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It is  e a s i e s t  f o r  me t o  r e l a t e  some of t h e  r e l evance  of geomorphology 
t o  ecosystem s t u d i e s  by o u t l i n i n g  a l i t t l e  of my h i s t o r y  a s  a g e o l o g i s t /  
geomorphologist  working s i n c e  1972 w i t h  t h e  Coniferous  Fo re s t  Biome r e s e a r c h  
group of t h e  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 s t a r t e d . w i t h  t h e  a s s i g n -  
ment of mapping bedrock geology in t h e  ecosystem s tudy  a r e a ,  t h e  H. J. 
Andrews Experimental  Fo re s t ,  near  Blue River ,  Oregon. Although working 
i n  t h e  same geographic a r e a  w i th  t h e  f o r e s t  and stream e c o l o g i s t s  i n  t h e  
group, my p r o j e c t  was complete ly  ou t  of t h e  mainstream of t h e  ecosystem 
study--my time frame was d i s j u n c t .  The youngest  r ocks  i n  t h i s  a r e a  of  t h e  
wes te rn  Cascade Range a r e  3.5 m i l l i o n  y e a r s  o l d ,  Meanwhile, t h e  l o n g e s t  
time per iod  of concern t o  t h e  aqua t i c  and f o r e s t  e c o l o g i s t s  was on t h e  
annua l  s c a l e  of n u t r i e n t  budgets and phys io log i ca l  behavior  of p l a n t s .  
This  f e e l i n g  of being out  of i t ,  t i m e - w i s e ,  r a i s e d  ques t i ons  about t h e  f u l l  
range of geomorphic and v e g e t a t i v e  v a r i a t i o n  and i n t e r a c t i o n .  What s o r t s  
of geomorphology-ecosystem i n t e r a c t i o n s  occur  over  t h e  range  of t ime s c a l e s  
from days  t o  m i l l i o n s  of yea r s ?  Where i s  t h e  common ground f o r  i n t e r a c t i o n  
between geomorphologists and e c o l o g i s t s ?  

Tab le  1 summarizes some thoughts  on t h i s  m a t t e r  based on Douglas-fir-  
wes te rn  hemlock f o r e s t  ecosystems i n  t h e  Cascade Mountains of Oregon. 
Major exogenous even t s  t h a t  a f f e c t  ecosystems and landscapes  a r e  a r r ayed  
by f requency of occurrence over  a broad t ime  s c a l e .  These even t s  i n c l u d e  
c l i m a t i c  and geo log ic  p rocesses  a s  w e l l  a s  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 idered  exogenous, bu t  i n t e n s i t y  
and areal e x t e n t  of burns  may be c o n t r o l l e d  by endogenous v e g e t a t i o n  and 
landscape  f a c t o r s .  Some of t h e s e  even t s  are r e g u l a r  and c y c l i c a l  i n  

' o ccu r r e nce ,  wh i l e  o t h e r s  a r e  ep i sod i c  and t h e i r  f requency would be cons idered  
h e r e  i n  terms of average  r e t u r n  per iod .  

Geomorphic f a c t o r s  va ry  over  t h i s  t ime 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  r a t e s  of geomorphic p roce s se s  t o  t h e  long-term develop- 
ment of  t h e  physiographic  p rov ince  a s  a whole. Development of p r o g r e s s i v e l y  
l a r g e r  landforms occurs  on p r o g r e s s i v e l y  l onge r  time s c a l e s .  Geomorphic 
r e spons e  t o  t h e  most f r equen t  exogenous even t s  l i s t e d  does  n o t  i nvo lve  
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  even t .  A t  i n t e r m e d i a t e  
t ime s c a l e s ,  landforms of i n t e rmed ia t e  s p a t i a l  s c a l e ,  such as t e r r a c e s ,  f a n s ,  
and moraines ,  form i n  response  t o  exogenous even ts .  On s t i l l  longer  t i m e  
f rames ,  landform elements  of g r e a t e r  geographic  e x t e n t  develop a s  t h e  sum of  
a l l  h i ghe r  frequency geomorphic responses  t o  exogenous even ts .  

Vege ta t ion  is a l s o  s u b j e c t  t o  an  a r r a y  of changes over  t h i s  broad 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  response  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 mo i s tu r e  regime. On t h e  t i m 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)  success ion  occurs  fo l lowing  major ecosystem d i s t u r b a n c e s  such  
a s  f i r e ,  l a n d s l i d e s ,  and e x t e n s i v e  blowdown even ts .  Primary succe s s ion ,  



Table 1. Geomorphic and v e g e t a t i v e  v a r i a t i o n  and exogenous e v e n t s  a f f e c t i n g  ecosystems 
and landscapes on an a r r a y  o f  time sca l e s .  Example from Douglas-fir--western hemlock 
f o r e s t s  i n  Cascade Flountains, Oregon. 

Event 
Frequency 

( y r )  Exogenous Events Geomorphic Var i a t ion  Vegetation Var i a t ion  

10-~-10-' P rec ip i t a t ion -  
Discharge Event 

"Base-flow" e ros ion  by Physiologic response 
noncatas t rophic  processes  of i nd iv idua l  p l a n t s  

1 0 ~ - 1 0 '  Annual water budget 
moderate storms 

l o 2  Extreme storms Pe r iods  of acce le ra t ed  secondary success ion  
maj o r  d is turbances  of  erosion--Slide s c a r s ,  
vegeta t ion ,  e.g., f i r e  channel  changes 

l o3 - lo4  Climate change In termedia te  s c a l e  Primary success ion  
Glac ia t ion  landf  o m s  : t e r r a c e s ,  Migration 

f a n s ,  moraines, e t c .  Microevolut i o n  

l o 6  Episodes of 
volcanism 

Gross morphology of major 
dra inages  and cons t ruc t iona l  
(volcanic)  landf orms 

Macroevolut i on  
Development of physiographic 
province a s  a whole 



i n  t h e  range of spec ies  and p l a n t  communities, and microevolut ion 
~ c c u r ,  i n  p a r t ,  i n  response t o  and on t h e  time s c a l e  of major c l i m a t e  change. 
~ o s t  s i g n i f i c a n t  macroevolution t akes  p l ace  over s t i l l  longer  t ime per iods .  

To some ex ten t ,  Table 1 shows h i e r a r c h i c a l  arrangements of geomorphic 
and v e g e t a t i v e  change. Change on each time s c a l e  involves both response  
t o  exogenous events  a t  t h a t  t ime s c a l e  and t h e  sum of a l l  higher  frequency 
v a r i a t i o n  i n  t h a t  system. For example, formation of t e r r a c e s  and a l l u v i a l  
fans  may be f a c i l i t a t e d  by c l ima te  change and g l a c i a t i o n  on t h e  s c a l e  of 
103 t o  104 years ,  but t h e  a c t u a l  c o n s t r u c t i o n a l  processes  occur a s  more 
f requent  "base flow" eros ion  and pu l se s  of acce l e ra t ed  sedimentat ion a t  t h e  
s c a l e s  of decades and cen tu r i e s .  

Table 1 provides a b a s i s  t o  consider  our o r i g i n a l  ques t ion  concerning 
geomorphology-ecosystem i n t e r a c t i o n s .  I n t e r a c t i o n s  occur on each t ime s c a l e ,  
but a r e  most dramatic on in te rmedia te  t ime s c a l e s .  On longer  and s h o r t e r  
time frames, geomorphic set t ing i s  commonly viewed as  a passive, invariant 
s t a g e  on which evolut ion and p l a n t  physiologic  behavior t a k e  place.  But 
on t h e  in te rmedia te  s c a l e  of secondary succession,  change i n  p l a n t  community 
composition, v igo r ,  and s t r u c t u r e  can profoundly a f f e c t  r a t e s  of geomorphic 
processes .  Geomorphic events  may, i n  t u r n ,  s e t  t h e  s t a g e  f o r  success ion  
by c r e a t i n g  f r e s h  s u b s t r a t e s  and may determine t o  some ex ten t  t h e  r a t e  and 
type of p l a n t  community development t h a t  fo l lows  a major ecosystem dis turbance .  

The d e t a i l e d  cha rac t e r  of geomorphology-ecosystem i n t e r a c t i o n s  vary  
from one ecosystem-landscape type  t o  another .  This  i n t e r a c t i o n  i f  p a r t i c u -  
l a r l y  dynamic ' i n  t h e  coni fe rous  f o r e s t  ecosystems of t h e  s t eep  Cascade 
t e r r a i n  where vegeta t ion  i s  important i n  r egu la t ing  s o i l  and sediment 
movement down s lopes  and streams. H i s t o r i c a l l y ,  t hese  f o r e s t s  and landscapes  
have experienced widespread, i n t e n s e  crownf i r e ,  f loods ,  l a n d s l i d e s ,  wind- 
storms, and assoc ia ted  f l u c t u a t i o n s  i n  sedimentation. Today a major p roces s  
of s tand  and landscape d i s tu rbance  i s  c l e a r c u t  logging. 

Over the past six years the main research in te res t s  of our group have 
s h i f t e d  from sub jec t s  on d i s p a r a t e  t ime s c a l e s  t o  focus on geomorphic and 
ecosystem e f f e c t s  of t h e s e  d i s tu rbances  over a per iod of decades and 
cen tu r i e s .  Forest  and stream e c o l o g i s t s  expanded t h e i r  t ime pe r spec t ives ;  
and geologist/geomorphologists col lapsed  t h e i r s .  This meeting i n  t h e  middle 
has been an  exc i t i ng  educa t iona l  process ,  and it has involved working on 
some problems t h a t  had previous ly  f a l l e n  between t h e  d i s c i p l i n a r y  s l a t s .  
One such a r e a  of r e sea rch  concerns t he  b io log ic  and geomorphic r o l e s  of 
l a r g e  woody d e b r i s  i n  streams and how d e b r i s  condi t ions  vary  i n  space 
(from small  streams t o  l a r g e  r i v e r s ) ,  and i n  time ( a f t e r  w i l d f i r e  and c l e a r -  
c u t t i n g )  (Anderson -- e t  a l .  1978, Swanson -- e t  a l .  i n  p re s s ,  and Ke l l e r  and 
Swanson i n  p re s s ) .  

The more important i n t e r a c t i o n s  among geomorphic processes  and f e a t u r e s ,  
f l o r a ,  and fauna a r e  shown i n  Figure 1. Some re sea rch  a c t i v i t i e s  i n  our  
group have concentrated on t h e  r o l e  of geomorphic processes  i n  n u t r i e n t  
cyc l ing  and e f f e c t s  of vege ta t ion  on r a t e s  of geomorphic processes  i n  400 
t o  500 year-old s tands  and i n  c l e a r c u t s  0 t o  35 years  o ld .  D i f f e r e n t  compon- 
e n t s  of vege ta t ion  a f f e c t  each geomorphic process  (Table 2) and each vegeta-  



GEOMORPHIC PROCESSES I I 
AND FEATURES 

% 1 
A .  Crea t e  new sites f o r  es tab l i shment  and d i s t i n c t i v e  

h a b i t a t .  Disrupt  growth by t i p p i n g ,  s p l i t t i n g ,  s t on ing .  
Transfe r  n u t r i e n t s .  Determine d i s t u r b a n c e  frequency by 
e f f e c t s  on f i r e  b reaks ,  f i r e  behavior ,  wind s e n s i t i v i t y .  

B. Regulate  r a t e s  of e ro s ion  processes .  Af f ec t  s o i l  and 
sediment s to rage .  ( record geomorphic h i s t o r y ) .  

C. C rea t e  d i s t i n c t i v e  h a b i t a t .  Inf  l uence  t r a v e l  behavior  
and rou t e s .  

D. A f f ec t  s o i l  movement by burrowing, s u r f a c e  t r a v e l ,  s o i l  
compaction, l i t t e r  reduc t ion .  Affect f l u v i a l  p roces se s  
and landforms--dam streams,  burrow in banks, t r a i l s  
i n i t i a t e  g u l l i e s .  

F igu re  1. I n t e r a c t i o n s  among geomorphic p roces se s  and f e a t u r e s ,  
f l o r a ,  and fauna. Flora-fauna i n t e r a c t i o n s ,  t h e  s u b j e c t  of much 
ecology r e sea rch ,  a r e  no t  considered here .  



Table 2. Roles of vege ta t ion  i n  r e g u l a t i n g  h i l l s l o p e  t r a n s f e r  process r a t e s .  

Component To ta l  Living V e g e t a t i o n  Aboveground Biomass Roots Living and Dead 
c Biomass Groundcover 
0 

. - ------------------------------------------------------- 
U 
(d 
U Function Loading Water N u t r i e n t  Regula t ion  Medium f o r  Source o f  V e r t i c a l  L a t e r a l  Surf ace  
M 
a~ of Slope Uptake Uptake of Snowmelt Transfer  of L i t t e r f a l l  Anchoring Anchoring Obstruct ion 
3 Hydrology Windstress 

- -- 

Solu t ion  0 - --- 0 0 0 0 0 0 
m 
aJ 

L i t t e r f a l l  
aJ 

0 0 0 0 0 ft-t 0 0 0 
0 
0 
~c 

' Surface  
PI 0 0 0 0 0 0 0 0 -- 

e r o s i o n  
Fc 
9) 
'+I 
m ' Creep + -- 0 - , O , +  0  ,+ 0 -- -- 0 
8 ;  
8 ( Root throw 0 0 0 0 f+t 

Sense of v e g e t a t i o n  func t ion  
+ Vegeta t ion  func t ion  increases  t r a n s f  e r  process  r a t e  
- Vegeta t ion  func t ion  decreases  t r a n s f e r  process  r a t e  

S ign i f i cance  of vege ta t ion  funct ion 
+,- Quest ionable,  s l i g h t  

+t,-- S i g n i f i c a n t  
i+k, --- S u b s t a n t i a l  



t i o n  component is  l i k e l y  t o  recover  a long a  d i f f e r e n t  t ime t r a j e c t o r y  
fo l lowing  dis turbance.  Consequently t h e  r a t e  of each process  w i l l  va ry  
w i th  d i f f e r e n t  magnitude and timing in response t o  ecosystem d i s t u r b a n c e  
and revege ta t ion .  A hypothe t ica l  example f o r  a s t e e p  10-ha western 
Cascade watershed might show a longer  du ra t i on  i n c r e a s e  i n  d e b r i s  ava lanche  
p o t e n t i a l  a s  regula ted  by roo t  s t r e n g t h  than t h e  more r ap id  recovery of 
s u r f a c e  e ros ion  r a t e  a s  t h e  organic  l i t t e r  l a y e r  b u i l d s  up o r  a  l a g  armor 
of c o a r s e r  s o i l  p a r t i c l e s  forms (Figure 2 ) .  Erosion by r o o t  throw i n  t h e  
c l e a r c u t  a r e a  i s  reduced u n t i l  t r e e s  a r e  l a r g e  enough t o  be blown down 
and r a t e  of denudation by t r a n s p o r t  of m a t e r i a l  i n  s o l u t i o n  i s  checked 
by n u t r i e n t  uptake a s  biomass product ion t a k e s  p l a c e  dur ing  r evege t a t i on .  

I :  '. DEBRIS AVALANCHE - '. POTENTIAL 
- 0 .  . . . . '. . ....... ........... - 

-.-.- OLUTION TRANSPORT .-.-.-.-. 
SURFACE EROSION 

I 
-----1 L J ROOT, THROW , 

OLD 0 5 10 15 2 0  

GROWTH YEARS AFTER CLEARCUTTING 
FOREST 

Figure  2. Hypothet ical  r a t e s  of s e l e c t e d  processes  
of s o i l  input  t o  channel before  and a f t e r  logging of 
s t eep ,  10-ha Watershed 10,  H. J. Andrews Experimental 
Fores t  (from Swanson e t  a l .  in p r e s s ) .  -- 

Geomorphic response t o  ecosystem d i s tu rbance  is  f u r t h e r  complicated 
by t h e  complex in - se r i e s  and i n - p a r a l l e l  r e l a t i o n s h i p s  among processes  t h a t  
t r a n s f e r  o r an i c  and inorganic  m a t e r i a l  (Figure 3 ) .  This  view of t h e  s o i l -  
s e d h e n t  r o u t  ing system has  been s imp l i f i ed  by excluding s t o r a g e  element s, 
such a s  d e b r i s  avalanche "hollows" (D ie t r i ch  and Dunne 1978) ,  f a n s ,  and 
d e p o s i t s  i n  f loodpla ins  and behand l a r g e  organic  d e b r i s .  Rates of i n £  low 
and outf low and o v e r a l l  capac i ty  of t he se  soi l -sediment  s t o r a g e  compartments 
vary  w i t h  vege t a t i on  condi t ions .  
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Figure  3.  Rela t ionships  among organic  and inorganic  mat te r  
t r a n s f e r  processes  and p r i n c i p a l  d r i v i n g  v a r i a b l e s  f o r  a s m a l l  
western Oregon watershed. Arrows i n d i c a t e  t h a t  one process  
inf luences  t h e  second process  by supplying m a t e r i a l  f o r  t r ans -  
p o r t  o r  by c rea t ing  i n s t a b i l i t y  t h a t  culminates  i n  t h e  occur- 
rence of the second process (from Swanson -- e t  a l .  in  press). 

Assessment of geomorphic e f f e c t s  of ecosystem dis turbances  concerns 
not  only magnitude and du ra t ion  of response t o  a s i n g l e  d i s tu rbance ,  but  
a l s o  frequency of dis turbance.  This  i s  an important cons idera t ion  in 
comparing d ive r se  ecosystems where d i s tu rbance  frequency may be q u i t e  
d i f f e r e n t  and in  measuring long-term impact of management a c t i v i t i e s  on 
sediment y i e ld .  I n  t he  l a t t e r  ca se  management r e l a t e d  d i s tu rbances  of a n  
ecosystem may d i f f e r  i n  kind, magnitude, du ra t ion ,  and frequency from t h e  
d i s tu rbance  regime. Hypothet ical  v a r i a t i o n  i n  s e v e r a l  of t h e s e  parameters  
over about a thousand years  i s  shown i n  Figure 4 ,  aga in  us ing  Watershed 10 
i n  t h e  H. J. Andrews Experimental Fores t  as t h e  example. Such a long-term 
p e r s p e c t i v e  is e s s e n t i a l  t o  r e a l i s t i c a l l y  eva lua t e  management impact on 
vege ta t ion ,  s o i l s ,  and streams. 



F I R S T  CLEARCUTTING 
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Figure 4. Hypothet ical  v a r i a t i o n  in  sediment y i e l d  from Water- 
shed 10, H. J. Andrews Experimental Fores t ,  over a thousand 
yea r s  of h i s t o r y  spanning management and prernanagement t ime 
(from Swanson et a 1  . in p re s s )  . -- 

So t h e  d iscuss ion  r e t u r n s  t o  one of t h e  most important  c o n t r i b u t i o n s  
t h a t  a geomorphologist o f f e r s  ecosystem research--a broad t ime pe r spec t ive .  
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