o f  o r g a n i s m s  c o l l e c t i n g  f i n e  
o r g a n i c  d e t r i t u s  from the water column may 
become f i l l e d  w i t h  i n o r g a n i c  sediment. 
Accumula t ion  o f  f i n e  s e d i m e n t  i n  i n t e r s t i -  
t i a l  a r e a s  o f  spawning  s i t e s  r e s t r i c t s  f l o w  
o f  o x y g e n a t e d  w a t e r  t o  e g g s  and d e c r e a s e s  
t h e  o p p o r t u n i t y  f o r  a l e v i n s  t o  move t h r o u g h  
t h e  g r a v e l  t o  open stream w a t e r  once t h e y  
have  h a t c h e d .  

Extremely h i g h  s t r e a m f l o w  even t s  c a n  
r e s h a p e  stream c h a n n e l s  and change t h e  dis- 
t r i b u t i o n  of  a q u a t i c  microhabi ta ts .  Major 
a b r u p t  geomorphic d i s r u p t i o n s  commonly have 

S t r e a m  water v e l o c i t y ,  f o r  example ,  i s  

I n c r e a s e d  s e d i m e n t  a v a i l a b i l i t y ,  

a surprisingly s m a l l ,  s h o r t - l i v e d  impact on 
a q u a t i c  o r g a n i s m s  (Hoopes, 1 9 7 4 ) .  Organisms 
s u r v i v e  m a j o r  f l o o d s  by f i n d i n g  p r o t e c t e d  
s i t e s  i n  g r a v e l ,  behind l o g s ,  amongst  r o o t s  
and  f l o o d e d  v e g e t a t i o n ,  and  i n  t h e  l o w e r  
p o r t i o n s  o f  l o w  g r a d i e n t  t r i b u t a r y  s t r e a m s .  
Many i n s e c t s  have  l i f e  c y c l e s  w i t h  terres-  
t r i a l  p h a s e s  d u r i n g  p e r i o d s  o f  h i g h  p o t e n-  
t i a l  f o r  m a j o r  f l o o d i n g .  S t r e a m s  a re  
r a p i d l y  r e c o l o n i z e d  f o l l o w i n g  a major f l o o d  
by o r g a n i s m s  from t h e s e  t e r r e s t r i a l  and  
a q u a t i c  r e f u g i a .  

Thus,  t h e  m o b i l i t y  o f  a n i m a l s  i s  a 
c a u s e  o f  w e a k e r  linkage be tween  geomorphic  
p r o c e s s e s  a n d  f a u n a  t h a n  be tween  geomorphic  
processes and  f l o r a ,  t h e  l a t t e r  b e i n g  v e r y  
i m p o r t a n t .  

E f f e c t s  of  Geomorphic P r o c e s s e s  
on  F l o r a  

Geomorphic p r o c e s s e s  a f f e c t  v e g e t a t i o n  
i n  a l l  s t a g e s  o f  d e v e l o p m e n t .  I n  t h e  con- 
t e x t  o f  s u c c e s s i o n  on  b a r e  m i n e r a l  s o i l ,  
geomorphic  p r o c e s s e s  may i n i t i a l l y  " f i l t e r "  
t h e  s p e c i e s  of  p l a n t s  e s t a b l i s h e d  on a
s i t e .  S u r f a c e  e r o s i o n  p r o c e s s e s  may move 
s e e d s  of some s p e c i e s  o f f  the s i t e ,  whi le  
s p e c i e s  w i t h  o t h e r  s e e d  c h a r a c t e r i s t i c s  o r  
r e p r o d u c t i v e  s t r a t e g i e s  may become esta- 
b l i s h e d .  E s t a b l i s h e d  s e e d l i n g s  may b e  
l i f t e d  out o f  t h e  soil by f r o s t  h e a v i n g  and 
growth  of n e e d l e  ice .  Geomorphic p r o c e s s e s  
d i s r u p t  g r o w t h  of established t rees  by 
t i p p i n g ,  splitting, and moving s o i l  and  
s t o n e s  a g a i n s t  t h e m .  D i s r u p t e d  growth  of 
t rees t h a t  form regular a n n u a l  r i n g s  com- 
monly p r o v i d e s  excellent r e c o r d s  o f  geo- 
m o r p h i c  a c t i v i t y  a t  a s i t e  ( e . g . ,  P o t t e r ,  
1969;  S c h r o d e r ,  1978;  Carrara ,  1 9 7 9 ) .  

a l t e r  o v e r a l l  s t a n d  c o m p o s i t i o n  and s t r u c -  
t u r e .  On a n  e a r t h f l o w  i n  a c o n i f e r o u s  f o r -  
es t  (Swanson and  Swans ton ,  1 9 7 7 ) ,  f o r  
example ,  areas of  open ground  cracks i n d i -  
ca t ive  of  d i f f e r e n t i a l  g round  movement h a v e  
complex s t a n d s  w i t h  numerous h o l e s  i n  t h e  
canopy where  many o f  t h e  h e a v i l y  l e a n i n g  
t rees have  been  blown down. Opening  of t h e  
canopy h a s  r e s u l t e d  i n  e x t e n s i v e  develop- 
ment o f  u n d e r s t o r y  v e g e t a t i o n  and  a mu1 t i -  
l a y e r e d  f o r e s t .  A d j a c e n t  s t a n d s  n o t  s u b j e c t  
t o  r e c e n t  e a r t h  movement h a v e  c o m p l e t e ,  
single-level c a n o p i e s  and n o  s i g n i f i c a n t  
u n d e r s t o r y  due t o  heavy  s h a d i n g .  

hank c u t t i n g  and l a n d s l i d e s  c o m p l e t e l y  re- 
move v e g e t a t i o n ,  b u t  i n  the p r o c e s s  c r e a t e  
f r e s h  s i tes  f o r  e s t a b l i s h m e n t  o f  new p l a n t  
communi t ies .  Less d e s t r u c t i v e  e v e n t s  s u c h  
a s  o v e r b a n k  d e p o s i t i o n  o f  f i n e  s e d i m e n t  
may s u p p r e s s  h e r b s  f o r  a p e r i o d  of time.

These  d i s t u r b a n c e s  t o  i n d i v i d u a l  p l a n t s  

Geomorphic p r o c e s s e s  s u c h  as  stream- 
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b u t  a l s o  a l low es t ab l i shment  of s p e c i e s  
which r o o t  on d i s t u r b e d  h a r e  mineral soil .  
Geomorphic d i s t u r b a n c e s  can s e l e c t i v e l y  
a f f e c t  s p e c i f i c  components of a p l a n t  com- 

such as f i r e  and h a r v e s t .  
A t  t h e  whole ecosystem l e v e l  p h y s i c a l  

p rocesses  have impor tan t  r o l e s  in n u t r i e n t  
c y c l i n g  regimes.  This is  most c l e a r l y  recog- 
n ized  i n  t h e  case of s t r eam eocsystems where 
the b i o t a  r e s i d e s  i n  f lowing water- - the 
p r i n c i p a l  sediment  t r a n s p o r t  medium. The 
analogous t r a n s i e n c e  and mobi l i ty  of t h e  
p h y s i c a l  environment of terrestr ia l  eco- 
systems are  n o t  so e a s i l y  recognized be- 
cause  s o i l  movement i s  accomplished by a 
mix of slow and e p i s o d i c  p r o c e s s e s ,  But on 
a broad t i m e  p e r s p e c t i v e  and i n  s t e e p  
t e r r a i n  t h e  s o i l  mant le  and i ts  accompany- 
i n g  t e r r e s t r i a l  ecosystem" are moving in-  
exorably  downslope. Consequently,  n u t r i e n t  
c a p i t a l  of a s i t e  r e f l e c t s  t h e  long- term 
ba lance  of n u t r i e n t  i n p u t  and ou tpu t  pro- 
cesses. Physical  t r a n s p o r t  of n u t r i e n t s  i n  
s t e e p  t e r r a i n  i s  an impor tant  f a c t o r  i n  
n u t r i e n t  c y c l i n g  and may limit accumulation 
of n u t r i e n t s  i n  an ecosystem ( S o l l i n s  e t  
a l . ,  i n  p r e s s ) .  

The importance o f  geomorphic processes 
as n u t r i e n t  transfer v e c t o r s  needs f u r t h e r  
considera t ion i n  a n a l y s i s  and comparison of 
n u t r i e n t  cycling regimes of diverse eco- 
systems. N u t r i e n t  cyc l ing  s t u d i e s  typically 
assess s t o r a g e  s i tes  and t r a n s f e r s  f o r  only  

munity l i k e  o t h e r  d i s t u r b a n c e  p r o c e s s e s  

a few y e a r s  o r  l e s s .  Such s t u d i e s  run the 
r i s k  of f a i l i n g  t o  account  f o r  e p i s o d i c  
e v e n t s  w i t h  r e t u r n  p e r i o d s  of many y e a r s ,  
b u t  which accomplish i n  a few minutes  o r  
days t h e  r e s u l t s  of many "average" y e a r s  
(Swanson e t  a l . ,  i n  p r e s s ) .  Debr is  ava- 
lanches  and windthrow a r e  two p o t e n t i a l l y  
dominant p rocesses  t h a t  are r e a d i l y  over-  
looked i n  s h o r t -  term s t u d i e s .  

E f f e c t s  of F l o r a  on Geomorphic 
P rocesses  

Vege ta t ion  r e g u l a t e s  t h e  movement and 
temporary s t o r a g e  of soil and sediment  on 
h i l l s l o p e s  and i n  s m a l l  t o  in t e rmed ia te -  
s i z e d  s t r eams .  To a p p r e c i a t e  t h e  importance 
and v a r i e t y  of  v e g e t a t i o n  e f f e c t s  i t  is use- 
f u l  t o  f i r s t  d e s c r i b e  a soil/sediment rou t-  
i n g  system t y p i c a l  of f o r e s t e d  mountainous 
t e r r a i n  (F ig .  2 ) .  This  model is s i m p l i f i e d  
from sys tems de f ined  by D i e t r i c h  and Dunne 
(1978)  and Swanson and o t h e r s  ( i n  p r e s s ) .  

S o i l  moves down h i l l s l o p e s  by a v a r i e t y  
of mass movement and s u r f a c e  e r o s i o n  pro- 
c e s s e s .  Once i n  t h e  channel ,  t h i s  m a t e r i a l ,  
now termed sediment ,  i s  moved downstream by 
ano the r  s e t  of t r a n s f e r  p rocesses .  A s i n g l e  
p a r t i c l e  of m a t e r i a l  moves through a water- 
shed from one temporary s t o r a g e  s i t e  t o  
ano the r  i n  a series of s t e p s  by d i f f e r e n t  
t r a n s f e r  processes, and i t  may move by 
s e v e r a l  p rocesses  s imul t aneous ly .  

TO 
--ou DOWNSTREAM 

REACHES 

Figure 2.  A model  of  soi l  and sediment  movement  through s teep,  forested watersheds 
T r a n s f e r  p r o c e s s e s  a r e  circled. S t o r a g e  a r e a s  a r e  d e n o t e d  b y  rectangles. 
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The s o i l  man t l e ,  for  example, ha s  
s e v e r a l  components s u b j e c t  t o  d i f f e r e n t  
se ts  of  p r o c e s s e s .  All t h e  s o i l  s u r f a c e  i s  
s u s  ce p t i b  l  e t o  s u r  f ace erosion processes,
and t h e  e n t i r e  s o i l  man t l e  moves b y  t h e  
s u b t l e  group of  p r o c e s s e s  termed " c reep ,"  
i n c l u d i n g  r h e o l o g i c a l  s o i l  de fo rma t ion  and  
r o o t  throw. P o r t i o n s  of a l andscape  sub-  
j e c t  t o  slump and e a r t h f l o w  movement a l s o  
e x p e r i e n c e  c r e e p  and s u r f a c e  e r o s i o n .  
These p r o c e s s e s  move s o i l  d i r e c t l y  t o  
streams, where i t  may r e s i d e  t e m p o r a r i l y  i n  
d e p o s i t s  of colluvium u n t i l  it i s  e roded  
d u r i n g  h i g h  s t r eamf low e v e n t s  ~ S u r f a c e  
e r o s i o n ,  r o o t  throw, a n d  c r e e p  a l s o  move 
s o i l  i n t o  "hollows." l i n e a r  d e p r e s s i o n s  in  

t h e  bedrock  s u r f a c e  o r i e n t e d  downslope 
( D i e t r i c h  and Dunne, 1978). P e r i o d i c a l l y  
d u r i n g  c o n d i t i o n s  o f  ex t r eme ly  h igh  soil 
m o i s t u r e ,  s o i l  s t o r e d  in hollows f a i l s  and 
moves r a p i d l y  downslope as d e b r i s  avalanches. 
Deb r i s  a v a l a n c h e s  t h a t  e n t e r  s m a l l  steel) 
c h a n n e l s  may m a i n t a i n  t h e i r  momentum and 
c o n t i n u e  t o  move r a p i d l y  downstream, p ick-  
i n g  up  alluvium, colluvium, and o r g a n i c  
material a l o n g  t h e  way. 

p o r t  p r o c e s s e s  move p a r t i c u l a t e  mat ter  
t h rough  c h a n n e l s .  Sediment is s t o r e d  i n  
f l o o d p l a i n s ,  a l l u v i a l  f a n s ,  and a v a r i e t y  
of  in- channel  s i tes ,  i n c l u d i n g  p o i n t  b a r s  
and d e p o s i t s  a s s o c i a t e d  w i t h  l a r g e  organic 
debris, such  as 1ogjams. S t o r a g e  beh ind  
l a r g e  o r g a n i c  d e b r i s  is most  important i n  
headwa te r  c h a n n e l s  whereas  f l o o d p l a i n  and 
n o n- d e b r i s- r e l a t e d  s t u r a g e  s i tes a r e  pro- 
g r e s s i v e l y  more s i g n i f i c a n t  i n  l a r g e r  
c h a n n e l s  (Swanson and Lienkaemper,  1978) .  

n e a r l y  a l l  e l emen t s  of t h e  s o i l / s e d i m e n t  
r o u t i n g  sys t em on  s l o p e s  and i n  s m a l l
s t reams (Swanson et  al . ,  in  press) .  Organic  
l i t t e r  p r o t e c t s  t h e  s o i l  s u r f a c e  by d i s s i -  
p a t i n g  t h e  ene rgy  o f  throughfall and rain- 
d r o p s  and i n c r e a s i n g  the i n f i l t r a t i o n  ra te ,  
t h u s  d e c r e a s i n g  t h e  p o t e n t i a l  f o r  overland 
f l ow .  E v a p o t r a n s p i r a t i o n  f u n c t i o n s  of 
v e g e t a t i o n  reduce, soi 1 mois t u r e  which may 
s i g n i f i c a n t l y  a f f e c t  s e a s o n a l  rates of 
c r e e p  and slump-earthflow movement (Gray,  
1970) .  A t  m any s i t e s  r o o t  throw a s s o c i a t c d  
w i t h  blowdown of t r e e s  i s  t h e  major  mechan- 
i s m  of  s o i l  movement. Roots  i n c r e a s e  s o i l  
s t r e n g t h ,  t he r eby  d e c r e a s i n g  t h e  potcntia1 
f o r  sha l l ow  r a p i d  s o i l  m a s s  movements 
(Swanston,  1969,  1970;  O 'Loughl in ,  1 9 7 4 ) .  
Root sy s t ems  c o n t r i b u t e  up t o  40% o f  so i l  
s h e a r  s t r e n g t h  i n  some) key landslide-prone, 
areas  (Dietr ich and Dunne,  1978) .  Removal  
of  m a t e r i a l  i n  s o l u t i o n  i n  ground and 
stream w a t e r s  is r e g u l a t e d  i n  p a r t  by  rate 
of  nutrient u p t a k e  by V e g e t a t i o n  (Likens et 
a l . ,  1977) .  Sediment s t o r a g e  c a p a c i t y  of 
s m a l l  channe1s is g r e a t l y  i n f l u e n c e d  by the 
p r e s e n c e  of l a r g e  o r g a n i c  d e b r i s .  

Be d 1 o ad a n  d suspended s ed imen t  t r ans -

F o r e s t  v e g e t a t i o n  s t r o n g l y  i n f l u e n c e s  

A s  a r e s u l t  of these and o t h e r  e f f e c t s  
of v e g e t a t i o n  on geomorphic p r o c e s s e s ,  sedi- 
m e n t  y i e l d  from small s t e e p  w a t e r s h e d s  
t y p i c a l l y  i n c r e a s e s  d r a m a t i c a l l y ,  b u t  t e m-  
p o r a r i l y ,  f o l l o w i n g  s e v e r e  d i s t u r b a n c e  of  
v e g e t a t i o n  by p r o c e s s e s  such  as w i l d f i r e  and 
c l e a r c u t t i n g .  A c c e l e r a t e d  s e d i m e n t a t i o n  
commonly r e s u l t s  more from i n c r e a s e d  a v a i l -  
a b i l i t y  of s ed imen t  f o r  t r a n s p o r t  t h a n  from 
i n c r e a s e d  a v a i l a b i l i t y  of  wa te r  t o  t r a n s p o r t  
s ed imen t .  Clearcut l o g g i n g ,  f o r  example ,  
can t r i g g e r  i n c r e a s e d  s ed imen t  y i e l d  by 
( 1 )  i n p u t  of s o i l  and o r g a n i c  d e t r i t u s  t o  
channels d u r i n g  t imbe r  f e l l i n g ,  buck ing ,  and 
y a r d i n g  o p e r a t i o n s ,  ( 2 )  release o f  s ed imen t  
s t o r e d  i n  c h a n n e l s  by removing l a r g e  organic 
d e b r i s  t h a t  t r apped  s ed imen t  p r i o r  t o  log-  
g i n g ,  and ( 3 )  r e d u c t i o n  of ground c o v e r ,  
n u t r i e n t  u p t a k e ,  e v a p o t r a n s p i r a t i o n ,  and 
r o o t  s t r e n g t h ,  a l l  of  which .  acce lera te  s o i l  
e r o s i o n  f o l l o w i n g  Ioggi ng. 

E ros ion  r a t e s  from d i s t u r b e d  s i tes  re- 
cove r  t o  p r e - d i s t u r b a n c e  l e v e l s  p a r t l y  
a s  a r e s u l t  of r e v e g e t a t i o n  and r e - e s t a b l i s h -  
ment of  t h e  v a r i o u s  c o n t r o l s  of  v e g e t a t i o n  
on geomorphic  processes.  Because each ero- 
s i o n  p r o c e s s  is r e g u l a t e d  by a d i f f e r e n t  
s e t  o f  v e g e t a t i o n  f a c t o r s ,  r e c o v e r y  ra tes  
d i f f e r  from p r o c e s s  t o  p r o c e s s  (Swanson e t  
a l . ,  i n  p r e s s ) .  O n  many s i t e s ,  f o r  example ,  
i n v a d i n g  h e r b s  and r e s i d u a l  v e g e t a t i o n  
r a p i d l y  reduce n u t r i e n t  l o s s e s  i n  s o l u t i o n ,  
but redevelopment  of a s u b s t a n t i a l  ne twork  
of woody r o o t s  may t a k e  a decade  o r  more. 

and soil/sediment rou t ing  i n  s t e e p  f o r e s t  
l and  must b e  viewed in terms of s u c c e s s i o n  
and s t a n d  h i s t o r y ,  s i n c e  t h e  r e l a t i v e  
impor t ance  and absolute rates of  geomorphic 
p r o c e s s e s  va ry  s i g n i f i c a n t l y  on t h i s  t i m e  
sca le  in  evaluating the geomorphic 
e f f e c t s  o f  man's  activities i n  f o r e s t  eco- 
s y s t e m s ,  i t  is e s s e n t i a l  t o  c o n t r a s t  t h e  
frequency and e r o s i o n  consequences o f  major  
u e g e t a t i o n  d i s t u r b a n c e s  in n a t u r a l  and 
managed systems. 

Consequently,  e r o s  i o n ,  s e d i m e n t  y i e l d ,  

Geomorphic f a c t o r s ,  b o t h  processes and 
l and fo rms ,  p l a y  i m p o r t a n t  a c t i v e  and 
p a s s i v e  r o l e s  i n  F o r e s t  e cosys t ems .  Many 
i n  f 1 uences  in geomorph i c p r o c e s s e s  and 
landforms on  vcgetation a r e  med ia t ed  by 
p h y s i c a l ,  n u t r i t i o n a l ,  a n d  h y d r o l o g i c
p r o p e r t i e s  o f  s o i l s .  L a n d f o r m s  p r i n c i p a l l y  
determine t h e  geographic d i s t r i b u t i o n s  o f  
f auna  and f l o r a .  Landform e f f e c t s  on 
t e r r e s t r i a l  f auna  a r e  main ly  the result  of 
landform-  f l o r a  i n t e r a c t i o n s .  Geomorphi c 
p r o c e s s e s  and f l o r a  i n t e r a c t  s t r o n g l y  i n  
s t e e p  t e r r a i n  and a l o n g  s trearns and r i v e r s .  
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Live and dead v e g e t a t i o n  regulates rates of 
geomorphic processes ,  which, i n  t u r n ,  
des t roy  vegetation, create n e w  o p p o r t u n i t i e s  
f o r  e s t ab l i shment ,  and i n f l u e n c e  t h e  
development of p l a n t  communities. 

I n  c onsidering t h e  evo lu t ion  of con- 
c e p t s  of acosystem development, a major 
c o n t r i b u t i o n  of geomorphology has  been t o  
provide  t i m e  l i m i t s  and temporal perspec-  
t i v e s  on ecosystem change. CIearly f o r e s t  
ecosystem development on many t i m e  scales 
involves  t h e  i n t e r p l a y  of phys ica l  and bio-  
l o g i c a l  f a c t o r s ,  particular1y i n  mountainous 
reg ions .  The phys ica l  s c i e n c e s  should be  
wel l  represented in any major ecosystem 
s tudy .  
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