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INTRODUCTION 

Foresters are  faced with increasingly complex ecological problems as 
soc ie t ies  struggle t o  produce a n  expanded array of goods and services  from a 
shrinking fores t  land base. How can s i t e  productivity be maintained under t h e
pressures placed on i t  by intensive fores t  management and harvest systems? 
What a re  natural sources of nitrogen and what types and amounts of organic 
matter are  needed t o  perpetuate favorable so i l  chemical and physical 
conditions? What s t ructural  components a n d  food sources are  needed t o  prow de 
habi tat  f o r  the desired diversi ty  of organisms, including threatened and  
endangered species? What a re  the natural levels  of sediments in streams 
supporting important f i s h e r i e s  and how are  sediments maintained a t  these 
1 eve1 s?  

These and many other questions t h a t  a r i s e  in planning and manaqing uses o n
ou r  fo res t  lands a re  c lea r ly  a t  the ecosystem level with a l l  the complexitie 
that  implies. Ecosystem studies needed t o  provide answers t o  these questions 
must include research on functioning of natural fo res t s .  What a re  the 
patterns and  rates  of energy and material flows and t h e i r  controls?  What a r e
the roles  of various s t ructural  elements in  fo res t s  such as  logs and snags? 
Answers are  sure t o  be ins t ruc t ive  fo r  managed fores t s  since our knowledge o f
ecosystems i s  s t i l l  r e la t ive ly  rudimentary. Note, fo r  example, recent 
discoveries about the l a rge  proportions of photosynthate u t i l i zed  in 
mai ntenance of below-ground portions fo res t  ecosystems. Virgin fo res t s  are 
part icular ly valuable i n  ecosystem research since components, processes, and  
(especial ly)  interact ions may be absent from the a r t i f i c i a l  (somewhat 
simplified) fo res t  stands. There i s ,  of course, the additional need f o r  
s tudies  of natural ecosystems as baselines against which we can measure the 
health of our  managed ecosystems and landscapes. 

increasingly confined t o  specially designated nature preserves. There a re  a 
variety of approaches d i f fe r ing  ( b u t  typical ly  overl apping) in  objectives and 
nomenclature: National Park, Research Natural Area, National Nature Reserve, 

The natural fo res t s  and landscapes needed f o r  t h i s  research are 
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Wilderness, Biosphere Reserve, and Zapovednik, t o  name only a few. 
programs a re  important b u t  some (e.g.,  Research Natural Areas) involve 
relat ively small areas, while others involve substantial recreational use 
(e .g. ,  National Parks) or focus on  specif ic  organisms rather  t h a n  ecosystems 
(e .g. ,  some Zapovednika). 

Legally designated Wilderness (denoted by a capital " W " ) ,  areas s e t  as ide 
within the United States  by ac t s  of Congress, will be the major topic of t h i s  
paper. 
par t icular ly important opportunities f o r  ecosystem research due t o  t h e i r  large 
s ize a n d  management fo r  natural values. 
drainages and associated land and water interact ions are  especial ly  c r i t i c a l  
t o  ecosystem science. Designated Wilderness w i l l ,  of course, grow ever more 
important as  ecological research s i t e s ,  with the domestication of much of the 
remaining North American landscape. 

base1 ines fo r  fo res t  ecosystem research. 
in the United States ,  par t icular ly in Olympic National Park, Washington, a 
large forested park most of which i s  proposed f o r  formal Wilderness 
designation. 
providing ecological information c r i t i c a l  t o  management of adjacent commodity 
1 ands. 

All such 

Such Wilderness, as  recognized in the United States ,  provides some 

The opportunities t o  look a t  whole 

In t h i s  paper I, will out l ine the role  of Wilderness and similar areas as  
Examples will come from experiences 

My purpose i s  t o  suggest the potential such areas have for  

G E N E R A L  VALUE OF NATURAL ECOSYSTEMS 

Natural fo res t  ecosystems can function as  basel ines a n d  y ie ld  valuable 
ecological information regardless of preservation s ta tus  o r ,  t o  a degree, 
s ize .  Ecosystem research in the temperate coniferous fo res t s  of the 
northwestern Nor th  America provides an example. The natural fo res t s  o f  t h i s  
region are  we91 known f o r  t h e i r  high productive potential a n d  accumulated 
biomass of species, such as  Douglas-fir (Pseudotsuga menziesii ) ,  western 
redcedar (Thuja l i c a t a ) ,  western hemlock. hetero hy ) ,  a n d  t rue f i r s  
(Abies s p p m n b  commonly 250 t o  65h years- 

Functional, s t ruc tura l ,  and compositional characterizations of n a t u r a l  
forests  and associated streams, especial ly  in the old-growth s t a t e ,  were 
accomplished through studies  of f o r e s t s  in  t w o  National Parks, several 
Research Natural Areas, a Wilderness, and two Forest Service Experimental 
Forests as  well a s  in  some stands outside preserved areas (Franklin e t  al. 
1981). While many of the individual s tudies  were conducted as basic research 
under the US International Biological Programs's Coniferous Forest Biome 
study, the synthesis was prepared specif ical ly  t o  provide information needed 
by forest  managers i n  the National Forests of the region. 

Analysis of the natural fo res t  ecosystems surfaced a number of important 
and sometimes surprising features  (Franklin e t  a1 . 1981). Structural 
features ,  specif ical ly  the large old t rees ,  large snags, and  large logs on the 
forest  floor and in the streams, proved t o  be the key t o  most of the 
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f unc t i ona l  and composi t ional  pecu la r i  t i e s  o f  o l  d-growth f o r e s t .  Coarse woody 
deb r i s  (snags and l o g s )  p lay  m u l t i p l e  r o l e s  i n  these f o r e s t s  by p r o v i d i n g  
h a b i t a t  f o r  w i l d l i f e ,  s i t e s  f o r  n i t r o g e n  f i x a t i o n ,  sources o f  energy, 
n u t r i e n t s  and s o i l  organic mat ter ,  and seedbed. I n  streams, coarse woody 
deb r i s  was found c r i t i c a l  t o  t h e  phys ica l  and b i o l o g i c a l  s t a b i l i t y  o f  mountain 
streams by d i s s i p a t i n g  energy otherwise used i n  erod ing t h e  channels, c r e a t i n g  
h a b i t a t  d i v e r s i t y ;  serv ing as a source o f  energy and n u t r i e n t s ,  i n c l u d i n g  the  
major s i t e  f o r  n i t r ogen  f i x a t i o n ;  and he lp ing  r e t a i n  l i t t e r  and o t h e r  organic 
i n p u t s  u t i l i z e d  as food sources by stream organisms. Examinations o f  younger 
na tu ra l  stands ( l e s s  than 150 years)  showed t h a t  they  were more l i k e  
old-growth stands than managed f o r e s t  stands i n  many c h a r a c t e r i s t i c s .  Most 
young stands o r i g i n a t e  f o l l o w i n g  w i l d f i r e s  i n  which the  o l d  f o r e s t  i s  k i l l e d  
b u t  n o t  consumed so t h a t  amounts o f  coarse woody deb r i s  have 
c h a r a c t e r i s t i c a l l y  been h igh  throughout na tu ra l  successional sequences o f  
f o res t .  
n u t r i e n t s ,  w i l d l i f e  h a b i t a t ,  and deb r i s  i n  streams. 

Th is  i n fo rma t i on  i s  now be ing u t i l i z e d  by managers i n  developing 
management p r e s c r i p t i o n s  f o r  r e c r e a t i n g  01 d-growth c o n d i t i o n s  us ing  l o n g  
r o t a t i o n s  (300 yea rs ) .  Ul t ima te l y ,  i t s  most impor tant  use i s  i n  e c o l o g i c a l l y  
improving s i l  v i c u l t u r a l  p r e s c r i p t i o n s  f o r  t he  m i l l i o n s  o f  acres  o f  managed 
f o r e s t s  w i t h i n  t h e  reg ion,  such as p r o v i s i o n  o f  app rop r i a te  amounts and s i zes  
o f  snags and r o t t e n  l ogs .  

The wood a l so  prov ides a b r i dge  across major d is turbances f o r  carbon, 

SPECIFIC VALUES OF WILDERNESS 

Wilderness, i n  t h e  sense o f  ex tens ive  na tu ra l  t r a c t s  w i t h  minimal human 
i n te r fe rence ,  prov ide s c i e n t i f i c  o p p o r t u n i t i e s  n o t  gene ra l l y  assoc ia ted w i t h  
smal le r  preserves o r  areas used f o r  developed rec rea t i ona l  a c t i v i t i e s .  Scale 
i s  probably a key f a c t o r  s ince, o the r  t h i ngs  being equal, t h e  l a r g e r  t h e  area 
the  g rea te r  t h e  p o s s i b i l i t e s  f o r  na tu ra l  i n t e g r i t y  o f  ecosystems and t h e i r  
environment. 
w i lderness can be i l l u s t r a t e d  w i t h  examples from Nor th  America. A l l  o f  these 
i nvo l ve  us ing a Wilderness f o r  base l ine  s tud ies  o f  processes, organisms, o r  
environments i n  t he  na tu ra l  s t a t e  and use o f  t h a t  knowledge i n  managing 
resources o r  i n t e r p r e t i n g  phenomena i n  developed reg ions.  These f o u r  spec ia l  
research oppo r tun i t i es  are  a v a i l a b i l i t y  o f :  1 )  whole drainage bas ins  a l l o w i n g  
s c i e n t i s t s  t o  study r e l a t i o n s h i p s  between l and  and water;  2 )  popu la t i ons  and, 
o f ten ,  complete ranges o f  l a r g e r  herb ivores  and predators ;  3 )  sequences o f  
stands o f  d i f f e r e n t  ages o r  successional s ta tes  on comparable s i t e s  
(chronosequences); and 4)  areas f o r  mon i to r i ng  background l e v e l s  o f  
environmental pol  1 u tants .  

Four p a r t i c u l a r  research o p p o r t u n i t i e s  assoc ia ted w i t h  

W h o l e  D r a i n a g e s  

Resource managers commonly deal w i t h  ecosystems a t  t h e  very l a r g e  scale o f  
drainage basins i n v o l v i n g  hundreds o r  even thousands o f  hectares;  t h i s  
necess i ta tes  development and i n t e g r a t i o n  o f  s c i e n t i f i c  i n f o r m a t i o n  a t  the  
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drainage l e v e l .  
erosion, and water qual i ty  commonly require the perspective of a r iver  
drainage, fo r  example, a s  do  questions involving large migratory herbivores. 
The research required t o  answer such questions i s  s t i l l  a t  the level o f  basic 
pr inciples .  Natural drainages a re  needed, therefore,  a s  the laborator ies  
where knowledge of interact ions between land and water and  biological and 
physical processes can be developed. Later i n  t h i s  paper I will  provide an 
example of t h i s  kind of research in a report on  the Hoh River ecosystem study. 

Questions of e f f e c t s  of fo res t ry  a c t i v i t i e s  on f i s h e r i e s ,  

P o p u l a t i o n s  o f  L a r g e  A n i m a l s  

Studies of natural or semi-natural populations of larger  herbivores and 
predators, and t h e i r  in te rac t ions ,  require l a rge  wildland t r a c t s  because o f  
the large ranges typical ly  involved. In  the United States  wilderness areas 
associated with National Parks a re  generally much more useful than those of 
other agency ju r i sd ic t ions  s ince hunting i s  n o t  allowed and even f i sh  stocking 
has been eliminated in  many areas.  Such National Park Wilderness' have been 
the s i t e  of several c lassical  s tudies  including the relat ionship between 
populations of moose (Alces a lces )  and gray wolves (Canis lupis).
National Park in Washington State biologists have been studying natural 
populations o f  the Roosevel t elk (Cervus el aphus roosevel t i  ) , a 1 arge 
herbivore and important game animal. 
revisions in  ecological understanding of the species (Jenkins and Starkey 
1980a, 1980b; Jenkins 1981). The non-migratory nature of many of the animals 
was one unexpected f inding;  essen t ia l ly  a l l  of the e lk  were previously 
believed t o  migrate between the lowland fores t s  ( i n  winter)  and the subalpine 
meadowlands ( i n  summer). Groups in  the undisturbed natural Roosevelt elk 
populations were found t o  be extremely s tab le .  Final ly,  floodplain 
communities of hardwoods, especial ly  red a lder  (Alnus r u b r a ) ,  proved t o  be 
disproportionately important f o r  foraging, especially in the    spring. 
important management implication, outs ide of the park Wilderness, i s  t h a t  
floodplain habi tats  are  necessary f o r  balanced elk hab i ta t  in addition t o  the 
clearcut  lands and young even-aged f o r e s t s  which were previously t h o u g h t  t o  
provide the required array of food and cover (Jenkins 1981). 

In  Olympic 

These s tudies  are  leading t o  major 

An 

S t a n d  S e q u e n c e s  

The extensive natural landscapes found in Wilderness typically are covered 
with a mosaic of fo res t  types which can be very valuable i n  ecological 
s tudies .  These r e f l e c t  varied environmental conditions and disturbance 
h i s to r ies .  
moisture, nutr ient  and temperature gradients .  Cl a s s i f i ca t ions  of fo res t  s i t e s  
based upon s tud ies  of natural fo res t  communities and recognition of plant 
indicator  species have made extensive use of ex i s t ing  virgin landscapes which 
w i l l ,  of course, be increasingly confined t o  Wilderness i n  the future. Large 
contiguous t rac ts  are  par t i cu la r ly  valuable f o r  t h i s  work since i t  i s  possible 
t o  study variat ion over the landscape without complicating geographical 
disjunctions. 
u t i l i zed  Wilderness, actual or proposed (e .g. ,  Whittaker 1956). Many of these 
studies have had pract ical  appl icat ions and included a new approach t o  
resource inventory i n  a t  l e a s t  one case (Kessell 1981). 

I n  the western United States  f o r e s t  composition varies along 

Many studies  of plant  communities in the United States  have 
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Fire and other disturbances typical ly  have created varied successional 
stages and fores t  age c lasses  in  Wilderness landscapes. 
States  fo res t  stands range up  t o  1000 years or more i n  age (Hemstrom 1979). 
Where several f o r e s t  age classes  are  represented on the same habi tat  or s i t e  
type, the sequence of age c lasses ,  or chronosequence, can be used t o  study 
time-related ecosystem changes. Structural , compositional and functional 
features  of ecosystems can a l l  be examined. Care i s  necessary i n  drawing 
inferences, however, since the assumptions of comparable s i t e  conditions and 
stand history are  d i f f i c u l t  t o  ver ify.  Nevertheless, the  chronosequence 
approach can be ins t ruc t ive  and obviously provides an essent ial  short  c u t  t o  
repeated observations of the same f o r e s t ,  something scarcely possible where 
succession requires a millenium or more for  completion. Wilderness and 
s imilar  large preserves are  especial ly  useful f o r  chronosequence s tudies  since 
they are  more l ike ly  t o  include a variety of fo res t  ages on a given habi tat  
type and include the old successional stages obviously absent from managed 
landscapes. 
knowledge b u t  also information relevant t o  management. Some examples from 
old-growth fores t s  were mentioned e a r l i e r .  
research by Dr. James Agee (1981) and his  associates  on s i x  f o r e s t  burns of 
ages from 0 t o  3 years  u p  t o  over 500 years. Studies of fo res t  f i r e  f u e l s  
have been par t i cu la r ly  useful showing t h a t  fuel loads peak in re la t ive ly  young 
stands n o t  in  old-growth fores t .  

In the western United 

Chronosequence studies n o t  only provide basic ecological 

Another current  example i s  

P o l l u t a n t  M o n i t o r i n g  

Wilderness areas  a re  proving valuable s i t e s  fo r  monitoring background 
leve l s  of environmental polluntants, information of d i r e c t  societal concern 
a1 bei t n o t  necessarily t o  resource management. The National Atmospheric 
Deposition Program i n  the United States  includes a network of sampling 
s ta t ions  where the chemistry of b o t h  precipi tat ion a n d  dryfal l  a re  monitored. 
Several s i t e s  i n  preserved landscapes, including Olympic and Great Smoky 
Mountains National Parks, a re  used t o  determine background leve l s ,  i . e .  l eve l s  
of chemicals a t  s i t e s  well removed from major sources of pol lut ion.  
comprehensive envi ronnental pol 1 u t a n t  monitoring system has been developed and 
tested in  wilderness cores o f  both the Olympic a n d  Great Smoky Mountains 
National Parks (Wiersma e t  a l .  1978). These sampling programs provide 
baseline data on pol lutant  l eve l s  in  a i r ,  plants,  s o i l s  and water; through 
repeated samplings i t  i s  possible t o  determine trends in the background leve l s  
of important pol lutants .  
use of some of t h e i r  Zapovednika/Biosphere Reserves (Franklin and  Krugman 
1979). 

A 

Scien t i s t s  i n  the Soviet Union are  making s imilar  

L i m i t a t i o n s  o f  W i l d e r n e s s  
f o r  B a s e l i n e  R e s e a r c h  

There a r e  two basic l imitat ions on the use of Wilderness f o r  s tudies  on  
natural ecosystems and as ecological base1 ines f o r  adjacent managed regions. 
F i r s t ,  no ecosystem in the World i s  completely f ree  of human influence and,  
therefore,  some modification of natural conditions. Even the most p r i s t ine  
of Wilderness in  t h e  United States ,  excluding Alaska, r e f l e c t s  s ign i f ican t  
human influences due t o  f i r e  control programs and introductions of pests and 
pathogens (Franklin 1978). Some human a c t i v i t i e s ,  such a s  grazing, hunting, 
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and f ishing,  are  permitted t o  continue in  Wilderness areas except For those in  
National Parks .  Roads and other  a c t i v i t i e s  adjacent t o  Wilderness boundaries 
can influence pol lutant  levels .  The key point here i s  simply tha t  the nature 
a n d  extent of human influences needs t o  be c l e a r l y  recognized when such areas 
are  used as ecological benchmarks. Human influence will vary i n  degree and 
avoidabi l i ty  and i t s  importance will vary with the object ives of the research. 

Legislation and regulation provide the second l imitat ion on s c i e n t i f i c  use 
of Wilderness by determining the types of s tud ies ,  equipment, markers, access, 
manipulations, co l lec t ions ,  e t c . ,  tha t  will be allowed. The United States  
Congress provided general direct ion f o r  Wilderness management in  the United 
States .  Regulations provide the specif ic  direct ion,  however, and these vary 
subs tan t ia l ly  by agency. Limitations on items such a s  access and equipment 
a re  most severe on  Wilderness managed by US Department of Agriculture Forest 
Service and there are  fewer local options. Gas-powered a n d  some electronic  
equipment i s  n o t  allowed, for example, nor (except in a very few cases)  i s  
helicopter access or ae r ia l  drops of equipment o r  supplies. 
a r e  n o t  a s  severe and allow more local interpretat ion in Wilderness managed by 
agencies of the  U. S .  Department of In te r io r .  Needless t o  say, the  
log is t i ca l  
object ives  and sampling methodology a r e  approved by the agency managing the 
Wilderness. 

Such l imitat ions 

problems and expense can be very s ign i f ican t  even when the 

HOH R I V E R  ECOSYSTEM STUDY 

The potential value of Wilderness fo r  ecosystem research can be 
i l l u s t r a t e d  by a study t h a t  was conducted on the South Fork of the Hoh River 
i n  Olympic National Park i n  September, 1978 (Franklin 1980). 
focused on relat ionships between geomorphic processes, t e r r e s t r i a l  
communities, and aquatic communities i n  a major r iver  drainage. Broad r iver  
terraces with fo res t s  of Si tka spruce (Picea s i t c h e n s i s ) ,  western hemlock, and 
red alder  and the glacially- fed r iver  and its t r i b u t a r i e s  were of par t i cu la r  
i n t e r e s t .  Research was needed on these systems to provide information for  
management of similar lands being used f o r  commodity production as  well a s  fo r  
management and interpretat ion of the parklands and for  basic science. 

This study 

S t u d y  A r e a  

The 11,480 h a  S o u t h  Fork  Hoh River drainage i s  located on the western 
slopes of the Olympic Mountains. 
glacial origin on Mount Olympus t o  i t s  confluence with the main fork of the 
Hoh River. 
walls.  The floodplain in  the lower valley i s  exceptionally wide occupying 
nearly 25 percent of the total  width o f  the valley. 
wet and mild with average precipi tat ion of over 3200 m a n d  mean temperatures 
o f  around 10 °C. 

The r iver  extends for  about 25 km from i t s  

The valley i s  generally broad and U-shaped with precipitous valley 

The maritime climate i s  
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The valley-bottom fores t s  were the main i n t e r e s t  and varied from red alder  
stands on recent a l luvial  deposits t o  f o r e s t s  of Sitka spruce and western 
hemlock o n  higher r iver  terraces.  
of 82 m2/ha and included Sitka spruce which averaged 118 cm i n  diameter and 
75 m in  height. These fores t s  are  sometimes cal led temperate ra in fores t s  
(Franklin and Dyrness 1973). 

The best developed fores t  had a basal area 

O b j e c t i v e s  a n d  L o g i s t i c s  

The overall object ive of the research was the description of components 
and t h e i r  interrelat ionships in  the  valley-bottom ecosystems o f  the western 
Olympic Mountains. 
detai led work (Table 1 ) .  Several objectives, such a s  def in i t ion  of aquatic 
habi tats  and t h e i r  re lat ion t o  geomorphic processes and t o  t e r r e s t r i a l  
vegetation, were strongly interdiscipl inary tasks.  

The research i t s e l f  was carr ied o u t  over an 11-day period by 46 technical 
personnel representing a broad range of discipl ines  and i n s t i t u t i o n s .  Base 
camp f o r  the team was s e t  up  about 6 km inside the Wilderness on a r iver  bar 
so as t o  minimize the expedi t ion 's  impact on the r iver  valley ecosystems. 

Table 1--Major objectives o f  South Fork Hoh River ecosystem studies .  

Specific tasks or objectives were developed t o  guide the 

I. 

11. 

111 

I V .  

V. 

V I .  

Describe the valley landforms with specif ic  i n t e r e s t  in  
A. Role of vegetation in  landform development; 
B.  Formation of d i f fe ren t  aquatic habi tats ;  and 
C .  Use of vegetation t o  date landforms. 

Develop baseline descriptions of the valley-bottom f o r e s t  including: 
A. Live, standing dead, and down t r e e s ;  
B .  Relationships of fo res t  types t o  landform; and 
C. Establishment of permanent sampling system during 

desc r i  pt i  on.  

Analyze the amounts and role  of dead and down wood in the valley- 
bottom fores t s .  

Analyze the regeneration dynamics of fo res t  t rees  in  the 
valley-bottom fores t s .  

Describe and analyze aquatic habi tats  in the lower val ley.  
A .  Define aquatic hab i ta t s  and determine t h e i r  re la t ion  t o  

geomophic and t e r r e s t r i a l  processes; 
B .  Determine biology of habitats--energy base and 

in te r tebra te  communities; and  
C .  Collect baseline data on sediments. 

Analyze use of aquatic habi tats  by f i s h :  
A. Species d i s t r ibu t ions ;  
B.  Habitat use by anadromous f i s h ;  and 
C.  Overall importance t o  total  f ishery.  

VI I .  Examine interact ions between Roosevelt elk and vegetation. 
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R e s u l t s  o f  t h e  R e s e a r c h  

The major f indings  of t h e  South Fork Hoh River research  team involved 
r e l a t i onsh ips  among components of the  Olympic Val ley-bottom ecosystems 
(F rank l in ,  Swanson and Sedell 1980) .  
geomorphology (Swanson and Lienkaemper 1980) ,  composition and s t r u c t u r e  of 
f o r e s t  communities (McKee e t  a l .  1980) ,  l e v e l s  and decomposition of coa r se  
woody deb r i s  (Lambert 1980) ,  Roosevel t e l k  ( J enk ins  and Starkey 1980), and 
aquat ic  h a b i t a t s ,  communities, and p roduc t iv i ty  (Ward and Cumins 1380, Sedell  
e t  a l .  1980) .  Some important h igh l igh t s  a r e  a s  fo l lows.  

communities of t h e  valley-bottom ecosystems develop. Ecological processes 
determine the i n i t i a l  cond i t i ons  w i t h  b io logica l  processes a s  s i g n i f i c a n t  
modif iers .  Vegetation-geomorphic i n t e r a c t i o n s  a r e  p a r t i c u l a r l y  important i n  
t he  cases  of small streams and r i v e r  ba r s  and t e r r a c e s  which r e s u l t  e n t i r e l y  
from the  i n t e r p l a y  between vegeta t ion  and f l u v i a l  processes .  

Reports have been published on t h e  

Landforms a r e  t h e  template on which the  t e r r e s t r i a l  and aqua t i c  

Woody deb r i s  i s  a conspicous vegeta t ion  inf luence  on geomorphic 
processes .  The r i v e r  mobilizes l a r g e  amounts of woody d e b r i s  by undercut t ing  
and uprooting t r e e s  on fo re s t ed  a l l u v i a l  f l a t s  and higher t e r r a c e s .  
S t ab i l i zed  d e b r i s  i n  t h e  main r i v e r  channel i s  impor tant  i n  s e t t i n g  u p  gravel 
ba r s ,  p ro t ec t ing  pioneering vegeta t ion ,  and r egu la t ing  flow i n t o  r i v e r  s i d e  
channel s ,  thereby c r e a t i n g  t h e  e s p e c i a l l y  product ive  of f-channel aqua t i c  
h a b i t a t .  Wood deb r i s  i n  off-channel and t r i b u t a r y  h a b i t a t s  a l s o  provides 
physical  s t a b i l i t y ,  h a b i t a t  d i v e r s i t y ,  and an energy base by r e t a in ing  f i n e  
organic materi a1 s and d i r e c t l y  through decomposi t i o n .  
an important f a c t o r  i n  shaping mic rohab i t a t s  i n  each of these  types  of stream 
envi ronmen t s . 

Large organic deb r i s  i s 

Four major c a t e g o r i e s  of aqua t i c  h a b i t a t  a r e  i d e n t i f i a b l e  i n  r i v e r  
va l l eys :  the main r i v e r  channel w i t h  f a s t ,  t u r b i d ,  s i l t y  water ;  r i v e r  
off-channel 
t e r r a c e  t r i b u t a r y ,  which i s  low g rad ien t  and gene ra l ly  c a r r i e s  c l e a r ,  
slow-moving water ;  and va l l ey  wall t r i b u t a r y ,  t y p i c a l l y  a high g rad ien t  stream 
w i t h  c l e a r ,  f a s t  water.  

such a s  s i d e  channels p a r t i a l l y  i s o l a t e d  from t h e  main s t ream;  

Off-channel and t e r r a c e  t r i b u t a r y  h a b i t a t s  a r e  o f  overwhelming importance 
f o r  p roduc t iv i ty  o f  aqua t i c  ecosystems o f  t h e  South Fork and s i m i l a r ,  broad, 
a l l u v i a t e d  va l l eys  i n  western Washinqton. These r e l a t i v e l y  p ro t ec t ed  s i t e s  
have abundant, d ive r se  food resource; f o r  both inve r t eb ra t e s '  and f i s h .  
salmon (Oncorhynchus k i s u t c h )  and c u t t t h r o a t  t r o u t  (Salmo c l a r k i  ) use these  
a r eas  f o r  r ea r ing .  

Coho 

Terrace  t r i b u t a r i e s  provide important shelter when the 
main channel i s  i n  f l ood .  

Glacial  s i l t  l i m i t s  p roduc t iv i ty  of some p a r t s  of the main channel 
ecosystem, bu t  not  o t h e r s .  
channel i s  severe ly  l imi t ed  by the scouring ac t ion  of s i l t  and f i n e  sand being 
t r anspor t ed  i n  suspension much o f  the y e a r .  
water s i t e s  of t h e  main channel prevents development of p o t e n t i a l l y  very 
productive a r e a s .  
salmon spawning d e s p i t e  t h e  high natura l  l e v e l s  of sediment i n  t h i s  r i v e r .  

Primary production i n  f a s t e r  water a r eas  of the 

S i l t  depos i t i on  i n  t h e  few q u i e t  

Fine sediment l e v e l s  a r e  w i t h i n  t h e  acceptable  range f o r  
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The f o r e s t  communities a re  s t r o n g l y  r e l a t e d  t o  landform o r  geomorphic 
surface. Red a lde r  stands dominate y o u t h f u l  f l u v i a l  depos i ts  and mature S i t k a  
spruce-western hemlock f o r e s t s  occupy o lde r ,  h igher  surfaces. D i f f e r e n t  
spruce-hemlock comun i  t i e s  are  formed on var ious  te r race  l e v e l s  and have lower 
d e n s i t i e s  than those found elsewhere i n  t h e  coasta l  Picea s i t c h e n s i s  Zone o f  
t he  P a c i f i c  Northwest (F rank l i n  and Dyrness 1973). S i t k a  spruce reproduces 
successfu l ly ,  earn ing r e c o g n i t i o n  as a c l imax t r e e  species along w i t h  western 
hemlock on these s i t e s .  
reproduct ion  over  t h a t  o f  hemlock. 
a l d e r  f l a t s  appear p a r t i c u l a r l y  c r i t i c a l  a t  some t imes o f  year.  

t e r race  f o r e s t s .  
l a r g e  masses o f  carbon and n u t r i e n t s .  
surfaces i s  con f i ned  almost e x c l u s i v e l y  t o  r o t t e n  l ogs  and associated stumps 
and r o o t  wads. 
upon l o g  species, decay s ta te ,  and te r race  l e v e l .  
on seedbeds o f  coarse woody debr is .  

Grazing by Roosevel t  e l k  may favo r  su rv i va l  o f  spruce 
The e l k  u t i l i z e  a l l  f o r e s t  types and the  

Coarse woody deb r i s  i s  an extremely impor tan t  s t r u c t u r a l  f e a t u r e  o f  the 
Woody deb r i s  occupies much o f  t he  f o r e s t  f l o o r  and conta ins  

Reproduct ion o f  t r e e s  on o l d e r  t e r r a c e  

Logs vary  s i g n i f i c a n t l y  i n  t h e i r  va lue as nu rse r i es  depending 
Fo res t  renewal i s  dependent 

A p p l i c a t i o n s  o f  R e s e a r c h  

Resu l ts  of  t he  South Fork Hoh R ive r  research p r o j e c t  have helped Nat iona l  Park 
managers t o  b e t t e r  understand and manage t h e i r  resource b u t  they  a re  a l s o  
p rov ing  impor tan t  on lands managed f o r  t imber  and f i s h  p roduc t i on  ou ts ide  o f  
t he  park.  
o f f- channe l  and t e r r a c e  t r i b u t a r y  h a b i t a t s  f o r  aquat ic  organisms. Over 90 
percent  o f  t he  f i s h  p roduc t i on  i s  assoc ia ted w i t h  these h a b i t a t s  which have 
t y p i c a l l y  been i gno red  i n  regu la to ry  and management programs aimed a t  
p r o t e c t i o n  o f  streams and f i s h e r i e s .  
designed t o  p r o t e c t  these features  which a r e  bo th  b i o l o g i c a l  h o t  spots and 
refuges. 

r i v e r  channel have prov ided a base l i ne  o r  standard f o r  s i m i l a r  r i v e r s  t h a t  a re  
sub jec t  t o  f o r e s t r y  a c t i v i t i e s .  Natura l  l e v e l s  were acceptable f o r  spawning 
o f  anadromous f i s h  even i n  t h i s  s i l  t- laden r i v e r .  

Foremost has been r e c o g n i t i o n  o f  t he  importance o f  r i v e r  

Fo res t r y  a c t i v i t i e s  must c l e a r l y  be 

The data  on percent  o f  f i n e  sediments i n  t h e  spawning grave ls  o f  t he  main 

The importance o f  woody deb r i s  was f u r t h e r  documented f o r  resource 
managers. 
r i v e r s ,  r o l e s  which must be considered i n  programs o f  r i p a r i a n  management and 
stream cleanup. 
f o r e s t  types has i m p l i c a t i o n s  on lands managed f o r  t imber  p roduc t i on  as we l l  
as on lands reserved from development. 

Debr is i s  seen as p lay ing  impor tan t  r o l e s  i n  l a r g e r  streams and 

The r o l e  o f  woody deb r i s  as  c r i t i c a l  seedbed i n  coas ta l  
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S u m m a r y  o f  S o u t h  F o r k  S t u d y  

The South Fork study demonstrates t he  use o f  a Wilderness as a benchmark 
s i t e  f o r  s c i e n t i f i c  research and a c o n t r o l  area f o r  ad jacent  manipulated 
landscapes. The on l y  remaining na tu ra l  examples of r i v e r  va l l eys  i n  t h e  
coasta l  r eg ion  are  w i t h i n  t he  Wilderness o f  Olympic Nat ional  Park and t h e  
research could,  therefore,  on l y  be done there.  The knowledge gained has 
extended understanding o f  northwestern ecosystems t o  a d i s t i n c t i v e  v a r i a n t  
( t h e  r a i n f o r e s t )  and a l a r g e r  sca le  ( r i v e r  drainage).  
a l so  have immediate p r a c t i c a l  app l i ca t i on .  

In format ion  proved t o  

CONCLUSI ONS 

In this paper I have tried to illustrate the value of Wilderness and 
s i m i l a r  areas as s i t e s  f o r  ecosystems research and base l ine  moni tor ing .  
Research on these na tu ra l  ecosystems c o n t r i b u t e s  t o  management o f  commodity 
lands as w e l l  as t o  bas ic  s c i e n t i f i c  knowledge; the  bes t  answer t o  many o f  our 
resource problens--maintenance o f  s i t e  p r o d u c t i v i t y ,  p rese rva t i on  o f  b i o t i c  
d i v e r s i t y ,  e tc . - -are  t o  be found i n  these na tu ra l  ecosystems. T h e i r  
importance w i l l  obv ious l y  grow i n  t h e  f u t u r e  as na tu ra l  ecosystems become 
inc reas ing l y  r a r e  ou ts ide  o f  preserves. 

Keywords : Basel ne , Wildernes s, nature preserves, ecosystem, forest. 



47 

LITERATURE CITED 

Agee, Janes  K . ,  1981: Ecological e f f e c t s  of the Hoh F i r e ,  Olympic 
National Park,  1980 annual r epo r t .  U .  S .  Dept. I n t e r i o r  National Park 
Service Pac i f i c  Northwest Region. 100 p. 

and Washington, US Dept. Agr icul ture  Fo res t  Service  General Technical 
Report PNW-8, 417 p .  

management, US Dept. o f  Agr icul ture  Misc. Publ ica t ion  1365, p .  197-212. 

Biosphere Reserves. US Dept. Agr i cu l tu re  Fo r s t  Se rv i ce  General Technical 
r epo r t  PNW-82, 308 p .  

Frankl in ,  J e r r y  F . ,  1980: Ecosystem s t u d i e s  i n  the Hoh River dra inage ,  
Olympic National Park. Proceedings Second Conference on S c i e n t i f i c  
Research i n  the  National Parks ,  San Francisco ,  C a l i f o r n i a ,  November 26-30, 
1979: Volume 7, US Dept. I n t e r i o r  National Park Service ,  Washington, DC. 

Frankl in ,  J e r r y  F. and Dyrness, C.T., 1973: Natural vegeta t ion  o f  Oregon 

Frankl in ,  J e r r y  F . ,  1978: Wilderness ecosystems. In: Wilderness 

Frankl in ,  J e r r y  F . ,  1979: Se l ec t ion ,  management, and u t i l i z a t i o n  of 

p .  8-22 

Frankl in ,  J e r r y  F . ,  Swanson, Frederick J . ,  and Sede l l ,  James R . ,  1980: 
Rela t ionships  w i t h i n  t he  va l l ey- f loo r  ecosystems i n  western Olympic 
National Park,  Washington. Proceedings Second Conference on S c i e n t i f i c  
Research i n  t h e  National Parks,  San Francisco ,  C a l i f o r n i a ,  November 26-30, 
1979: Volume 7, US Dept. I n t e r i o r  National Park Service ,  Washington, DC. 
p .  96-101. 

Frankl in ,  J e r r y  F., Cromack, J r . ,  Kermit, Denison, William, e t .  a l . ,  
1981: Ecological c h a r a c t e r i s t i c s  o f  01 d-growth Douglas- fir  f o r e s t s .  US 
Dept. Agr icul ture  Fo res t  Service  General Technical Report PNW-118, 48 p. 

ecosystems a t  Mount Rainier  National Park. Ph .D  t h e s i s ,  Oregon S t a t e  
Univers i ty ,  C o r v a l l i s ,  Or. 67 pp.  

Jenkins, Kurt J .  and Starkey,  Edward, 1980a: Home range and h a b i t a t  use  
o f  non-migratory e l k  (Cervus e l a  h u s  r o o s e v e l t e )  i n  Olympic National Park,  
Washington. 
National Parks,  San Francisco ,  C a l i f o r n i a ,  November 26-30, 1979: Volume 
7 ,  US Dept. I n t e r i o r  National Park Service ,  Washington, DC. p. 102-135. 

Valley, Olympic National Park. US Dept. I n t e r i o r  National Park Service  
Oregon Cooperative Park S tud ie s  Unit Reportr  80-3, 32 p .  

western Olympic National Park. US Dept. I n t e r i o r  National Park Service  
Oregon Cooperative Park Studies  U n i t  Report 81-1, 53 p .  

Hemstrom, Miles A . ,  1979: A r ecen t  d is turbance  h i s to ry  of f o r e s t  

P r o c e e d i n m o & e r e n c e  on S c i e n t i f i c  Research i n  t he  

Jenkins, Kurt J .  and Starkey,  Edward, 1980b: Roosevelt elk o f  the Hoh 

Jenkins, Kurt J . ,  1981: S t a t u s  o f  e l k  populations and lowland h a b i t a t s  i n  



48 

Kessel , Stephen R .  , 1979: Gradient modeling. Spri nger-Verl ag , New 
York. 432 p .  

Lambert, Robin Lee, 1980: The biomass, coverage, and decay ra tes  of dead 
boles i n  t e r race  fores t s ,  South Fork Hoh River, Olympic National Park. 
Proceedings Second Conference on Sc ien t i f i c  Research i n  the National 
Parks, San Francisco, Cal ifornia ,  November 26-30, 1979: Volume 7, US 
Dept. Inter ior  National Park Service, Washington, DC. p. 35-46. 

compostion, and reproductive behavior of terrace fores t s ,  South Fork Hoh 
River, Olympic National Park. Proceedings Second Conference on Sc ien t i f i c  
Research i n  the National Parks, San Francisco, California, November 26-30, 
1979: Volume 7 ,  US Dept. In te r io r  National Park Service, Washington, DC. 

McKee, Arthur, LaRoi, George, and Franklin, Jerry F. ,  1980: Structure,  

p .  64-74. 

Sedell, J.  R., Bisson, P. A. ,  and June, J. A . ,  1980: Ecology and hab i ta t  
requirements of f i sh  populations i n  South Fork Hoh River, Olympic National 
Park. Proceedings Second Conference on Sc ien t i f i c  Research i n  the 
National Parks, San Francisco, Cal ifornia ,  November 25-30, 1979: Volume 7 ,  
US Dept. In te r io r  National Park Service, Washington, DC. p .  47-63. 

among f l  uvial processes, f o r e s t  vegetation, and aquatic ecosystems, South 
Fork Hoh River, Olympic National Park, Washington. Proceedings Second 
Conference on Sc ien t i f i c  Research i n  the National Parks, San Francisco, 
Cal ifornia ,  November 26-30, 1979: Volume 7, US Dept. In te r io r  National 
Park Service, Washington, DC. p .  23-34. 

f o r  invertebrate  communities in  South Fork Hoh River, Olympic National 
Park, Washington. Proceedings Second Conference on Sc ien t i f i c  Research in 
the National Parks, San Francisco, Cal ifornia ,  November 26-30, 1979: 
Volume 7,  US Dept. In te r io r  National Park Service, Washington, DC.  p .  

Swanson, Frederick J .  and Lienkaemper, George W . ,  1980: Interact ions 

Ward, G. Milton and Cummins, Kenneth W . ,  1980: Habitat and food resources 

35-46. 

Whittaker, R. H . ,  1956: Vegetation of the Great Smoky Mountains. Ecol.

Wiersna, G.  B . ,  Brown, K .  W . ,  and Crockett, A. B . ,  1978: Development of 

Monogr. 26:l-80. 

a pollutant monitoring system f o r  Biosphere Reserves and resu l t s  of the 
Great Smoky Mountains p i l o t  study. 
of Environmental Pol lutants ,  American Chemical Society. p . 1 2 2 ,  452-456 

Proc. 4th Jo in t  Conference on Sensing 


